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Friday, January 22, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the Buffalo, ND hog farm 

 

Dear Environmental Engineer Lang: 

 

I want to thank you for the excellent work you do in balancing the laws of the state (in protecting our natural 

resources) with the development of new commerce that drives our state's economy.   

 

I'm writing in support in the proposed hog farm near Buffalo, ND for several reasons. 

 

First, having moved to North Dakota from Minnesota in 2000...I saw first-hand the benefits from livestock 

production in that state.  I was a County Extension Agent so I drew up the manure management plans that 

allowed farmers to utilize the manure from said livestock farms (thereby reducing commercial fertilizer usage).  

I also saw the benefits from being able to feed corn and soybeans that were grown locally, instead of having to 

ship these bulk commodities (adding costs of either trucking and/or rail) out of state.  I saw the extra jobs 

created by livestock farms.  I also saw the additional tax revenues created by these farms.  And finally, I saw 

technological advances and cost-share programs (through NRCS) that allowed farmers/ranchers to do a better 

job with manure management and odor management.   

 

Provided that Rolling Green Family Farms abides by our laws, there is no reason to create an atmosphere of 

emotions and drama.   

 

It is interesting to me to see this overreaction from the people of Buffalo, ND, because my farm in Minnesota 

was surrounded by livestock farms...4 of which were within 1/2 mile of me.  And I had livestock myself.  And 

we all lived in harmony.  Our setback provisions in my home county (Cottonwood County) called for setbacks 

of ONLY 1/2 to 3/4 of a mile (depending on the number of animal units) and to my understanding the proposed 

site is as much as 1-mile from any nearby buildings/farmsteads/etc.  That is a more than adequate "buffer" 

zone, in my humble opinion.  Desolate and rural settings like the one near Buffalo are the PERFECT location 

for livestock farms like the proposed one! 

 

Thank you for your consideration, and thank you for doing your job so effectively in helping our citizens and 

industry to follow the laws of North Dakota. 

 

Sincerely, 

 

 

Jeffrey R. Missling 

4726 48th Ave S 

Fargo, ND 58104 



 

 

Friday, January 22, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

Any opportunity to expand a part of agriculture in our state should be embraced. The ag economy is what makes 

towns like Buffalo, ND and to stand in the way when a farm is trying to shore-up their bottom line is wrong. If 

these folks were not concerned with the health and well-being of those around them, they would not have made 

such sincere efforts to follow the regulations that they need to meet set forth by the health department. When a 

business venture is proceeding properly, let's not stand in their way because of what we THINK may occur even 

before they are given a chance. 

 

Sincerely, 

 

 

Jerry Jeffers 

16804 99th St SW 

Rhame, ND 58651 



 

 

Friday, January 22, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

If they are following all the guidelines to start a new operation what more can be asked of them.   We don't 

want to make nd a unfriendly place to do business.  I support the new hog farm 

 

Sincerely, 

 

 

Darrick Johnson 

4451 69th St NE 

Wolford, ND 58385 



 

 

Friday, January 22, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

Why are people opposed to this hog farm in Buffalo? They are working with the health department to meet all 

the requirements for public health and safety. There is no reason fear-mongering should stop this farm from 

moving forward. 

 

I find it truly amazing that numerous hog operations exist throughout Minnesota, a much more populated state 

than North Dakota, and yet there is considerable backlash to any type of animal operation proposal for ND. 

 

I contacted a hog producer in Minnesota to find out more information about his operation.   

 

He has two barns, a 2400 head nursery and a 2400 head finishing barn.  He stated that as long as proper pit 

additive maintenance procedures are performed, odor problems are virtually non-existent.  A few days of the 

year, when conditions are just right, odors might possibly be detected up to 1/2 mile away.   

 

This producer also stated that a 12000 head sow operation that he was familiar with, which is larger than the 

one being proposed in Buffalo, could potentially has odor problems upwards of a mile if the conditions were 

favorable.  He indicated that these "favorable conditions" are only a couple days out of the year, most 

frequently when the weather is transitioning from winter to spring with cool humid days that have a gently 

breeze. 

 

This producer then indicated a couple important preventative measures that would considerable help reduce any 

odor impact of the operation.  First was placing the proposed farm so that the prevailing NW winds blow away 

from the populated area and second would be requiring that significant tree shelter belts be placed around the 

farm. 

 

He finished by stating hog operations have changed considerably by using technology over the last couple 

decades and that the odor problems people remember from year ago are just not the problem that they used to 

be.  A whole new system of biological pit additives has tremendously removed the odor problems that people 

routinely associate with these types of operations. 

 

I grew up in proximity of a couple small hog operations that on certain days would remind me that these farms 

were nearby.  I was surprised though, whenever I visited this hog producer in Minnesota.  Although this MN 

producer's operation was many times larger than the local hog farms that I grew up next to; I would never smell 

any indication that there were approximately 5000 hogs nearby.  Only when I was within a few hundred feet of 

the barns would I begin to notice a hog odor.  And never did that odor increase to what I considered offensive. 

 

Livestock expansion is good for North Dakota.  It's good for the grain farmers too, and I think we should 

welcome the hog farm near Buffalo. 

 



Thank you for this opportunity to comment. 

 

Sincerely, 

 

 

Marty Visto 

9805 105th Ave SE 

Oakes, ND 58474 



 

 

Friday, January 22, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I believe that the proposed hog farm is good for the economy in North Dakota.  If we look at the states 

surrounding us they all have an expansive livestock industry and this is something we need to have in North 

Dakota.    The proposal has followed all of the rules and regulations and should not be restricted in any way. 

 

Sincerely, 

 

 

Chris Brossart 

4510 Highway 17 

Wolford, ND 58385 



 

 

Saturday, January 23, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I support business growth and diversification in North Dakota. It's good for our economy.  And a livestock 

farm is a business just like any other, so I support the proposed hog farm planed for Buffalo, North Dakota. 

 

As a County Commissioner, Chairman of two western North Dakota Organizations ( Vision West and North 

Dakota Association of Oil and Gas producing Counties) which deal with energy development and population 

growth. Moving forward is always been hard, as very often we are faced with a Challenge or  Change in areas 

of smaller rural development and these types of issue seems to become major topics of discussion. 

 

I worked along side many other pork producers and ranching operation owners back some years ago to establish 

the health department rules and regulations for confined livestock operations. Since that time we have amended,  

added and clarified parts of the century code and the Health Department has been  very supportive at every 

stage.    

 

Today I am a board member of a newer generation board supporting the use of corn into food, material products 

and feed for livestock operations.  One of our goals is to gain feed yard spaces in North Dakota to support the 

Aberdeen South Dakota slaughter plant. Some four hundred fifty thousand head will get slaughtered their 

annually in the very near future and if North Dakota could supply two hundred thousand head of these beef 

animals it's a win -win for both Agriculture, our state economy, and small rural American which a majority of 

our state still is today. Benefiting, crop production and keeping the crops raised here off the rail ways, keep 

sales tax dollars at home for repairs and maintenance of operations, generating employment in areas which may 

lack employment opportunities, provided additional income to livestock /crop operations during depressed 

prices. 

 

Again I support the hog farm planned and will always support livestock feeding operations which are regulated 

under our State Health Department rules and regulations under the North Dakota century code. 

 

Sincerely, 

 

 

Daryl Dukart 

470 96th Ave SW 

Dunn Center, ND 58626 



 

 

Sunday, January 24, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the pig farm 

 

Dear Environmental Engineer Lang: 

 

I support the proposed pig farm near Buffalo, ND. Businesses that have met all the Health Department 

regulations should not be penalized because of fear mongering and a "not in my backyard" mentality. Let 

agriculture continue to grow and support ND. 

 

Sincerely, 

 

 

Teresa Dvorak 

1740 104th Ave SW 

Manning, ND 58642 



 

 

Sunday, January 24, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I support approval of the hog farm. 

 

Sincerely, 

 

 

Shane Gunderson 

30203 54th Ave SW 

Berthold, ND 58718 



 

 

Sunday, January 24, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I am writing to give my support of the proposed hog facility near Buffalo North Dakota. Livestock production 

in North Dakota significantly lags behind other neighboring states, that being said the family proposing the 

operation has met all the laws/standards that are required of it. Why then should it even be a consideration 

weather or not they are allowed to operate? All the comments of I have heard from opponents are downright 

ridiculous, ranging from not wanting to see pigs every day (they'll be in barns) to not even caring weather or not 

it will effect them, they just don't want it. A facility of this type would bring excellent jobs an influx of outside 

capital into a small community that could desperately need it. If a business of some other sort wanted to move 

in I doubt there would be any dissenters. The hog operation will also benefit other area farmers by providing 

another market for feed stuffs and possibly lowering the basis on selling their crops to local elevators. I urge the 

Department of Health to do the right thing and approve this facility based on merit/science, and not to give into 

fear mongering and rumors.  

 

Craig Vaughn 

 

Sincerely, 

 

 

craig vaughn 

104 Bedrock Ln 

Cavalier, ND 58220 



 

 

Sunday, January 24, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I was raise in South Central Minnesota in the heart of Hog farms. My father was a Hog farmer. 

The proposed hog farm is NOT the hog farm of my father or grandfather.  This is highly technical with trained 

and educated workers. The waste product will be a benefit to the area farmers.  (people are against the 

smell--but -- with technology the smell is gone) It is a natural product which will not have a negative effect on 

the environment. It will be located away from any town--but the people of the town allow anhydrous  tanks on 

the main street.  These are very very dangerous. 

If we don't support production ag, The bacon with your eggs at breakfast will be coming from China.  

We have heard the cry of the people of North Dakota---Our schools are dying. The town is dying. What can we 

do? What can we do? ----Here is an opportunity to have Children in the schools and the town to grow. 

 

Sincerely, 

 

 

Myrene A Peterson 

5140 136th Ave SE 

Enderlin, ND 58027 



 

 

Sunday, January 24, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I am writing to express my support for the proposed hog farm near Buffalo.  Increased livestock production is 

good for everyone: The community gains tax dollars, the local grain farmers gain an additional market, and 

other local businesses gain a valued customer.  

From what I hear, the owners have fulfilled their regulatory requirements, and the opposition, at this point 

comes from folks that don't want a hog farm nearby.  But the set- backs are reasonable and protect the 

neighbors from any realistic problems and concerns. I just hope that emotion is not allowed to overrule sound 

science, rules that are already in place, common sense. 

I encourage you to allow the project to go forward, 

 

Sincerely, 

 

 

Diane Hanebutt, 4-H Mom 

PO Box 226 

New Salem, ND 58563 



 

 

Sunday, January 24, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

The proposed hog farm That is to be located North East one fourth of Section 4 of Howes Twp in Cass County; 

will have a large economic impact on the Buffalo and surrounding area.  There will be 17 high paying jobs that 

will bring in families to the area.  

The 2016 Hog operations are extremely will managed and have to be very efficient to be profitable. These 

farms use the newest technology  to reduce  disease and the  use of antibiotics. 

The Veterinary Feed Directive that will be going into effect on January 1, 2017 prohibits the use of antibiotics 

in the feed or water for growth promotion. The use of antibiotic can only be used for the treatment of disease as 

a proscription from a Veterinarian. This proscription is only valid for 6 months for a particular group of 

animals.  

One year storage of manure will allow the manure to be pumped from the storage and injected into the soil; this 

will reduce any odors from this operation.  The manures fertilizers value is much greater that chemical 

fertilizer. The manures nitrogen phosphorus and potash level will be monitored to comply with the Dept of 

Health's regulations. 

 

The Axillary services such as livestock hauling, purchasing of feed and ingredients will benefit the local 

business and farmers 

This hog operation will be a win,win for animal agriculture, the community of Buffalo, and  17 additional 

workers that will be employed by this operation.  It also increase the tax base. 

 

Sincerely, 

 

 

Andrew A Peterson  D.V.M 

13484 Highway 46 

Enderlin, ND 58027 



 

 

Monday, January 25, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

Livestock expansion is good for North Dakota.  It's good for the grain farmers too, and I think we should 

welcome the hog farm near Buffalo. 

 

We had a large hog farm built in our county (Ramsey) about 10 years ago, there were many people from Devils 

Lake that opposed the farm.  There has been no problems with the hog farm and I don't think the average 

citizen in Ramsey County even knows that the hog farm was built. 

 

We need local markets for our grain and livestock farms are part of the solution. 

 

I'm in favor of the proposed new hog farm in Buffalo.  It's good for our rural communities to have growth, and 

growing livestock farms helps the other farmers in the area too.  Since the family involved is meeting Health 

Department requirements, why should anybody be allowed to stand in their way? 

 

Sincerely, 

 

 

Paul Becker 

9250 58th St NE 

Crary, ND 58327 



 

 

Monday, January 25, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

If those involved with the proposed hog facility near Buffalo,ND have met all requirements needed and asked of 

it by the state, it should be allowed to be built.  

Expansion of animal agriculture is much needed in North Dakota.  

Support the facility. 

 

Sincerely, 

 

 

Tom Christensen 

7114 110th Ave SE 

Verona, ND 58490 



 

 

Monday, January 25, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I'm in favor of the proposed hog farm near Buffalo that was in the news this week.  If the family has met all the 

requirements of the Health Department, they should be able to grow their business. 

 

Sincerely, 

 

 

Perry & Diana Moser 

13700 52nd St NE 

Baldwin, ND 58521 



 

 

Monday, January 25, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

Agriculture in ND continues to be number one as an economic engine.  Continued support of properly vetted 

production units such as this hog farm is very important to feeding the nation not to mention maintaining the 

health and viability of rural communities.. 

 

Sincerely, 

 

 

Frank E. Walker 

319 2nd St SE 

New Rockford, ND 58356 



 

 

Tuesday, January 26, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I support the proposed hog farm near Buffalo. Business' like this are much needed in our state, and not only 

benefit the local community; but area farmers via the product and co-product utilization in operations of this 

nature. We are a country with free-market principles that we preach all around the world; if Rolling Green 

Farms is following all procedures and full cooperation is given throughout the permitting process there should 

be no reason that the community and the State of North Dakota shouldn't be happy to have them. 

 

Sincerely, 

 

 

Seth Estenson 

8484 Highway 20 

Warwick, ND 58381 



 

 

Tuesday, January 26, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I believe that North Dakota should support the hog farm in Buffalo, ND.  This family has been meeting all of 

the requirements of the Health Department and should not be penalized for doing so.  A business such as this 

will bring many new jobs to the area and will benefit grain farmers in the area that are selling their crops as feed 

to the hog farm.  As a state that is largely comprised of agriculture, I believe we should do as much as we can 

to promote agriculture and encourage new farmers to start their business.  I don't believe that anyone should be 

allowed to stand in the way of this new hog farm as I only see this as a benefit to the community. 

 

Sincerely, 

 

 

Jennie Brossart 

4510 Highway 17 

Wolford, ND 58385 



 

 

Tuesday, January 26, 2016 

 

Jeremy Lang 

Environmental Engineer 

N.D. Department of Health, Division of Water Quality 

918 E Divide 

Bismarck, ND 58501 

 

Subject: I support approval of the hog farm 

 

Dear Environmental Engineer Lang: 

 

I support the approval of the proposed hog farm near Buffalo.  The Rolling Green Family Farm has met all the 

requirements of the ND Health Dept for health and safety.  North Dakota needs livestock expansion just like 

any other business and will provide jobs and a sale of feed from ND producers.  I see no reason that it should 

be opposed if all the requirements are met. 

There are other hog farms in ND and they do not pose a health and safety problem for anyone in the 

communities they are located in.  Why should it be opposed near Buffalo. 

 

Sincerely, 

 

 

Donald Boardman 

811 Thompson St 

Bottineau, ND 58318 



 







Received January 15, 2016 

 

 

North Dakota Department of Health 

 

Dear Sirs:  

I have been informed a few days ago that we will be having a pig farm 1 ¼ miles from our farm 

site.  I have studied the situation on line and have been very upset with what I found.  

First the odor, flies, and disease. Second, our gravel roads that they will be traveling on with 

semis at least four times a week with feed and hauling their hogs. Third, will our property have 

the value it has now?  

What people will they hire to work there? It’s a safety question when you’re my age. I’ve lived 

in this farm site for 53 years and love the peaceful atmosphere. I feel my life has been turned 

upside down. I hope you take this all under consideration. 

Yours Truly, 

Judith Von Bank 

3610 140th Ave SE 

Buffalo, ND 58011 



Received on January 25, 2016 

 

To: NDDH 

 

I am writing this letter as a concerned land owner of Cass County. It is concerning the permit for 

Rolling Green Family Farms RE LLC (Wrong: LLP) Hog Operation being built on Section 4 of Cass 

County.  

I believe it would be harmful to the growth of our community, as we have had several families 

from Fargo/West Fargo move out to this area and buy/build homes. Not only in Buffalo, but 

along this County 3 Road. 

I also have the following concerns for the hog operation of their size: 

1. Decrease to land value. 

2. Contamination of underground water. 

3. Manure Management 

4. Odor 

My husband and I owned/operated our own farrow-to-finish hog operation for 15yrs. Although, 

much smaller than this operation, we still had to manage the manure and odor. Even though 

we kept our facility clean and well maintained and the manure pit used liquid bacteria, we had 

odor. 

So, please reconsider this permit and deny! 

Thank you! 

Joan Boyd 







Vicki Wendt 
3805 139 Ave SE 
Buffalo, ND 58011 
 
North Dakota Department of Health 
Division of Water Quality 
600 E Boulevard Ave 
Bismarck, ND 58505 
 
January 20, 2016 
 
Dear North Dakota Department of Health, 
 
I am from Buffalo, ND. I am writing in opposition to the permit requested by Rolling Green Family Farms 
RE, LLP for a 9,000-hog farm southeast of Buffalo. 
 
I adamantly oppose the construction and operation of the proposed 9,000-hog site due to the obvious 
stench that large hog farms produce. I am greatly concerned about how this will affect my quality of life 
as well as my property value. I am proud of my home 4 miles straight south of Buffalo. My husband  and 
I built here in 2001 and have been enhancing our property ever since. We have a great back yard with an 
in-ground swimming pool and outdoor kitchen, including a fire place and wood-fired pizza oven. We 
have many extended family gatherings in our yard and many quiet afternoons on our deck enjoying the 
beautiful North Dakota sunsets and fresh air! Hog farms are well known for creating an unbearable 
stench that can be smelled from many miles away. There is no way that a hog farm 3 miles from my yard 
will not be smelled from my yard.  And, even worse, plans for disposing manure into farmland includes 
land a half mile behind my house!  In fact, per field drawings provided by your office, fields 10, 20 and 
21 are all within a mile of my house. That’s 305.5 acres right around my house that are planned for 
being covered in hog manure!  
 
We’ve learned that an operation like this can’t be within a half mile from a residence. We all know a half 
mile is unreasonably close. The manure on the hog farm site will be in concrete pits under the buildings 
and still, by your restrictions, must be at least a half mile away from a residence. So how is it possibly ok 
to cover 300 acres of farmland within a mile of my home with manure? 
 
A brief internet search quickly produces multiple stories of hog-farm stench issues around the country. 
There are multiple lawsuits. There are millions of dollars in damages awarded to property owners. 
Nobody can honestly claim that this stench isn’t going to affect our community. There is just so very 
much wrong with what is happening here. 
 
We are not trying to close down an existing multi-generational family farm. We absolutely do not 
approve of the corporate farm moving in and disrupting our way of life. 
 
I am one rural resident.  All of my neighbors have the same concerns, including the residents in town. 
The only ones not opposing this are those standing to benefit financially. This will deter new residents to 
Buffalo. This will affect our property value. This will affect our quality of life. There will be lawsuits. I beg 
you: stop this now! 
 
Vicki Wendt 





Received: January 19, 2016 

 

North Dakota Department of Health 

 

Attention: Jeremy 

I am writing in regard to the pig operation proposed to be built in our neighborhood at Buffalo, ND. 

I have just recently heard about this project, so have many questions and am very much opposed to it. 

No one has talked to me about the drainage over my land. Then it goes onto Interstate #94 ditch, under 

the highway and on. 

It would affect the air quality for us, the condition of Howe township road that passes it, possibly flies. I 

have a neighbor who has a handicapped grandchild with them a lot. This is near the site. With the air 

quality there would be, the child could not be outside. I live about 1 ½ miles away and have a lot of 

health problems. So would not want to be outside in that air either. 

Please try to do whatever can be done to stop this project. 

Thank you for your attention. 

Jacqueline Marcks 

PO Box 121 

Buffalo, ND 58011 

 

 

 

 

 





Received January 15, 2016 

 

 

 

North Dakota Department of Health 

 

Dear Sirs: 

It has come to my attention that there are people who like to put a hog feeding system 1 1/4th 

miles from our farm. I have lived here all my life and have valued the fresh air that I have lived 

with. I feel no one has the right to contaminate my fresh air with the smell of hogs. I have 

problems breathing, because I have asthma. 

I wouldn’t want a bunch of trucks going by hear with dust and wrecking the roads. I think it 

could destroy our property values, and people would not want to build homes because of the 

smell. 

I would appreciate it if you would not grant a permit to these people who would like to build a 

hog set up in our territory. Thank you very much. 

 

Sincerely, 

Robert Von Bank 

3610 140th Ave SE 

Buffalo, ND 58011 



Received Jan. 20, 2016 

 

NDDH 

 

 

 

To whom it may concern: 

I am writing concerning about a pig set up which will be built approximately 2 miles east and 

two miles south of Buffalo, ND. I am upset and against such a thing. 

Reason 1- we built a new home one and a half miles south of Buffalo on County Road 38. The 

home is appraised at half a million dollars. Having this hog farm 2 miles east would certainly 

decrease the value of the home for resale. 

Reason 2- We are retired, but when we farmed, (my husband farmed), he raised hogs. There is 

nothing worse than the smell of hogs, and I know we will be able to smell “pigs!”. 

Reason 3- Since we have farm land around that area, runoff is a worry. 

Reason 4- What about the effects on underground water? That is our source of water, and 

heaven forbid should that become contaminated. 

Reason 5- How about the competition of the fertilizer with our local fertilizer dealers? 

These are just a few of my concerns. I truly hope no permit is issued to allow this set up.  

Thank You 

Stephanie Baasch 

13905 36th Street SE 

Buffalo, ND 58011 

 

  









NDDH 

 

Received: January 14, 2016 

 

Dear Jeremy, 

As to our phone conversation today, here are some of my concerns. 

Smell: When Jack Rabbit farm was started in Madville, SD the neighbors were told the same thing, some 

odor at certain times.  They are now living a nightmare we hope to avoid, check this out at 

MadvilleTimes.com/Jack Rabbit Farms. 

Wells: They are hoping to run this farm, or factory let’s call it, on two wells, a couple neighbors had small 

hog operations a few years ago and had to pipe in rural water as the well water was too high in salts for 

the hogs to do well. 

We are not set up for the truck traffic, which is already bad at times, or the influx of workers, housing is 

in short supply here. 

We really need a public meeting as some of my neighbors have been in Ag all their lives and are better 

informed then I to bring some educated questions to this subject. Many are quite concerned.  

What so they do with the liquid manure when the ground Freezes and it can’t be dug in? 

As I said, these are only some of my concerns. This proposed hog factory in kicking up some serious dust 

around here. One thing about it, it’s got all the neighbors visiting again. Would like to hear from you. 

Thanks 

Roy W Thompson 

PO Box 194 

Buffalo, ND 58011 

 











1-11-16 

ND Department of Health 

Jeremy, 

 

It’s hard to put into words how finding out about a large (thousands) hog operation going just 
down the road from me, can actually affect your daily life. 

This operation is called Rolling Green Family Farms RE. LLC. I was notified Friday by the mayor 
of Buffalo, who had just found out somehow. It was all kept a secret from the close neighbors it 
would actually affect the worst. I just live a short distance down the gravel road where they 
want to put it. My husband has done research about a operation they started in SD, and how 
people there are now living the “nightmare”.  

You can read about it at madvilletimes.com- Jack rabbit farms. 

Here is the permit information ND-2015-019 

Application date 10/08/15 #NDAFO0853 

Name: Rolling Green Family Farms RE LLC 

Mailing add: 1300 S Hwy 75 

Pipestone, MN 56164 

Telephone: 507-825-4211 

Proposed Permit Exp. Date 12/31/2020 

We have a great quality of life here and that would all end. I can’t even imagine the stench and 
trying to be outside. A big operation like this does not belong here. 

We sure need to bring it to some ones attention that can help us. Anything you can do to help 
us would be greatly appreciated. It would affect so many things the odor, the traffic, trucks, 
huge buildings, noise, water, and land quality. 

Try to imagine how you would feel if someone told you this was going to be built right by you! 

Please look into what is being done to help us out. We want to keep our peaceful countryside. 

Thank you, 

 

Sheila Thompson 



3517 142nd Ave SE 

PO Box 194 

Buffalo, ND 58011 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Tuesday, February 09, 2016 4:12 PM
To: Lang, Jeremiah M.; Strommen, Rachel A.
Subject: FW: Rolling Green Family Farms

 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 

From: Amon Baer [mailto:eggs@rrt.net]  
Sent: Tuesday, February 09, 2016 2:26 PM 
To: Rockeman, Karl H. 
Subject: Rolling Green Family Farms 
 
 
2-9-2016 
 
Karl Rockeman: 
 
I am writing to offer my support for the construction of the hog confinement facility proposed by Rolling Green Family 
Farms in Cass County near Buffalo ND.  North Dakota is in need of diversifying the agricultural base of the economy and 
livestock development can play a key role.  The size of this operation will add many millions of dollars to the local 
economy of western Cass County.   
 
Amon Baer 
28415 40th Ave. S. 
Lake Park, MN 56554 
218-937-5350 
 























Received: January 25, 2016 

To: NDDH 

 

Dear Sir: 

I live in Buffalo, ND, a small town in Cass County and I have just heard that a local man has sold land to a 

company that plans to start a pig breeding operation which will accommodate 9000 plus pigs. This just 

seems unacceptable to me.  

We have worked hard for many years to build a community that has a variety of activities, is attractive 

to look at, and we are interested in encouraging new people to settle on existing property. We have 

active churches, excellent schools and a population eager and willing to achieve our goals. 

This pig enterprise is truly going to threaten our way of life. The odor, air quality, and water pollution 

will be unacceptable, and will make it difficult to have a normal atmosphere in which to work and play. 

I’m sure the Rolling Green Family Farm has pages of statistics that will show our worries are groundless, 

but common sense and experience tells us otherwise. Can this be stopped? 

Yours Truly, 

Carolyn Pfeifer 

PO BOX 152  

Buffalo, ND 58011 







Received: January 25, 2016 

 

To: NDDH 

We are very concerned about the proposed large hog operation by Buffalo. Charles has COPD 

and it is crucial that he has healthy clean air to breathe.  It could limit his time outdoors or even 

having our windows open. Not to mention the smell. We have raised small herds of hogs and 

know what it’s like we can’t imagine the stench from thousands of hogs. It has been found that 

there is an association between living in proximity to high density livestock production and 

community acquired infections with methicillin-resistant staphylococcus aureus, known as 

MRSA. This is especially dangerous for someone in poor health.  

What about our water supply and roads? We get water from Cass Rural Water. Will there 

always be enough water? This operation would be extremely hard on our roads. Our taxes 

could go up to maintain them. 

As far as jobs for Buffalo, there are no houses available in Buffalo. Workers would be coming 

from outside the area. 

We live in the southwest corner of section 25. Please give this serious consideration and not 

give approval. 

Sincerely, 

Charles and Marlene Sheldon 

3477 144 Ave SE 

Buffalo, ND 58011-9763 





Received on January 25, 2016 

 

To: NDDH 

To whom it may concern, 

I am a resident of Buffalo, ND and I’m very much concerned about the quality of our air and eventually 

our water if a pig farm is placed close to us.  We have a lot of people in our community with health 

issues that really worry us. Please take this into careful consideration for us. 

Claudia Von Bank 

PO Box 164 

Buffalo, ND 58011 







1

Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Friday, February 05, 2016 2:21 PM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm

 
 
-----Original Message----- 
From: Dallas Hager [mailto:user@votervoice.net]  
Sent: Friday, February 05, 2016 1:53 PM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm 
 
Dear Environmental Engineer Lang, 
 
Beef - "It's what's for dinner" and as far as I am concerned....Pork - "It's what's for 
breakfast" and I like breakfast.  North Dakota (so am I) is a proud supporter of Agriculture 
and pork production fits that bill too. 
 
I support our right to diversify and grow our own food.  Our nation did not become great by 
holding back our entrepreneurs. 
 
If all of the requirements by the health administration have been met, then the concern of 
smell should carry little weight as this to can be minimized. 
 
Sincerely, 
 
Dallas Hager 
203 Territorial Dr 
Rugby, ND 58368 
dallas_hager@yahoo.com 
 

















From: InfoDept. of Health
Sent: Wednesday, January 20, 2016 10:20 AM
To: Rockeman, Karl H.
Cc: Glatt, Dave D.
Subject: FW: The Stink about the Hog Farm Near Buffalo North Dakota

FYI
Londa

From: Eric Lien [mailto:ericl@champindustries.ca] 
Sent: Wednesday, January 20, 2016 10:09 AM
To: -Info-Dept. of Health
Cc: buffalond@ictc.com; Today2b4u@aol.com; jthomas@wday.com; Grondahl, Chris D.
Subject: The Stink about the Hog Farm Near Buffalo North Dakota

    I’m opposed to the new 9000 head hog farm purposed near Buffalo. Livestock pollution seems to be the 
biggest threat to the small community of Buffalo. North Dakota has witnessed what large corporations have 
done to the Western part of the state with the oil boom. Looking at the concerns given today with other large 
hog farm proposal. There is no denying there are health risks attributed to these types of farms.  
One case being Chapel Hill NC, has a similar operation. People have reportedly suffered from headaches, 
diarrhea, and repertory problems according to a study by researchers at the University of North Carolina.  These 
hog farms emit hydrogen sulfide. This is a gas that most often causes flue like symptoms in humans, large 
concentrations have been attributed to brain damage. The National Institute of Health reported that 19 people 
died as a result of hydrogen Sulfide. 
    The quality of life that people from the area are used to would drastically change. People in the small 
community currently enjoy the fresh air without the pungent odor of 9000 head of hogs producing nearly 3 
gallons of solid waste a day, per hog That’s roughly 27,000 gallons of Solid/Liquid waste a day on a 9000 head 
operation. The vast amount of sewage gas, with 70% being methane, and 29% carbon dioxide. The methane 
being about half of the chemical weight of air. Will cause a lingering effect to the area. Dispersed by the warm 
southern winds in the summer time blowing directly to the town and a more lingering affect in the winter. 
Ammonia is also a toxic form of nitrogen released in gas form during waste disposal, and it can carry more than 
300 miles through the air before settling in the ground or lakes, and rivers. Where it will cause an algae boom, 
killing most aquatic animals.
    Looking at water quality, a number of residence around the area still run well water. High levels of nitrate go 
hand in hand with large livestock operations. These high levels of Nitrates in drinking water increase the risk of 
methemoglobinemia (Changes in red blood cells) or Blue baby syndrome. Animal waste its self contains 
Salmonella, E coli, Cryptosporidium, and fecal coliform which can be 10100 times more concentrated than 
human waste. And more than 40 diseases can be transferred to humans through this manure. North Dakota 
being a Plains State (meaning flat), we are often prone to flooding conditions. What were to happen to 
Pipestones underground storage in the event of a flood that can last weeks? Although Pipestone says it’s out of 
the flood plain. I do remember stretches of Interstate 94 closed that were also out of the flood plain. Even 
without a flood, at some time the storage has to be emptied. In 1995 an eight acre waste lagoon burst causing 
25 million gallons of waste into a local river. That spill alone killed 10million fish and closed 364,000 acres of 
wetlands. In 2011 an Illinois hog farm spilled 200,000 gallons of sewage into a creek killing 110,000 fish. 2012 a 
Carolina dairy left carcasses rotting polluting the area. Run off from hog farms in North Carolina are believe to 
be a main contributor to Pfiesteria piscicida causing skin irritations short term memory loss, burning eyes and 
other cognitive problems in local people.  The risks clearly outweigh the rewards, I wouldn’t want to have my 
family and neighbors exposed to these risks.
    When doing research on the internet, I seen nothing short of horror stories. From smaller operations than the 
one purposed near Buffalo. It’s these types of concerns that are raising citizen resistance to the new wave of hog 
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farming.  In Kansas, 18 counties have passed referendums opposing factory hog farms.  Wayne County, in 
Illinois, has imposed an emergency ban on more largescale hog farms (anything over 1000 head) and the state 
legislature is considering a statewide moratorium.  Kentucky’s Attorney General has issued an opinion declaring 
that "industrialscale hog operations are not reasonable, prudent and accepted farming methods."  Iowa, 
Minnesota and Missouri are also scenes of intense citizen opposition. The states and communities are already 
acquainted with large Hog farms.
Although Pipestone mentioned on the good side it would bring up to 20 jobs to the area. I’m not sure anyone 
has mentioned to them, the Obama Administration is touting a 5% unemployment rate nationally, And North 
Dakota’s unemployment being 12%. The 20 jobs offered didn’t seem to impress the local community. 
    Historically speaking North Dakota seems to commit to out of state companies and make the populous deal 
with the problems. Once these companies have already been established it seems impossible to deal with the 
repercussions that the companies bring.  

    Best regards!

Eric Lien
204 Strand Ave N.
Buffalo North Dakota 58011
9202424858
ericl@champindustries.ca

Page 2 of 2

1/27/2016file:///Y:/WATER/NDPDES/EFile/Feedlot/CASS/Rolling%20Green/Correspondence/Publ...

























1

Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Friday, February 05, 2016 9:21 AM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm

 
 
-----Original Message----- 
From: John Reinhardt [mailto:user@votervoice.net]  
Sent: Friday, February 05, 2016 9:19 AM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm 
 
Dear Environmental Engineer Lang, 
 
North Dakota is an agricultural state. If was not for us producers people in America would 
have no food. This farm is away from towns and other farms so it will not disturb anyone. 
Look at the jobs it will give people. Help with bringing children to schools and also people 
buying supplies for the farm and personal use. Keep small towns going don't shut them down. 
Yes let the farm be set up. It will by far help the economy it will not hurt it 
 
Sincerely, 
 
John Reinhardt 
4855 Highway 49 
Glen Ullin, ND 58631 
strnorman@yahoo.com 
 



















Received on January 25, 2016 

 

To NDDH 

 

I am a farmer with land on both sides of this proposed hog project. Our farm has three houses plus the 

fourth house my nephew just built this summer. All are 1.5 miles to the SE and E and NE of the proposed 

site. 

We used to have a family sized hog, farrow to finish operation so I have been there, done that. But this 

place will be huge. Biggest one in the state in our back yard. Of course odor is an issue. They plan to 

raise 170,000 hogs/year (incorrect number). That can easily produce 40,000 dead pigs a year. Yes they 

will compost them, but they are used to weather 200-300 miles south of here. If it gets to cold it is tough 

to keep that compost pile going. Been there, done that. Also, will be about 16,000 placentas (after 

birth)/year. 

They say the 10’ pits have capacity for 1 year of storage. This huge pit will be very difficult to agitate 

before pumping. Heavy sludge will build up on the bottom they won’t get out, making the pit have less 

capacity, break some water lines and sprinkler lines and pit is fuller faster than they think. What do you 

do with full pits the wrong time of year? We had some hay ground we went to when that happened. 

They think they will just pump it out in 7-8 days. They say they want to work with the local farmers but 

the land may not be ready at the same time and this country can freeze up by Nov. 1, or wet falls, we 

couldn’t finish combining one year until the ground froze. Then they will try and get an emergency 

permit to spread the manure on top of frozen ground. Run off from this place goes SE to I94 highway 

ditch. Culverts take some of the water south but not all of it. Some comes east in highway ditch by our 

farm.  

Economic development? They have not found a feed mill yet. There are none close by. Don’t you think 

they should get these answers before you give out a permit? I think all cards should be on the table 

before you make any decisions. 

Where are 17-18 full time employees are going to live where? They say to build houses. Most of the 

employee’s wages will not make house payments and turnover rate for employees in this project will be 

high. So they go live in Casselton for example. That doesn’t help Buffalo. You buy your groceries 

normally where you live.  

Think about all that traffic in and out on our gravel roads all over the township. Rain or shine they will go 

and hurt the roads. They won’t always take the shortest route to pavement. They want to enter in this 

site from the north which means an extra mile of gravel. If they would build their road east of the site 

they would only have one mile of gravel until the exit on I94. Their way of coming in from the north 

makes it all most two miles of gravel. Why wreck more roads (1 mile of county and ½ mile township). 



They said 3-4 loads of pigs out per week and 5-6 loads of feed in per week. Rain or shine. When it rains 

farmers are not combining and running up and down the roads when it is wet. They will have to. Load 

restrictions, in spring on that county road, could make loads of feed go up to 7-8 loads. 

Back to the quality of the workers. In other places like this the workers can’t speak English or they work 

with shackles on their ankles. Check it out. 

I am personally concerned about all the extra traffic by my house. We live in the country for privacy. All 

buildings equipment, houses, cars, will have to be locked up all the time. I am not retired yet but there 

are some neighbors that may want to sell their farmstead and move to retirement homes. Look how this 

will lower the value of their place.  You say the workers could buy it. Maybe the one manager could buy 

it but most of the workers would not afford it. We just had two houses with a barn (farmstead) sell for 

around $270,000. They can’t afford that.  

My local fertilizer and seed dealers will sell less product. What will we benefit from? The profit will go 

out of state. There is a lot of confusion about the taxes they will pay. 

Your application you put out has mistakes on it. Explain the facility description comments that should be 

received by December 23, when you did not release this public notice until December 28, 2015? The 

name is Rolling Green Family Farms RE LLC? Well, we found out Monday night January 18, 2015 at our 

public meeting (that I forced them to come) and talk to us (They only wanted to meet with a couple of 

neighbors). I said no way; you will talk to all the neighbors and the community of Buffalo. Again, they 

were trying to sneak in without people knowing.  

They said it was a mistake the LLC should have been LLP (a partnership) of farmers. I am disappointed in 

Karl for not wanting to reissue the application with these (first two) corrections. People that did not 

make it Monday night don’t know the truth. You ask what the big deal is, well for our local township 

taxes, will it be zoned commercial or agricultural? My local tax assessor has not gotten back to us yet. If 

it is a Partnership and they are MN farmers does that make it AG? Will the township get $400 or 

$10,000? 

Isn’t it only fair we have some answers before you give them a permit. Again, they want this to be a fast 

decision where all things are not addressed.  

Another example, the Melvins and Rolling Green (Dr. Barry) said we have enough acres to spread 

manure on. Well instead of asking all the local farmers about using the manure (they were afraid to be 

up front with that) they put down all the land they farm with some of the land 6 miles, 8 miles, up to 10 

miles away. Yes, they have some close and they can pump it through hose 3 to 5 miles. If you think they 

will haul it 6-10 miles away. They don’t want to and they even put down their half section they drain 

tiled. You see they got enough acres (3300 acres) (not right amount of acres) for the permit but do you 

realize they will never put manure on those acres far away? What a scam. You realize they think you 

won’t look how far away some of those acres are from the site. There sneaky plan is to show you, get 

the permit and then build it and then in 4 or 5 years try to dump it on the local neighbors fields within a 

few miles (including myself).  



What a sneaky way to do it. What if some local farmers don’t take it they could be stuck with manure 

they don’t know how to get rid of? We as neighbors don’t feel that is right. I hope the great state of ND 

feels the same way. I find it interesting what extent some people will go to benefit them and screw their 

neighbor. I think they call that arrogant. I hope you don’t get suckered into their unpractical dream.  

This is really ripping our community apart. They are trying to get permits to put hoses through state 

highway 38 and I94 (culverts). They don’t have those answers yet but they want the permit from you. I 

talked to Mr. Gilbertson (NDDOT Fargo section manager) he told me “no hoses in culverts” (safety 

issues). I just can’t believe they expect to get a permit without their ducks in a row.  

I hope you will deny this permit and hold a public hearing to get some answers. Thank you Jeremy, 

Brady, and Karl, you all have been very helpful and courteous on the phone. 

Lee Fraase 

3564 143rd Ave SE  

Buffalo, ND 58011 

 

 

 

























Received January 25, 2016 

To NDDH 

 

This huge hog farm proposed to be built next to my farm is a concern. Did you know that there was 

three old farmsteads within a half mile of this site. I will draw you a map for section 4 and 5 in house 

Township 139-54?  

I plan to pull out my old atlas and get you a copy of these hopefully before Jan. 26th. Your wells located 

on the application come from an incomplete list of wells, I know all wells were not recorded before 

1971. (That date came from Brady in your office). In the early 1970’s the ones in section 4 and 5 were 

bulldozed over with cat. Peter Keifer sis the one I know. Back then they just pushed and buried 

everything and doesn’t it concern you that those wells. (I don’t know the exact location of the wells or if 

they had a well or not but most old farmsteads had wells for themselves and a few head of livestock) 

would not have been properly capped off. I believe they would have been shallow wells because deep 

flowing artesian needed a place to drain, and you don’t see that residue. This huge hog barn would be 

within a half mile of these potential wells that were not properly capped off.  

True story, our farm is right next to I94. They jogged their right of way or else it would have hit the big 

house. Before the east bound lane was put in and I94 completed, my distant relatives had a small gas 

station for the west bound road that was then old 10. In the fifties they knocked all that down to finish 

I94 about 12-15 years ago on the north shoulder of eastbound lane (because the farm is so close I know 

that highway like the back of my hand). We noticed this big hole about 2 or 3 feet in diameter next to 

the cement. Like a sink hole. It was at least 2-4 feet deep and after a month or so we contacted NDDOT 

(Casselton branch) they said they noticed it too and wondered how that could happen in a road that was 

packed and federally inspected. We dug out some old pictures and did some measuring and we decided 

by that, that sink hole was an old well. Quite certain it was the old well from the gas station. DOT filled it 

in, so before you grant any permit I would hope you would inspect those sites for wells that were just 

pushed over and not filled up properly. Wells that are not properly capped off can’t be within a half mile 

of this barn.  

Thank you, 

Lee Fraase 

3564 143rd Ave SE 

Buffalo, ND 58011 

 

 







Date Received January 25, 2016 

To: NDDH 

 

To whom it may concern: 

My name is Marian Kasowski . I live in the village of Buffalo, where a large pig operation is proposed 

near by.  

We had a meeting with reps from “Rolling Green Family Farms RE, LLC”. A spirited meeting ensued with 

over 100 present. 

At the onset, I was simply thinking of prevailing winds that would carry odor, but having heard the 

comments of several people who had researched the health issues involved with this operation, I am 

really concerned. Our contributor fund that eventually there will be contamination of ground water. We, 

in our area, are served with an aquifer water source by Cass Rural water. We must think ahead to the 

health of our children! The reps could not guarantee air quality either. 

Please consider our plight in making your decision regarding the permit to build this 9000 animal facility. 

Sincerely, 

Marian Kasowski 

PO Box 48 

Buffalo, ND 58011 
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Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Friday, February 05, 2016 2:21 PM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm

 
 
-----Original Message----- 
From: Pam Brekke [mailto:brekkeag@polarcomm.com]  
Sent: Friday, February 05, 2016 2:07 PM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm 
 
Dear Environmental Engineer Lang, 
 
I am a farmer from Prospect Township in Ramsey County.  We fought the county commissioners 
for several years trying to get a 5,000 head hog barn up.  We finally zoned our township 
ourselves and eventually got the barn up and running.  In the 10 years it has been in 
operation we have not heard of one complaint about odor or water quality.  The people who 
come into our communities and spread misinformation and lies to scare the public should be 
shut down.  There are rules set in place by the ND State Health Department for a reason and 
that is to protect the producer and the public equally.  If they see problems, they will have 
to be addressed before anyone can move ahead. 
 
Anything we can do in this great state to increase opportunities for young people to stay 
here and have a future in agriculture has to be done.  Don't let people scare you into 
believing things that are not true.  Ask questions of the people who have studied these 
issues and use science based facts, not scare tactics. 
 
Sincerely, 
 
Pam Brekke 
7205 99th Ave NE 
Edmore, ND 58330 
 



Sent: January 25, 2016 

To: NDDH 

 

To whom it may concern: 

I am concerned about the proposed large hog barn setup, as it will cause more odors and also the excess 

water runoff could potentially run down the ditch right in front of my house.  

I am a retired R. N. and farm wife who lives about 1 ½ mile from the proposed site. 

The value of my home will certainly go lower. In the near future I have plans to sell my home so I can 

move to a senior citizen facility. 

Sincerely, 

Ramona Fraase 

3687 743rd Ave SE 

Buffalo, ND 58011 

 







Received January 25, 2016 

 

To: NDDH 

 

To Whom it may concern, 

Reference to the application to build a pig facility SE of Buffalo, ND, 

I’m a 60 yr resident of Buffalo. We have worked hard to keep it attractive and thriving. I’m 

concerned about the proximity to the city’s only about 3 miles away.  

Buffalo has a high ground water level. Most homes run sump pumps almost yr round, even with 

tiling. In rainy seasons I can dig 6 inches deep in my back yard and hit water. If contamination 

from manure pits or other run off gets into the ground water it would affect many. It happened 

at Carrington!  

Other Concerns: 

1. Air quality- both odor & diseases 

2. House flies-bred in barn & compost 

3. Loss of property value 

It saddens me to see the way this is tearing our town apart. One of our local farmers has been 

threatened to have his winter job at NDSU taken away for speaking at the meeting. People have 

withdrawn their business from our CO-OP grocery store because of the Melvin interest in the 

store. 

Mrs. Ray Wiemest  
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Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Monday, February 01, 2016 10:13 AM
To: Strommen, Rachel A.
Subject: FW: I support approval for Rolling Green

 
 
-----Original Message----- 
From: Darren Olafson [mailto:olafsonenterprises@polarcomm.com]  
Sent: Monday, February 01, 2016 10:03 AM 
To: Lang, Jeremiah M. 
Subject: I support approval for Rolling Green 
 
Dear Environmental Engineer Lang, 
 
As a farmer and business owner in North Dakota, I strongly urge the DOH to approve the 
Rolling Green Family Farms new hog facility near Buffalo.  It appears that they are following 
the rule of law and we need more operations in the state that are good stewards and can help 
us stay strong in the world of animal agriculture. 
This "Not in my Backyard" approach is quite sickening.  It smacks of jealousy and opponents 
are attempting to use environmental issues to convince people from an emotional level to help 
stop this development, to stop progress.  I would hope that in North Dakota we can rely on 
common sense as opposed to emotional filibustering to make decisions that impact our future. 
I ask of the DOH to make sure to follow the facts and the rule of law to make sure that 
everyone is treated fairly.  We cannot allow a precedent to be set here that puts animal 
agriculture in the state of North Dakota at risk.   
Thank you for taking the time to read this and I trust that the department will do the right 
thing. 
 
Sincerely, 
 
Darren Olafson 
420 Main Ave 
Edinburg, ND 58227 
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Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Monday, January 25, 2016 7:42 AM
To: Strommen, Rachel A.
Cc: Rockeman, Karl H.
Subject: FW: Proposed Buffalo hog farm

Rachel,  
 
Here's another one for the file. 
 
Jeremy 
 
From: Glenn Muske [mailto:gamuske@gmail.com]  
Sent: Sunday, January 24, 2016 12:41 PM 
To: Lang, Jeremiah M. 
Subject: Proposed Buffalo hog farm 
 
I recently read about this proposed hog operation near Buffalo, ND.  I would oppose granting a permit for this 
business at this time.    
 
I don't live near it but was a citizen of OK for a number of years when they saw hog operations as a big 
economic driver. In hind sight, there are many that supported them initially that wish they would have taken a 
harder look at what the operation would bring 
 
Also it is interesting that a large confinement operation is proposed when industries such as poultry are looking 
to return more to a more animal-friendly environment.  
 
Yes, ag is a big ND economic driver but we need to move slowly down this slippery slope. We could have 
another oil situation on our hands.  
 
Glenn Muske 
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Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Thursday, February 04, 2016 7:26 AM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm

 
 
-----Original Message----- 
From: John Jacobson [mailto:johnj14@invisimax.com]  
Sent: Wednesday, February 03, 2016 7:57 AM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm 
 
Dear Environmental Engineer Lang, 
 
We have a tremendous economic opportunity in the state of North Dakota in regard to livestock 
expansion.  Growth in this area can provide opportunity for our rural communities in terms of 
economic growth directly from the activities of the farm and indirectly to crop farms in 
terms of a more competitive basis. 
 
These farms must go through the process and meet the requirements of the Department of Health 
and should not be stopped because of rhetoric and fear. 
 
I support the proposed pig farm near buffalo. 
 
John Jacobson 
 
Sincerely, 
 
John Jacobson 
14115 14th St NE 
Hatton, ND 58240 
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Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Monday, February 01, 2016 11:51 AM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm

 
 
-----Original Message----- 
From: Nathan Fegley [mailto:nfegley@srt.com]  
Sent: Monday, February 01, 2016 11:19 AM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm 
 
Dear Environmental Engineer Lang, 
 
I support the proposed hog farm in Buffalo because I know that with proper oversight of 
construction and management that there are very little environmental impacts.  The hog farm 
will have a tremendous economic impact on the area and spur other positive growth to the 
agriculture industry in North Dakota. 
 
Sincerely, 
 
Nathan Fegley 
10701 240th St NW 
Berthold, ND 58718 
 



From: Rockeman, Karl H.
Sent: Wednesday, January 20, 2016 8:11 AM
To: Strommen, Rachel A.; Lang, Jeremiah M.; Espe, Brady L.
Cc: Haroldson, Marty R.; Olson, Margaret I.
Subject: FW: Large scale hog production

Another comment for the record.  

This is a new one. Maggie, any idea on what he’s referring to?

Karl Rockeman, P.E.
Director
Division of Water Quality
North Dakota Department of Health
(701)328-5210

From: -Info-Dept. of Health 
Sent: Wednesday, January 20, 2016 8:03 AM
To: Rockeman, Karl H.
Cc: Glatt, Dave D.
Subject: FW: Large scale hog production

FYI
Londa

From: Sandy Azure [mailto:sandyazure12@gmail.com] 
Sent: Wednesday, January 20, 2016 6:20 AM
To: -Info-Dept. of Health
Subject: Large scale hog production

The state of ND is currently not taking into consideration titleV1 in allowing large scale hog farms. The 
state regulations are to weak and oversite is severely under- reserved to address the adverse impacts of 
industrial swine production.  The EPA and the state must take seriously the potential for discrimination.  
I ask the state to hold public hearings on all large scale hog production permit's to address this issue.  I 
ask the state to take another look at its permitting policy to better confirm to title V1 . Paul Azure 499 14 
th st n apt 101 wahpeton nd 58075
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Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Monday, February 01, 2016 9:31 AM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm

 
 
-----Original Message----- 
From: Rachel Bina [mailto:rachelbina@gmail.com]  
Sent: Monday, February 01, 2016 9:25 AM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm 
 
Dear Environmental Engineer Lang, 
 
Thank you for working with Rolling Green Family Farms on this project.  I understand the 
public concern, but if implemented correctly, can be a success story for North Dakota 
agriculture.  I am a grain farmer, very concerned about growing domestic uses of the feed 
grain crops grown in North Dakota.  If we can feed our grain crops to our animals locally, it 
is a win-win for our local economy.  If this farm can meet the implementation standards, then 
please continue to support this project.  Regards, 
 
Sincerely, 
 
Rachel Bina 
6588 Highway 32 
Park River, ND 58270 
 



1

Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Tuesday, February 09, 2016 1:31 PM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm

 
 
-----Original Message----- 
From: Gregory Mostad [mailto:gregory_mostad@hotmail.com]  
Sent: Tuesday, February 09, 2016 12:43 PM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm 
 
Dear Environmental Engineer Lang, 
 
I am a life long resident of North Dakota and supporter of agriculture.  From my days growing 
up on a farm, being involved in FFA in high school, and to my career working in agriculture, 
I am very passionate about preserving our agricultural roots in North Dakota. 
 
I support business growth and diversification in North Dakota. It's good for our economy.  
And a livestock farm is a business just like any other, so I support the proposed pig farm 
planned for Buffalo, North Dakota. 
 
For the future of North Dakota, it's important that young people have the opportunity to 
begin farming and ranching.  If we are going to shut down livestock expansion at the whim of 
the Not In My Backyard crowd, how will young people ever get started in agriculture?  I 
support the proposed pig farm near Buffalo, it's the right thing to do for the future of 
North Dakota. 
 
I'm in favor of the proposed pig farm near Buffalo that was in the news this week.  If the 
family has met all the requirements of the Health Department, they should be able to grow 
their business. 
  
If a new plastics manufacturer was looking to move to Buffalo, N.D., I doubt if they would 
face any opposition, so it's wrong for people to oppose expansion of another business, just 
because it happens to be a pig farm.  Business is business, and I support the proposed pig 
farm. 
  
Why are people opposed to this pig farm in Buffalo? They are working with the health 
department to meet all the requirements for public health and safety. There is no reason 
fear-mongering should stop this farm moving forward. 
  
Livestock expansion is good for North Dakota.  It's good for the grain farmers too, and I 
think we should welcome the pig farm near Buffalo.   
  
I'm in favor of the proposed new hog farm in Buffalo.  It's good for our rural communities to 
have growth, and growing livestock farms helps the other farmers in the area too.  Since the 
family involved is meeting Health Department requirements, why should anybody be allowed to 
stand in their way?   
 
Please take into consideration my comments.  I don't write public comments very often, but I 
feel very passionate about this issue and I want to support these people. 
 
Sincerely, 
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Gregory Mostad 
1935 Queensbury St 
West Fargo, ND 58078 
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Lang, Jeremiah M.

From: Pat Faul [pfaul@westriv.com]
Sent: Sunday, February 21, 2016 8:08 AM
To: Lang, Jeremiah M.
Subject: I support approval of the pig farm

Dear Environmental Engineer Lang, 
 
I am in favor  of the pig farm, any advancement in animal agriculture benefits farmers 
statewide. It also provides economic development for their community.  Rules are being 
followed, get it going! 
 
Sincerely, 
 
pat 
980 Highway 200 NE 
McClusky, ND 58463 
 































































































































































3-19-16 

Dear ND Department of Health, 

I am hoping that you will carefully consider the information shared by the Buffalo and surrounding area 
last Thursday.  

Please pay close attention to the type of soil that the manure is to be applied and the amount of land 
available.  I hope that soil expert’s information and testimony will be beneficial in your decision.  These 
areas are very close to water sources and our water needs to be protected.  

Please pay close attention to land elevations, water table, wells and how the water flows in our area. If 
this site is approved, there is a realistic fear of our environment, air, water, land and personal health 
being compromised.  Statements such as “If there is a problem we will fix it…” do not reassure me. How 
is the water and land quality in the Bakken area going to be fixed….when….how many years? Please 
protect us, and our future generations.  

Please pay close attention to the numerous individuals in close proximity who have realistic concerns 
regarding their health and well being. If their physicians express concern should not you?  

Our county is growing rapidly. Young families are building and moving out to our area. Logistically, many 
of them work in the Fargo area. They move here for several reasons including fresh air, quiet and space.  
This proposal, if approved will discourage growth, health and wellness for our area. Other CAFO in the 
state are located further away from towns and residents. I don’t understand why this is even considered 
an appropriate area.   

Please do not let the political pressures of our State Ag Department sway your decision. Protect our 
health, air, water and land. 

Thank you for reading and considering this input. 

Sincerely,  

Gwen Fraase  

3689 143rd Ave. SE Buffalo, ND 58011   
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Strommen, Rachel A.

From: Lang, Jeremiah M.
Sent: Monday, March 14, 2016 10:18 AM
To: Strommen, Rachel A.
Subject: FW: I support approval of the pig farm near Buffalo

 
 
-----Original Message----- 
From: Weston Dvorak [mailto:user@votervoice.net]  
Sent: Sunday, March 13, 2016 10:48 PM 
To: Lang, Jeremiah M. 
Subject: I support approval of the pig farm near Buffalo 
 
Dear Environmental Engineer Lang, 
 
The livestock industry is vitally important to the economy of North Dakota.  Its good for 
local grain farmers and if done correctly, is good for the environment.  I unconditionally 
support this hog farm in their application to the ND Dept. of Heath for their permit.  I 
trust that this operation have and will follow all state laws outlined in our States Century 
Code in regards to CAFO's.  I am a livestock feeding operation with our state and if this 
livestock operations meets all required rules and laws then i see it must not be held up by 
outside special interests that provide nothing but false information, unscientific 
information and feelings of fear and emotion.  Allowing these "emotion" based people to 
dictate to law abiding livestock operations is a very slippery slope nobody in production 
agriculture can allow to happen.   
 
It is the right thing for North Dakotas lack luster hog industry. It is good for grain 
operations with in the local area as they would be able to utilize a valuable resource in the 
liquid manure.  This will reduce the amount of chemical fertilizer being applied and is 
extremely valuable source of bioavailable nutrients. 
 
In closing I am in favor of the new hog farm being proposed by Buffalo.  The impact to the 
local communities to have growth, and growing livestock farms in an area that has such low ag 
diversity is going to be extremely beneficial. 
 
Thanks for your consideration. 
 
Sincerely, 
 
Weston Dvorak 
1740 104th Ave SW 
Manning, ND 58642 
cowndboy@yahoo.com 
 





North Dakota Department of Health 

Environmental Health Section  

918 East Divide Avenue  

Bismarck, ND 58501-1947 

Dear Sirs, 

I am commenting on the application of Rolling Green Family Farms RE, LLP for an “Approval to Operate” 

for a concentrated livestock operation under the authority of section 61-28-04 of the North Dakota 

Century Code. The application was submitted by Barry Kerkhaert, Owner, on November 25, 2015. The 

proposed   site is the SE ¼ Section 4 Township 139N Range 54W, Howes Township, Cass County, North 

Dakota. This is within Howes Township, which in 1992 availed itself of zoning authority as provided in 

NDCC 58-03. In the Howes Township zoning ordinances and regulations, new construction and buildings 

require a “Certificate of Zoning Compliance” or a “Conditional Use Permit.”  It is the perview of the local 

zoning authority, in this case Howes Township, to “Site” a facility such as the Rolling Green Family Farms 

RE, LLP proposal. 

Howes Township is responsible for siting any facility such as the proposed Rolling Green facility, and it’s 

zoning resolution, district map, ordinances and comprehensive plan are filed and were available with 

the Howes Township Clerk. Rolling Green Family Farms RE, LLP has never made an application for a 

conditional use permit or a certificate of zoning compliance with Howes Township. Howes township 

therefore has never sited any facility at SE ¼ Section 4 Township 139 N Range 54W. 

 On the third page of the “Application For Approval of Livestock Waste System” SFN 8296 (6/96), Block 

entitled “B”, the applicant is required to “please check on the following information and, if it is available, 

include it with the application:” Block B continues to require : “1. Any applicable zoning requirements 

(city, county, township)”.  This application was signed on the bottom of that same page by Barry 

Kerkaert that “I testify that, to the best of my knowledge, this information is correct and accurate.” 

Apparently , Mr. Kerkaert  failed to include with the ” Application For Approval  Of Livestock Waste 

System” the applicable zoning requirements, because a necessary conditional use permit or certificate 

of zoning compliance has never been applied for or issued.   

It is the responsibility of a person desiring to construct a facility in Howes Township to contact the 

township to comply with local zoning, as Howes Township is the local subdivision of the state and the 

local government. This is especially true in the light that Rolling Green family Farms RE,LLP has 

professional legal counsel that should be aware of the requirements of local governments, including  

North Dakota townships. Rolling Green Family Farms should also have been aware due to the fact that 

the person that they are acquiring the property from to build the proposed facility in Section 4 of Howes 

Township, Mr. Randy Melvin, was a Howes Township Supervisor and should know or should have known 

of the zoning requirements of the township that he sat as both a Zoning Commissioner, and as a 

Township Supervisor. 

The North Dakota Department of Health has always maintained, and has stated in numerous public 

hearings and meetings that the Department  does not site, and has insisted that the local zoning 



authority is responsible for siting facilities over which  the ND Department of Health has regulatory 

purview. The Department has also maintained that they work with the site that they are presented with 

to bring that site into regulatory compliance. 

Because the local zoning authority, Howes Township, has not sited any facility in Howes Township at 

Sec. 4, I believe that the North Dakota Department of Health has received an erroneous and incomplete 

Application For Approval For Livestock Waste System from Rolling Green Family Farms RE, LLP, and that 

the ND Department of Health should reject the application as incomplete and suspend or terminate the 

application process until such time as Rolling Green Family Farms RE, LLP can make a new application, 

complete with the required applicable zoning requirements. 

 

Todd Leake 

2371 10th Ave. NE 

Emerado,  ND 58228 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Monday, March 21, 2016 10:31 AM
To: Haroldson, Marty R.; Strommen, Rachel A.
Subject: FW: Rolling Green Family Farms, RE, LLP Water Permit

More comments for the record. 
 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 

From: Glen Philbrick [mailto:glen.philbrick@gmail.com]  
Sent: Friday, March 18, 2016 10:19 PM 
To: Rockeman, Karl H. 
Subject: Re: Rolling Green Family Farms, RE, LLP Water Permit 
 
Dear Mr. Rockeman, 
 
Upon reading the permit application for the water permit for Rolling Green Family Farms, RE, LLP, I have 
some concerns.  Wind is a frequent occurrence in the state and the proposed facility is close to a town not to 
mention other residents.  There is nothing in the plan to deal with odor.  Having traveled to area with CAFOs, 
the odor was apparent and overwhelming, even in distances in excess of two miles. This would be unfortunate 
for the community and irreversible once the facility is in operation. 
 
The plan includes somewhat of a paper trail if the manure changes hands but who is really monitoring this?  
Too much manure in any one location will result in a negative impact.  Are there any assurances too much 
manure will not be dumped in any one location including locations above aquifers?  Is it assumed that all parties 
handling manure will be honest?   
 
If the following issues cannot be resolved I urge a no vote. 
 
I look forward to hearing from you. 
 
Glen  
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Monday, March 21, 2016 10:29 AM
To: Strommen, Rachel A.; Haroldson, Marty R.
Subject: FW: Testimony - Hog Facility Proposal - Buffalo
Attachments: IndustrializedFarmingonCommunity.pdf

Importance: High

More comments for the record. 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 
 
-----Original Message----- 
From: craig wendt [mailto:craigawendt@hotmail.com]  
Sent: Friday, March 18, 2016 11:31 PM 
To: Rockeman, Karl H. 
Subject: Testimony - Hog Facility Proposal - Buffalo 
Importance: High 
 
I hereby submit this testimony in opposition to the proposed Rolling Greens Family Farms 
9,000-hog facility outside of Buffalo, ND. 
 
I oppose the construction of this site due to the detrimental affects that this facility 
would impose on my community. 
 
The attached report was prepared for the State of North Dakota, Office of Attorney General, 
in September of 2006. In section IV. SUMMARY AND CONCLUSIONS, this report concludes "that 
public concern about the detrimental community impacts of industrialized farming is 
warranted". 
 
Some highlights from section IV of this report include: 
 
* In brief, this conclusion rests on five decades of government and academic concern with 
this topic, a concern that has not abetted but that has grown more intense in recent years, 
as the social and environmental problems associated with large animal confinement operations 
have become widely recognized. It rests on the consistency of five decades of social science 
research which has found detrimental effects of industrialized farming on many indicators of 
community quality of life, particularly those involving the social fabric of communities. And 
it rests on the new round of risks posed by industrialized farming to Heartland agriculture, 
communities, the environment, and regional development as a whole. 
 
* More recent studies reported environment impacts. Because large animal confinement 
operations house densely concentrated livestock, they are prone to a host of negative 
environmental impacts on water, air, and human health. 
 
* Given the relative consistency of past research, the studies such as Crowley’s (1999), 
Crowley and Roscigno’s (2004), and Welsh and Lyson’s (2001) which specifically analyzed North 
Central states, including North Dakota, and research focused on neighboring states in the 
region, there is every reason to expect that the conclusions drawn here apply to North 



2

Dakota. From the social science literature, we can anticipate four sets of impacts of 
industrialized farming for farming-dependent communities in Heartland states such as North 
Dakota: impacts on socioeconomic well-being, social fabric, the environment, and regional 
imbalances. 
 
* Communities that gain new industrialized farming will encounter stresses in the social 
fabric; community decision-making is likely to be more subject to corporate farm interests; 
and in the case of large livestock confinement operations, communities will be at risk for 
environmental and health problems, entailing the need for state and local government 
intervention. 
 
See the entire report at this link: 
http://www.nffc.net/Learn/Reports/IndustrializedFarmingonCommunity.pdf 
 
I insist that the North Dakota Department of Health deny the permit requested by Rolling 
Greens Family farms for this CAFO or any other. 
 
Think about this: If the fans in this facility shut down, everything dies. But yet it's ok 
for these toxic gases to be released into our air? Tell me how you can guarantee that this 
pollution has no affect on people living in the area. 
 
Thank you, 
Craig Wendt 
3805 139 Ave SE 
Buffalo, ND 58011 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Monday, March 21, 2016 10:29 AM
To: Strommen, Rachel A.; Haroldson, Marty R.
Subject: FW: Testimony - Hog Facility Proposal - Buffalo
Attachments: IndustrializedFarmingonCommunity.pdf

Importance: High
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region, there is every reason to expect that the conclusions drawn here apply to North 
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it rests on the new round of risks posed by industrialized farming to Heartland agriculture, 
communities, the environment, and regional development as a whole. 
 
* More recent studies reported environment impacts. Because large animal confinement 
operations house densely concentrated livestock, they are prone to a host of negative 
environmental impacts on water, air, and human health. 
 
* Given the relative consistency of past research, the studies such as Crowley’s (1999), 
Crowley and Roscigno’s (2004), and Welsh and Lyson’s (2001) which specifically analyzed North 
Central states, including North Dakota, and research focused on neighboring states in the 
region, there is every reason to expect that the conclusions drawn here apply to North 
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Dakota. From the social science literature, we can anticipate four sets of impacts of 
industrialized farming for farming-dependent communities in Heartland states such as North 
Dakota: impacts on socioeconomic well-being, social fabric, the environment, and regional 
imbalances. 
 
* Communities that gain new industrialized farming will encounter stresses in the social 
fabric; community decision-making is likely to be more subject to corporate farm interests; 
and in the case of large livestock confinement operations, communities will be at risk for 
environmental and health problems, entailing the need for state and local government 
intervention. 
 
See the entire report at this link: 
http://www.nffc.net/Learn/Reports/IndustrializedFarmingonCommunity.pdf 
 
I insist that the North Dakota Department of Health deny the permit requested by Rolling 
Greens Family farms for this CAFO or any other. 
 
Think about this: If the fans in this facility shut down, everything dies. But yet it's ok 
for these toxic gases to be released into our air? Tell me how you can guarantee that this 
pollution has no affect on people living in the area. 
 
Thank you, 
Craig Wendt 
3805 139 Ave SE 
Buffalo, ND 58011 
 



 1

Industrialized Farming and Its Relationship to Community Well-Being:  
An Update of a 2000 Report by Linda Lobao 

 
 
 
 
 
 
 
 
 
 
 
 

Prepared for the State of North Dakota, Office of the Attorney General 
 
 
 
 
 
 
 
 
 
 

by 
 
 

Curtis W. Stofferahn 
Professor, Rural Sociology 
Department of Sociology 

The University of North Dakota 
Grand Forks, ND 58202 

 
 
 
 
 
 
 
 
For Case: State of North Dakota versus Crosslands  
North Dakota District Court 
September, 2006 



 2

Note: This report is a response to a request from the State of North Dakota to review past 
social science research on the effects of industrialized farming on community well-being. This 
review builds upon a similar review conducted by Dr. Linda Lobao in 2000.  As author of the 
book Locality and Inequality:  Farm and Industry Structure and Socioeconomic Conditions 
(SUNY Press, 1990), Dr. Lobao is the authoritative source on the relationship between industri-
alized farming and community well-being  She is a professor of rural sociology in the Depart-
ment of Human and Community Resource Development at The Ohio State University.    This 
update to her 2000 review of the literature since the publication of her book focuses on the 
consequences of industrialized farming on community well-being irrespective of whether these 
effects were detrimental, positive or mixed.   Thus, a comprehensive review of the literature 
included all studies in this area, regardless of their conclusions. 
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INTRODUCTION 
 
 Public concern about the consequences of non-family owned and operated, industrialized 
farms for communities dates back to the 1920s (Boles and Rupnow 1979).1  The first published 
research on the topic appeared in the 1930s.  Since then, government and academic researchers 
have produced numerous studies showing the potential for adverse impacts on community life.  
The bulk of evidence indicates that public concern about the detrimental community impacts of 
industrialized farming is warranted  This report summarizes results from more than five decades 
of research that has investigated the relationship between non-family industrialized farming and 
community well-being.  The purposes are: (1) to document the types of studies that have been 
conducted on the topic; (2) to delineate their results as to whether adverse consequences were 
found; and (3) to document the aspects of community life that may be jeopardized by industrial-
ized farming. 
 This report is based on empirical results and observations drawn from Lobao’s own 
research as well as from that of other social scientists.  Observations are grounded in her  
longstanding research on farm change and its impacts on communities and families (Barlett, 
Lobao, and Meyer 1999; Belyea and Lobao 1990; Kenney, Lobao, Curry, and Goe 1989; Lasely, 
Leistritz, Lobao, and Meyer 1995; Lobao 1987, 1990; Lobao and Jones 1987; Lobao and 
Meyer1995a, 1995b, 1997; Lobao and Schulman 1991; Lobao, Swanson, and Schulman 1993; 
Lobao and Thomas 1988; Lobao and Thomas 1992) as well as her research on the broader topic 
of community development (Lobao 1993a,b,c, 1996, 1998; Lobao and Rulli 1996; Lobao, Rulli 
and Brown 1999).  The previous research has been funded by major federal competitive grants 
programs, such as the National Science Foundation and USDA-National Research Initiative 
Competitive Grants Program, as well as state and regional sources, such as the North Central 
Regional Center for Rural Development. The previous studies are published in the top-ranked 
journals in several fields, sociology, rural sociology, geography, family studies, and community 
development.  For specific empirical examples in this report, she draws primarily from her book 
Locality and Inequality: Farm Structure and Industry Structure and Socioeconomic Conditions 
(State University of New York Press, 1990), the most recent, comprehensive sociological 
volume published on farm structure and community well-being.  Our comments and conclusions 
also are based on a systematic review of fifty six studies on the topic of industrialized farming 
and community well-being.  For this report, we updated a review (Lobao 2000) which was an 
update of a previously published review (Lobao 1990) by including studies that were conducted 
since 2000 on the topic of industrialized farming and community well-being.  
 The industrialization of farming refers to the transformation whereby farms have become 
larger-scale, declined in number, and integrated more directly into production and marketing 
relationships with processors through vertical or contractual integration (Drabenstott and Smith 
1996:4).  In the past two decades, farms in the farming-dependent Heartland states,2 which 

 
 1  Boles and Rupnow (1979: 471) state that public concern about corporate influence in farming began in 
the 1920-30 period when concern about large, publicly held corporations centered on fears about the effect of 
mechanization, foreclosure of farm land mortgages held by corporations, and corporate monopoly of land. 

2  The states forming the nation’s farm heartland extend from the Mississippi River to the Rocky Mountains 
and from Texas to Canada.  These states are Colorado, Iowa, Kansas, Minnesota, Missouri Montana, Nebraska, New 
Mexico, North Dakota, Oklahoma, South Dakota, and Wyoming (Barkema and Drabenstott 1996:1).  More than 
two-thirds of the nation’s farm-dependent counties are located in these states.      
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include North Dakota, declined by roughly one-fourth while average acreage grew by one-fourth 
to about 750 acres (Barkema and Drabenstott 1996:62).  As the number of farms declines, 
production becomes concentrated on larger farms.  Nationally, small farms (defined here as those 
having annual gross sales less than $50,000) made up nearly three-quarters of the nation’s farms 
in 1995 but they produced only about 8% of sales, while the top two percent of farms (those with 
sales of over a half million dollars annually) accounted for 44% of all sales (Sommer et al. 
1998:10).  Half of the nation’s agricultural sales are produced by three percent of farms (Sommer 
et al. 1998:8). 
 Accompanying the growth of scale of operations are organizational changes in farming.  
These include an increase in the relative proportion of hired to family labor and greater use of 
incorporation3 as a form of legal organization.  Another organizational shift is the movement 
toward a more integrated industry from farm to grocery, whose “hallmark” is “contract produc-
tion and vertical integration that is linking farmers, food processors, seed companies, and other 
agribusiness” (Barkema and Drabenstott 1996:64). Vertical integration refers to operation of 
farms by firms that also operate in at least one other stage of the food chain, such as input 
supply, processing, and marketing.  Examples of vertically integrated firms are large livestock 
producer/processor enterprises, such as Seaboard Corporation and Tyson.  In addition to their 
direct involvement in farm production, agribusiness firms contract with farmers for goods and 
services.  Two types of contracting arrangements should be distinguished.  Marketing contracts 
are used by independent operators to reduce their exposure to market price swings; these 
contracts stipulate a commodity price or pricing mechanism for delivered goods and are used 
mainly for crop and dairy commodities.  Production contracts involve cost sharing arrangements 
and/or payment for operators’ services usually for livestock production except for dairying.  On 
farms using production contracts, the largest share of farm sales accrues to the contractor (an 
agribusiness processor and/or producer), with the operator generally receiving a fixed fee for 
services (Sommer et al. 1998:16-17).  Production contracts extend agribusiness firms into direct 
farm production using the vehicle of the local farmer.  To sociologists, production contract farms 
are an integral component of the agribusiness chain in which agribusiness firms, depending on 
corporate strategy, may enter farming through direct operation of their own units and/or through 
employing local farmers to participate in production home-work.  Sociologists are concerned 
with contract farming because of the risks it poses to agrarian social structure, communities, and 
families.4

 
3  In 1995, more than 98% of the nation’s 2.07 million farms were classified as family operations.  Ninety-

one percent were sole proprietorships and five percent were partnerships.  Only three percent of all farms were 
incorporated, and of these, 86% were considered family-held corporations by USDA as they had ten or less 
stockholders (Sommer et al.1998: iv). 

 4 Sociologists are concerned with contract farming insofar that: it alters agrarian social structure by creating 
a segment of farmers who are the structural equivalent of factory production home-workers; it extends the influence 
of industrialized farming in a community; and it erodes formally independent operators’ autonomy in direct 
production, farm decision-making and control over assets.  Sociologists also are concerned with the general well-
being of contractees (operators) and their families given their asymmetrical relationship in bargaining power with 
agribusiness firms.  There is an inherent structural imbalance in contract farming and the degree to which this 
imbalance is manifest will vary, given specific contract arrangements.  In principle, production contracts are used to 
share risks and costs of production between contractee and contractor.  In practice, the bargaining power of external 
agribusiness is likely to result in a greater of share of risks and costs of production borne by contractees and their 
families.  
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 In classifying farms as “industrialized” or “family” social scientists distinguish between 
the construct (an ideal-type concept) and its actual measurement (variables used to define the 
concept in practice).5 “Family” farms and “industrialized” farms are constructs at opposite ends 
of the farm continuum.  To sociologists, the construct “family farm,” is that where the farm 
household owns and controls the majority of farm production factors, land, labor, capital, 
technology, and management.  At the other end of the farm continuum, the construct, “industrial 
farm,” refers to a non-household based production unit, with absentee ownership and control 
over production factors.  As with nonfarm firms, industrialized farms have a division of labor 
among owners, managers, and labor with different groups of people assigned to different 
positions in the production process.  Industrial farms “...are owned by one group of people, 
managed on a daily basis by another person or group, and worked by yet another group” 
(Browne et al. 1992:30).  Between these “ideal-type” descriptions of family and industrialized 
farms are other arrangements in organizing farming, such as part-owner farming (a form of 
family farming where the operator both owns and rents-in land).  Again, these are “ideal-type” 
constructs whose specific definition and measurement must depend upon the time period and 
public context. 
 When social scientists refer to “industrialized” farms, they invariably are referring to both 
scale and organizational characteristics of the farm unit. 6  In general, but not always, scale will 

 
 5 Different classifications of farms have been developed over the years because the structure of agriculture 
is continually changing.  The term “farm structure” or “agricultural structure” “refers to a broad set of characteristics 
that describe U.S. farms, as well as the distribution of farm production resources and returns to those engaged in 
farm production activities”(Sommer et al. 1998:6). Sommer et al. (1998:6) provide a useful overview of the criteria 
used to classify farms:  
 

Producing units (farms and ranches) may be categorized by farm size (value of sales or number of acres), 
primary output, and geographic location.  Farm businesses may be delineated by form of legal organization, 
degree of land ownership, marketing or production contractual arrangements, and financial position.  Farm 
operators may be described by age, education, and primary occupation.  Finally, farm households may be 
characterized by features of their associated farm businesses and interaction with the nonfarm sector, such 
as off-farm employment or income from non-farm sources.  Any or all of these elements can be used to 
construct a structural portrait of farming in the Nation. 

 
  For sociologists, family farming is identified by whether the family unit owns a majority of capital 
resources, such as land, machinery, buildings, makes the majority of managerial decisions, and provides the bulk of 
labor (Goss et al. 1980).  Social scientists often use farm scale as a proxy-measure to classify farms, because it is 
simple, clear, and often correlated with organizational characteristics of units.  A recent USDA report classifies 
“commercial farms” as those with $50,000 or more in gross sales and “small farms” as those with gross sales less 
than $250,000 (Sommer et al. 1998:69).  Family farms (organized as sole proprietorships, partnerships, or family 
corporations) with gross sales over $250,00 are classified as “large-family farms,” while “non-family farms” are any 
farms organized as nonfamily corporations, cooperatives, and farms operated by hired managers (Sommer et al. 
1998:72).  
 
 6 Social scientists measure industrialized farming by both scale and organizational variables.  Scale is 
usually measured by sales and sometimes by acreage and real estate and for livestock operations, animal inventory.  
The actual dollar value for scale indicators used by analysts to indicate a “large-scale” farm will obviously vary by 
the time period of study.  In addition, what is considered a “large-scale farm” also varies by regional context and 
commodity.  Organizational measures of industrialized farming include: vertical integration of corporations into 
farming; production contract farming arrangements; absentee ownership of production factors; dependency on hired 
labor; operation by farm managers, as opposed to material operation by family members; and legal status as a 
corporation (family or non-family) or syndicate. 
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coincide with organization.  That is, large-scale farms (relative to smaller farms) are more 
dependent on hired labor and managers and more likely to have absentee owners, to be incorpo-
rated, and to be vertically integrated with agribusiness.  For example, in 1995, mean gross sales 
of corporate farms were $576,925 as compared to $54,287 for sole proprietorship farms and 
$218,795 for farms organized as partnerships (Sommer et al. 1998:15).  Farms with production 
or marketing contracts also tend to be larger.  In 1995, farms with marketing contracts (about 
11% of all farms) had mean gross sales of $242,888; while farms with production contracts 
(2.3% of all farms) had mean gross sales of $617,858  (Sommer et al. 1998: 12).  For the 
purposes of this review, we use the umbrella term “industrialized farm” to refer to both scale and 
operating characteristics of industrialized farms.  We also distinguish between scale and 
operating characteristics where it is useful and feasible to do so. 
 The discussion below is organized in four sections. (I) The first section discusses the 
history of government and academic concern about the risks of industrialized farming for 
community well-being, from the 1930s to the present.  (II) The second section summarizes the 
findings from Lobao’s research and that of colleagues.  (III) The third section reviews findings 
from five decades of social science research.  It is divided into several sub-sections discussing, 
respectively: (A) research issues involved in analyzing industrialized farming and community 
impacts, focusing on indicators of industrialized farming and types of consequences that a 
summary evaluation must consider; (B) the various research designs used to assess the conse-
quences of industrialized farming; (C) a summary of the results of past studies as to whether 
detrimental impacts were found; (D) examples of recent sociological studies conducted on the 
topic; and (E) the potential for regional imbalances due to industrialized farming.  (IV) The final 
section is a summary and conclusions. 
 It should be noted that public concern about industrialized farms extends beyond the 
well-being of states and their communities.  Rather, public as well as academic concern extends 
to national food system issues, such as agribusiness concentration, consumer health, food safety, 
and sustainability of the national eco-system.  The immediate effects of industrialized farms, 
however, are on the day-to-day lives of people residing in the places where these farms are 
located.  It is also at this level, that social scientists have conducted a great deal of research over 
a long period of time.  For these reasons, this report deals with the consequences of industrialized 
farming for well-being at the community level. 
 
I.  HISTORY OF PUBLIC, GOVERNMENT, AND ACADEMIC CONCERN WITH 

THE CONSEQUENCES OF INDUSTRIALIZED FARMING 
 
 More than a half century of research centers on the potential detrimental social conse-
quences of industrialized farming.  Since the 1930s, government and academic researchers have 
investigated the extent to which large scale, industrialized farms adversely affects the communi-
ties in which they are located.  One of the first series of studies was conducted by a sociologist, 
E.D. Tetreau (1938, 1940), who found that large scale, hired-labor dependent farms were 
associated with poor social and economic well-being in rural Arizona communities.  
 In the early 1940s, the United States Department of Agriculture sponsored a research 
project on the effects of industrialized farming using a matched-pair of two California communi-
ties, Arvin where large, absentee-owned, non-family operated farms were more numerous, and 
Dinuba, where locally owned, family operated farms were more numerous.  The report on this 
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project was prepared by Walter Goldschmidt, a USDA anthropologist.  The purpose of the study 
was to assess the consequences of a California law with a provision placing acreage limitations 
on large farms located in California’s Central Valley, so as to support family-size farms in the 
region.  Goldschmidt (1978a: 458) notes that: “Large landholders throughout the state and 
corporate interests generally opposed this provision while diverse church and other agrarian-
oriented interests wanted this law applied to California. The comparative study of Arvin and 
Dinuba...was designed to determine the social consequences that might be anticipated for rural 
communities if the established law was applied or rescinded.” Goldschmidt later became 
President of the American Anthropological Association and remains one of our nation’s leading 
anthropologists. 
 In his report, Goldschmidt (1978a) systematically documented the relationship between 
large-scale farming and its adverse consequences for a variety of community quality of life 
indicators.  Goldschmidt (1978a) found that, relative to the family farming community, Arvin’s 
population had a small middle class and high proportion of hired workers.  Family incomes were 
lower and poverty was higher. There were poorer quality schools and public services, fewer 
churches, civic organizations, and retail establishments.  Arvin’s residents also had less local 
control over public decisions, or “lack of democratic decision-making,” as local government was 
prone to influence by outside agribusiness interests.  By contrast, family farming Dinuba had a 
larger middle class, better socioeconomic conditions, high community stability and civic 
participation.  Goldschmidt’s report was eventually published as Congressional testimony (1968) 
and as a book (1978a).  Goldschmidt’s conclusion that large scale industrialized farms create a 
variety of social problems for communities has been confirmed by a number of subsequent 
studies.  One criticism of Goldschmidt’s (1978a) research was published by agricultural 
economists Hayes and Olmstead (1984).  They did not challenge Goldschmidt’s (1978a) 
conclusion that large scale, industrialized farms have adverse community impacts.  Rather they 
argued that Arvin and Dinuba were not as closely matched research sites in the 1930s as 
Goldschmidt had intended.  Nearly four decades after Goldschmidt’s study, the state of 
California, through its Small Farm Viability Project (1977:229-230), affirmed Goldschmidt’s 
conclusions by re-visiting Arvin and Dinuba.  They concluded that: “The disparity in local 
economic activity, civic participation, and quality of life between Arvin and Dinuba...remains 
today.  In fact, the disparity is greater.  The economic and social gaps have widened.  There can 
be little doubt about the relative effects of farm size and farm ownership on the communities of 
Arvin and Dinuba.” 
 As the structure of U.S. agriculture has evolved towards larger and fewer farms, and 
government and academic researchers have continued to investigate the extent to which large-
scale, non-family owned and operated industrialized farms adversely affect communities.  
Congress has conducted inquiries, such as that by Senate Subcommittee on Monopoly dealing 
with Corporate Secrecy and Agribusiness, in which rural sociologists and agricultural economists 
provided testimony in 1973 about the dangers to communities posed by increasing corporate 
control of agriculture (Boles and Rupnow 1979:468-469).  The Office of Technology Assess-
ment (OTA), concerned that the relative growth of large scale industrialized farms might have 
adverse impacts on communities, commissioned a series of research papers on the topic.  The 
OTA research came as a request from Congress and was published first as a report (U.S. 
Congress, Office of Technology Assessment 1986) and later as a book (Swanson 1988).  Federal 
and state funding has been directed to at least two Agricultural Experiment Station projects that 
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assess the community consequences of large scale, non-family farms: Project S-148 “Changing 
Structure of Agriculture: Causes, Consequences, and Policy Implications” (1982-1986);” and 
Project S-198 “Socioeconomic Dimensions of Technological Change, Natural Resource Use, and 
Agricultural Structure” (1986-1990).  The later project resulted in a book monograph on the 
consequences of industrialized farming for communities (Lobao 1990) among other publications.  
 In the 1990s, public concern with industrialized farming has centered particularly on 
large integrated livestock producer/processor enterprises.  Recent studies supported by the North 
Central Regional Center for Rural Development (1999), the University of Missouri Agricultural 
Experiment Station (Seipel, Kleiner, and Rikoon 1998; Seipel, Hamed, Rikoon, and Kleiner 
1998), and Duke University Medical School (Schiffman 1998) have documented a variety of 
adverse impacts of these enterprises on communities, households, and individuals. 
 In summary, there has been over fifty years of public, academic, and government concern 
that large-scale, industrialized farms jeopardizes community well-being.  This concern has 
resulted in numerous studies, in government sponsored reports, and in Congressional Hearings.  
In the 1990s, public concern with industrialized farming has increased due to the problems posed 
by large-scale animal confinement operations.  Social scientists have responded to this increased 
public concern by initiating a number of recent projects---leading to a new generation of 
literature on the community consequences of industrialized farming. 
 
II.  RESEARCH BY LOBAO AND COLLEAGUES 
 
 The most recent, comprehensive sociological study on the effects of industrialized and 
family farming on communities was conducted by Lobao (1990).  This study examined 
relationships across more than 3,000 U.S. counties.  The study used both farm scale and 
organization to measure farm structure; examined direct and indirect consequences of farming 
patterns; and examined long-term and immediate relationships for two time periods, 1970-1980.  
To measure community outcomes, the study focused mainly on socioeconomic well-being 
indicators (median family income, poverty, and income inequality between families measured by 
the gini coefficient7) but also included of community social disruption (births to teenagers) and 
health status (infant mortality).  The study examined the effects of three different community 
farm structures: “smaller family farming” (small, part-time family farms); “larger family 
farming” (moderate-size, capital-intensive, family-operated units using little hired labor), and 
industrialized farming (large scale, hired-labor dependent farms).  The community farming 
structures were constructed based on research by Wimberley (1987).  Each of the measures of 
farm structure was a composite of scale and organizational indicators, created through a 
statistical technique called factor analysis.  Multivariate statistical methods, regression and 
discriminant analysis, were used to analyze the effects of the three farm structures net of other 
community conditions, including non-farm industrial employment, establishment size of local 
businesses, human capital and demographics characteristics of the population (educational 
attainments, ethnicity), unemployment, social welfare payments, unionization, and spatial 
factors, such as region of the country.  

 
 7 The gini coefficient is used by the federal government to document income inequality in the United States 
and is the measure used most frequently in recent studies of economic development across spatial units such as 
counties (Lobao et al. 1999). 



 9

                                                          

 The findings were the following.  There was consistent support that moderate-size family 
owned and operated farms benefit communities.  Counties where these types of farms (i.e., larger 
family farming) predominated had better socioeconomic well-being (lower family poverty, 
higher median family income, lower unemployment, and lower infant mortality).  The beneficial 
effects of this family farming were found across the U.S., for two time points, 1970 and 1980.  
Moreover, this type of farming continued to result in beneficial effects over time.  Counties 
where larger family farming was greater in 1970 continued to have better socioeconomic well-
being over time.  This study indicates that the “high road” to community development is a 
farming system based on moderate-size family operations.  Such farming not only increases 
aggregate well-being, as indicated by income levels, but it also sustains a larger middle class, as 
indicated by lower income inequality and poverty, and thus allows more families to benefit from 
income produced. 
 However, where industrialized farming was greater, there were mixed effects on 
community well-being: either detrimental or no statistically significant impacts.  For example, 
industrialized farming had no relationship with family poverty or median family income at either 
of two single time points (1970 and 1980).  Industrialized farming, however, was related to 
higher income inequality at both time points, and also to lower family income, higher poverty, 
and higher income inequality across time, over the decade from 1970-1980 (i.e., counties with 
greater industrialized farming in 1970 experienced relative declines in socioeconomic well-being 
over the decade).  The finding that industrialized farms are associated with high income 
inequality indicates that this farming segments social class structure by polarizing families into 
richer and poorer income groups.  Income polarization is related to other social problems, such a 
crime and other breakdowns in community social fabric.  The study also found that where very 
small farms predominated, well-being was poorer.  This indicates that reseachers should 
distinguish between small and moderate family operated units in assessing consequences for 
well-being.  Smaller family farming tends to predominate more in the South. 
 As would be expected in a post-industrial society, nonfarm manufacturing and service 
employment were stronger predictors of community well-being than farming.  However, it is 
important to note the study found that farming, nonfarm industry, and other local characteristics 
were interrelated, mutually sustaining a population in a locale.8  Good quality farms and high 
quality local employment were interrelated, with “larger family farming” associated with greater 
employment in high wage manufacturing and other beneficial sectors. The study offered 
consistent support that when farming is an economic development strategy of choice, moderate-
size family farms are best for communities. 
 
 
 

 
 8  That farming has a smaller impact on community well-being than does nonfarm industry is expected even 
for communities highly dependent on farming.  Farming is interrelated with local nonfarm industry and other 
sectors, forming a community livelihood strategy which sustains a population in a locale.  Communities where 
larger family farming predominated had greater high wage, durable manufacturing employment and greater 
employment in local schools and retail industries.  Communities where industrialized farming predominated had 
greater employment in lower wage manufacturing such as food processing, less employment in education, health, 
and retail services, a higher minority population, and provided relatively higher per capita benefits to welfare 
recipients.  
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 This research on farming systems and community and regional well-being has been 
elaborated in other articles (Kenney, Lobao, Curry, and Goe 1989; Lobao 1987, 1993c, 1996, 
1998; Lobao and Jones 1987; Lobao and Schulman 1991; Lobao, Swanson, and Schulman 1993; 
Lobao and Thomas 1992). 
 One of the most recent sociological analysis on industrialized farming and inequality is 
that conducted by one of Lobao’s students (Crowley, 1999; Crowley and Roscigno, 2004).  This 
1999 study is a Masters’ thesis in Sociology supervised and reviewed by four faculty members in 
the Department of Sociology at The Ohio State University, including Lobao. The methodology 
used in the study is similar to that followed in Lobao (1990), but the indicators of farm structure 
differ.  Crowley’s research extends past work by examining the effects of farm sector concentra-
tion and by updating research to the 1990 period.  It should also be noted that her work is more 
comprehensive than other recent research (reported below) in that she specifies direct and 
indirect paths by which farm concentration affect community well-being.  By farm concentra-
tion, Crowely (1999) means that a few large farms hold a disproportionate share of farm property 
in a community.  Crowley notes that concentration of business property is important to sociolo-
gists because they see concentration as conferring both economic and political power to those 
who control resources in a community.  Concentration of farm property also constrains the 
options of local family farmers to pursue their interests and realize economic gains.  Crowley 
(1999) analyzed the effects of farm concentration using several indicators, (concentration of 
land, value of land and buildings, and the value of equipment and machinery, indicators 
measured by the gini coefficient) and data for all (1053) counties in the North Central U.S. 
(Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, Ohio, North Dakota, 
South Dakota, and Wisconsin).  She analyzed consequences of these dimensions of farm-sector 
concentration for local levels of family poverty and family income inequality net of other 
community characteristics.  Using multivariate regression analysis, she controlled for the 
influences of labor market, demographic, spatial, and other farm structure characteristics.  In 
counties where farm sector concentration was higher (i.e., a few large farms held a dispropor-
tionate share of local property in land and real estate), there was significantly higher poverty 
among families and significantly greater income polarization between families.  Also, where 
farm concentration was higher, residents had lower education. 

In the 2004 study, Crowley and Roscigno documented how concentration of agricultural 
resources shapes rural community stratification through the political economic process.  In 
addition to measures of farm sector resource concentration (value of land, real estate, machinery 
and buildings), measured by the gini coefficient, and labor endowment (percentage of county 
work force employed in core, extractive, competitive, and state sectors), they included measures 
of political process (proportion of votes in presidential election for Democratic Party, average 
household payment rates, average per farm county level spending on agricultural assistance), and 
worker power attributes (percent of manufacturing employees that are unionized, proportion of 
population that are minority, percentage of 25+ population with a high school diploma, and 
proportion of labor force unemployed).  Using data for all (1053) counties in the North Central 
U.S. they found that dimensions of farm sector concentration shape both poverty and inequality.  
Furthermore, they found that farm sector concentration is explained by political economic 
processes, and these processes mediate the negative effects of land concentration on economic 
well-being.  In particular, they found that relative to large scale farms, capital concentration 
promotes government spending that benefits large farms while it blocks government or labor-
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market programs that assists farmers whose farms it consumes and farm workers it exploits.  
These attempts are evident by the increased funding for agricultural research which benefits 
large farms, decreased redistribution efforts through transfer payments to benefit small farms and 
workers, decreased political consciousness through lower levels of Democratic party support, 
and reduced labor power through lower unionization rates and education and higher unemploy-
ment and minority representation. 
 To provide a balanced assessment of the consequences of industrialized farming, it is 
useful to review the past findings of other investigators, using different methodologies, for 
different time periods, and from different disciplines.  In the following sections, we discuss the 
types of studies conducted on the relationship between industrialized farming and community 
well-being and their conclusions.   On balance, the social science evidence accumulated from 
these and other studies supports public, academic, and government concern about the potential 
risks of industrialized farming.  Recent research indicates the public’s welfare is at risk in at least 
four major areas.  Industrialized farming: (1) has a detrimental impact on certain aspects of 
socioeconomic well-being; (2) disrupts the social fabric of communities; (3) poses environmental 
threats where livestock production is concentrated; and (4) is likely to create a new pattern of 
“haves and have nots” in terms of agricultural production, whereby some communities gain 
large, industrialized farms (and attendant social problems) and others lose their farming base as 
production becomes concentrated elsewhere in the state and regional economy. (Drabenstott and 
Smith 1996:4)  
 
III.  REVIEW OF PAST RESEARCH ON INDUSTRIALIZED FARMING AND 

WELL-BEING  
 
 Over the past half century, numerous studies, spanning different time periods and regions 
of the county have tended to find that large-scale industrial farming has detrimental community 
impacts.  This does not mean that every study has produced these results--but rather that:(a) 
empirical evidence accumulated over the years shows a repeated trend that large-scale industrial-
ized farms have adverse impacts on a number of different indicators of community well-being; 
and (b) that this trend is sufficiently established in the social sciences, to the point that almost all 
sociological studies begin with the working hypothesis (research expectation) that large scale 
industrial farms will have adverse community effects.  The extent to which past research 
supports this hypothesis is discussed below.  It should be stressed that no single study can 
provide a definitive answer as to whether large-scale industrialized farming will or will not 
adversely affect public well-being in any particular region or state.  This is due both to the 
complexity of the research question and to the lack of existing data required to fully analyze it.  
At best, a single study can assess the extent to which certain indicators of industrialized farming 
have adverse affects on certain indicators of community well-being in certain places and time 
periods.  Therefore, the most comprehensive answer to the question of whether industrialized 
farming adversely affects public well-being comes not from a single study but from assessing the 
conclusions of decades of past research. 
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A. Research Issues Involved in Analyzing Industrialized Farming and Its Community  
Impacts 

 
 To adequately assess the consequences of large, scale-industrial farming, the following 
issues about indicators of industrialized farming and types of consequences must be considered. 
 

1. Industrialized farming should be analyzed using indicators of farm organization and not 
only scale.   

 
Scale is usually measured by sales or sometimes acreage. As a measure of indus-

trialized farming, scale is limited for several reasons:(a) family owned and operated 
farms may be large scale owing to technology; (b) scale alone does not capture organiza-
tional features of industrialized farming, such as absentee ownership and non-family con-
trol over production, that are thought to put communities at risk.  Organizational meas-
ures of industrialized farming include: vertical integration of corporations into farming; 
contract farming arrangements;    absentee ownership of production factors; dependency 
on hired labor; operation by farm managers, as opposed to material operation by family 
members; and legal status as a corporation.  With regard to legal status, family and non-
family-held corporations should be distinguished.9  

 
2. To adequately assess consequences for community well-being, the full array of outcomes  

should be considered.  Research points to three major sets of consequences of industrial-
ized farming in a community: impacts on socioeconomic well-being, community social 
fabric, and environment.   
 

Socioeconomic well-being refers to standard measures of economic performance 
(essentially employment, income, and business activity) and to a broader range of socio-
economic indicators used by sociologists to tap material conditions of families and popu-
lations (family poverty rates, income inequality).  

Community social fabric refers to social organization, the features of a community 
that reflects its stability and quality of social life.  Impacts on community social fabric are 
seen in social indicators such as: population change; social disruption indicators (crime 
rates, births-to-teenagers, social-psychological stress, community conflict, interference 
with enjoyment of property); educational attainments and schooling quality; changes in 
social class structure  (decline of local middle class, in-migration of low wage workers); 
health status, such as mortality rates; civic participation (e.g., declines in church atten-
dance, voluntary organizational membership, and voting); and changes in local govern-
ance, such as loss of local control over community decision-making, and resource/fiscal 
pressures on local government, such as those due to increased need for social services 
and diversion of public funds to subsidize agribusiness development. 

Environmental indicators include quality of water, soil, and air, energy usage, and 
environmentally-related health conditions.   

 
 9 It also should be recognized that farms may be incorporated because of family farmers’ interests in estate 
planning, greater assurance of business continuity, limited liability, and income tax advantages. 
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3. Industrialized farming has both direct and indirect consequences for community well 

-being.  Both sets of consequences should be considered.   
 

Industrialized farms directly influence community well-being: through the quan-
tity of jobs produced and the earnings’ quality of those jobs; by the extent to which these 
farms purchase inputs and sell outputs locally; by affecting the quality of local environ-
mental conditions; and by affecting local decision-making about economic development 
and other public-interest areas relevant to community quality of life. 

First-order, indirect effects on local economic performance and general socioeco-
nomic conditions occur because the quantity and quality of jobs plus purchases affect to-
tal community employment, earnings, and income (e.g., economic multiplier effects), the 
local poverty rate, and income inequality.  First order, indirect effects on local social fab-
ric occur because: the quantity of jobs created by industrial farms affects total community 
population size; the quantity and quality of jobs affects social class composition, such as 
a when an increase in hired farm workers reduces the proportion of the local middle 
class; local control over      community decision-making may erode or become conflict-
ual, since the interests of industrialized farmers and absentee owners are detached from 
those of local residents. 

Second-order, indirect effects on local social fabric work through first-order ef-
fects above.  Population size and social class composition are related to: indicators of 
community social disruption, such as crime, family instability, the high school dropout 
rate, and conflict resulting in civil suits; local demand for schooling, public assistance, 
health, and other social services; and the property tax base (Boles and Rupnow 1979; 
Freudenburg and Jones 1991, Murdock et. al 1988; North Central Center for Regional 
Development 1999).10  Decline of local control over community decisions-making cre-
ates problems associated with poor governance, such as: the potential for diversion of 
public resources toward financial incentives supporting the interests of agribusiness de-
velopers over the community at large; and the loss of public and private revenues to sup-
port local schools, community services, and infrastructure, which contributes to a down-
ward spiral of community social and economic conditions. 

The direct and indirect paths by which industrialized farming may affect commu-
nity well-being are delineated in various studies, including Boles and Rupnow (1979), 
Lasley et al. (1995), Lobao (1990), MacCannell (1988), and the North Central Regional 
Center for Rural Development (1999). 

 
4.  Differences in impacts for diverse social groups within the community must be consid-

ered.   
 

Changes in farming affect social groups differently, depending upon their age, 
class position, and residents’ proximity to industrialized farms.  The elderly and poor are 

 
 10 Rapid increases in population size and poorer social class composition tend to be related to the indicators 
of social disruption noted above and also place increased demands on local schooling and other social services.  
Population decline reduces local demand for services and the property tax base.. 
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affected by rising costs of housing and services whenever large corporations migrate to a 
rural community (Summers et al. 1976).  Within communities with large confined animal 
feeding operations (CAFOs), residents who live closer to the operation report inability to 
enjoy their properties and physical and psychological problems associated with odor 
(Schiffman and others 1998; Wing and Wolf 1999; Reisner et al., 2004; Constance and 
Tunistra, 2005). Property closer to CAFOs has been found to fail to appreciate in value 
relative to places further away  (Seipel and others 1998).  Income generated by industrial-
ized farming (relative to family farming and over time) also appears less likely to filter 
down to families of different social classes.  As noted, Lobao (1990) and Crowley (1999) 
found that income inequality was higher in communities where industrialized farming 
was greater. 

 
5. There are long-term as well as short-term consequences of industrialized farming for 

communities and for regional development within a state.   
 

Industrialized farming puts a community on a path of development whose conse-
quences are not fully manifest in the short term of one or two years.  Lobao (1990) found 
that some impacts were manifest a decade later.  As noted earlier,  counties with greater 
industrialized farming in 1970 had significantly poorer well-being a decade later: these 
counties had lower median family income, higher family poverty rates, and higher in-
come inequality relative to other counties and net of past county conditions.  

For the heartland states, including North Dakota, economists at the Federal Re-
serve Board of Kansas City (Drabenstott and Smith 1996:4) indicate that differences in 
communities will widen over time.  According to these economists: 
 
Industrialized agriculture produces two effects on rural communities.  As production increases in some 
“cluster” communities, it will leave others, lessening agriculture’s impacts.  Communities that are home to 
industrialized production and processing may see jobs and income increase.  But even there, the economic 
links will be different than under community production.  More production inputs are purchased from 
nonlocal sources, and more of the profits go to nonlocal owners of the firm. 

 
B.  Types of Studies Conducted on the Effects of Industrialized Farming: Research 

Designs and Methodology 
 
 Analysts have used primarily four different types of research designs to assess whether 
industrialized farms have detrimental impacts on communities.  Each design has inherent 
strengths and limitations in being able to comprehensively analyze industrialized farming and its 
many potential impacts noted above.11  
 
1.  Case-study designs provide in-depth analysis of the consequences of industrialized 

farming in a single or multi- community site.  Usually, a comparative case-study design is 
implemented whereby a community or communities characterized by industrialized farm-
ing are contrasted with a community or communities with a different farming pattern 

 
 11 We have outlined the strengths and limitations that are intrinsic to each research design.  A individual 
study will vary as to how the analysts have exploited the strengths or overcome the limitations of the design. 
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(usually moderate-size, family-owned and operated farms).  A comparative case-study 
design allows communities to be matched on similar background characteristics, such as 
location near cities and dependency on farming as an economic base, which helps to 
“control” (or exclude) extraneous factors that influence the relationship between farming 
type and community well-being.  Examples of case studies are Goldschmidt (1978a) 
noted above and the North Central Regional Center for Rural Development (1999).  The 
strengths of case-studies are the following.  (a) They provide detailed information about 
how both scale and organizational aspects of industrialized farming impact community 
well-being.  (b) They provide detailed information about outcomes for a great many 
community indicators of local socioeconomic well-being, social fabric, and environment. 
(c) They trace the direct and indirect effects of industrialized farming.  (d) They can ad-
dress short-term as well as long-term outcomes.  The inherent limitation of case-studies is 
that detailed conclusions are produced about the impacts of industrialized farms in spe-
cific site communities at the expense of producing less detailed findings but over a 
greater number of research sites.  Case-studies also vary as to how well the analyst is able 
to partition out extraneous factors that influence the causal relationships of importance. 

 
2.  Macro-social accounting designs involve statistical analysis of secondary or pre-

collected data from government and other sources, such as the Census of Agriculture and 
Census of Population, to document relationships found in regional social structure (Mac-
Cannell 1988).  Community units, such as counties and townships, and states are the re-
search focus.  To assess the consequences of industrialized farming, analysts usually 
compare its effects relative to other farming (usually smaller or moderate-size family 
farm units) and over time, while controlling for other, non-farm factors known to affect 
community well-being.  Multivariate statistical techniques, such as regression procedures 
and discriminant analysis, are used so that the effects of farm structure are assessed net of 
other community conditions.  Examples are Gilles and Dalecki (1988), Lobao (1990), 
Crowley (1999), Crowley and Roscigno (2004) and Irwin et al. (1999).  The strengths of 
these studies are the following. (a) They provide conclusions about true (actual empirical) 
relationships, which are generalizable across many communities, various states, and the 
nation as a whole. (b) They provide conclusions about industrialized farming using 
measures of scale and organization. Customary measures of industrialized farming in 
these studies are: for scale, farm size in sales, such as the percent of farms above some 
gross annual sales threshold (e.g. above $500,000) or depending upon commodity, acre-
age above a certain size; for organizational indicators, percent of farms organized as cor-
porations or non-family-held corporations; percent of farms with full-time hired labor; 
annual costs of hired labor per farm; and non-resident operators.  (c) Macro-social ac-
counting designs provide conclusions about a variety of socioeconomic well-being indi-
cators (i.e., unemployment rate, poverty rate, income levels, income inequality), social 
fabric impacts (i.e., population change, educational attainments, health status, family dis-
ruption indicators), and about some environmental indicators (i.e., energy usage).  (d) 
They address short-term and long-term relationships between industrialized farming and 
community well-being.  The inherent limitation of these studies is that they depend on the 
availability of pre-collected data, which constrains the use of certain measures and time 
periods of study.  Some organizational measures of industrialized farming, contract farm-
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ing and vertical integration of farm units are not available over time from the Census of 
Agriculture or from other secondary sources across communities. 

 
3.  Regional economic impact models use linear programming methods to estimate impacts 

on employment and income for regions, states, and smaller units such as counties and cit-
ies.  These studies focus on the integration of business enterprises in markets and use 
programs, such as variants of input-output analysis, to model the backward and forward 
linkages with enterprises in other industries and to estimate resulting local impacts.  The 
costs and benefits of varying different firm-level practices can be estimated.  Examples 
are studies by Heady and Sonka (1974), Marousek (1979), Otto et al. (1998), and Thomp-
son and Haskins (1998). The strengths of regional economic impact models are the fol-
lowing.  (a) They provide detail about economic performance, such as the number of jobs 
and total income produced by firms or industries in a region or community. (b) They can 
provide projected estimates, so that the potential impacts of not yet existing enterprises 
can be appraised.  Limitations of regional economic impact, input-output models are 
well-known and documented.12  In brief, most models involve assumptions about rela-
tionships not actually found in the community--that is, models depend on estimates from 
past years and different places.  To the extent to which real (true, empirical) conditions in 
a particular community vary, these studies will not provide accurate assessment of im-
pacts.  Another inherent limitation is the types indicators of industrialized farming and 
impacts addressed.  Farm scale, as indicated by sales and labor force size, is analyzed, not 
the organization of production.  These studies do not examine certain socioeconomic 
well-being indicators such as family poverty and income inequality (the degree to which 
economic growth is shared by families throughout the community); nor do they examine 
social fabric or environmental indicators.  Finally, input-output analyses of industrialized 
farming usually do not address long-term impacts, such as over the course of a decade.  

 
4.  Survey-design studies use samples of populations from any number of communities. 

These studies use interviews or questionnaires to document how industrialized farming 
affects residents or a particular social group exposed to industrialized farming as com-
pared to those who are not (such as those residing in family farming communities).  In 
contrast to macro-social accounting and economic impact models which are based usu-
ally on secondary or pre-collected data, the researchers using a survey design collect pri-
mary data directly from individuals or families.  Multivariate statistical procedures such 
as regression are used to assess the consequences of farm variables net of other commu-
nity and individual characteristics.  Examples of studies based on survey designs are Hef-
fernan and Lasley (1978), Poole (1981), Wing and Wolf (1999).  The strengths of these 
studies are the following. (a) They provide detailed information about how both scale and 
organizational aspects of industrialized farming impact individuals or families.  (b) They 

 
 12  A good review of input-output analysis is provided by the recent report published by the University of 
Minnesota (1999) on the impacts of the livestock industry.  The authors (pp. F35-F56) note that input-output 
models, such as IMPLAN, are limited by the quality of data used in the models, the assumptions made about 
regional purchase coefficients, and how economic shocks are specified.  The authors note that for the present period 
it has become increasingly difficult to obtain data from large farms and therefore more difficult to adequately 
analyze costs by size of operation. 
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provide detailed information about outcomes for a great many indicators of personal and 
family social and economic well-being, including social fabric indicators, such as com-
munity participation and stress, health status, all of which allows for a more in-depth 
analysis of quality of life.  Inherent limitations of surveys for addressing the impacts of 
industrialized farming are that cost considerations often restrict surveys to specific states 
and communities and to one time point. 

C.   Conclusions of Studies Examining Industrialized Farming and Community Well-
being 

 
 As noted, to assess the consequences of industrialized farming, it is useful to examine the 
body of past work conducted by researchers from various social science disciplines, over time, 
and using different methodologies.  Table 1 reports the conclusions from 56 studies conducted 
since the 1930s on the effects of industrialized farming on communities to provide the most 
recent findings for each of the four study designs above.  This table has been updated from 
Lobao (2000) by adding all empirical studies published on the topic in Rural Sociology (the 
major scholarly journal in this field) since 2000. A review of articles in the American Journal of 
Agricultural Economics (the major scholarly journal in this field) over the past five years was 
undertaken but no empirical studies were found on the topic.  In addition, the following journals 
were surveyed for articles relevant to the topic:  Agriculture, Food and Human Values, Culture 
and Agriculture, Sociologia Ruralis, Southern Rural Sociology, American Journal of Alternative 
Agriculture (now the Renewable Agriculture and Food Systems journal), Journal of Rural 
Studies and the International Journal of the Sociology of Agriculture and Food.  Two scholarly 
search engines -- Google Scholar and Agricola – were also used to find relevant articles.  Some 
articles were located serendipitously.  The programs and abstracts for the 2000-2005 annual 
meetings of the Rural Sociological Society also were reviewed. 
 In Table 1, studies are classified by: (a) methodology, referring to the research designs 
described above; (b) regions of the country analyzed; (c) the indicators used to measure 
industrialized farming; (d) types of impacts analyzed; and (e) results of the study as to whether 
detrimental impacts were found (discussed further below).  With regard to the indicators of 
industrialized farming, most of the studies examine farm scale; organizational characteristics are 
examined less frequently. The studies examine a wide variety of impacts on community well-
being.  Community well-being impacts were classified as to whether they were socioeconomic 
well-being indicators (income levels, poverty, and unemployment); indicators of social fabric 
(population change, social class, civic involvement, quality and types of community services, 
population size and composition, and social disruption indicators such as stress and crime); and 
environmental impacts. In most studies (all of the sociological studies), the authors hypothesize 
that where farms are larger scale or industrialized in terms of organizational characteristics, they 
have a detrimental impact on the indicator(s) of community well-being, relative to family-owned 
and operated farms.  These relationships are expected to be found across communities and over 
time. 
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Types of Detrimental Impacts Reported by Social Scientists 
  

Social scientists report that industrialized farms are related to relatively worse conditions 
for the following community impacts: 
 
Socioeconomic Well-being 
1.  Lower relative incomes for certain segments of the community: greater income inequality 

(income polarization between affluent and poor), or greater poverty. 
(Tetreau 1940; Goldschmidt 1978a; Heady and Sonka 1974; Rodefeld 1974; Flora et al. 
1977; Wheelock 1979; Lobao 1990; Crowley 1999, Deller, 2003; Crowly & Roscigno, 
2004: Peters, 2002; Welsch & Lyson, 2001; Durrenberger and Thu, 1996) 

2.  Higher unemployment rates. 
  (Skees and Swanson 1988;  Welsch & Lyson, 2001) 
3.   Lower total community employment generated. 
  (Marousek 1979; Thompson and Haskins 1999)  
 
Social Fabric 
1.  Population: decline in local population size where family farms are replaced by industri-

alized farms; smaller population sustained by industrialized farms relative to family 
farms. (Goldschmidt 1978a; Heady and Sonka 1974; Rodefeld 1974; Wheelock 1979; 
Swanson 1980) 

2.  Class composition: social class structure becomes poorer (increases in hired labor). 
(Gilles and Dalecki 1988; Goldschmidt 1978a; Harris and Gilbert 1982) 
Social disruption: 

• increases in crime rates and civil suits (North Central Regional Center for Rural 
Development 1999); 

•  general increase in social conflict (Seipel et al. 1999);  
•  greater childbearing among teenagers (Lobao 1990);  
•  increased stress,  social-psychological problems (Martinson et al. 1976; Schiff-

man et al. 1998)  
• swine CAFOs located in census blocks with high poverty and minority popula-

tions (Wilson, et al., 2002)  
•  deterioration of relationships between hog farmers and neighbors (Jackson-Smith 

& Gillespie, 2005; McMillan and Schulman, 2003)  
•  more stressful, less neighborly relations (Constance & Tuinstra, 2004; Smithers, 

et al., 2004) 
4.  Civic participation: deterioration in community organizations, less involvement in social 

life. (Goldschmidt 1978a; Heffernan and Lasley 1978; Poole 1981; Rodefeld 1974; Ly-
son, et al, 2004; Smithers, 2004) 

5.  Quality of local governance: less democratic political decision-making, public becomes 
less involved as outside agribusiness interests increase control over local decision-
making. 

 (Tetreau 1940; Rodefeld 1974; Goldschmidt 1978a; McMillan and Schulman, 2003) 
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6.  Community services: fewer or poorer quality public services, fewer churches. 
(Tetreau 1940; Fujimoto 1977;  Goldschmidt 1978a; Swanson 1980) 

7.  Retail trade: decreased retail trade and fewer, less diverse retail firms. 
(Goldschmidt 1978a; Heady and Sonka 1974; Rodefeld 1974; Fujimoto 1977; Marousek 
1979; Swanson 1980; Skees and Swanson 1988; Foltz et al, 2002; Foltz & Zueli, 2005, 
Smithers, 2004; Gomez & Zhang, 2000) 

8.  Reduced enjoyment of property: deterioration of landscape, odor in communities with 
hog CAFOs (Schiffman et al. 1998; Wing and Wolf 1999; Constance & Tuinstra, 2005; 
Reisner et al., 2004; Wright et al., 2005; Wing and Wolf, 2000; Kleiner, 2003; McMillan 
and Schulman, 2003) 

9.  Health: neighbors of hog CAFOs report upper respiratory, digestive tract disorder, eye 
problems. (Wing and Wolf 1999; Constance & Tuinstra, 2005; Reisner et al., 2004; 
Wright et al., 2005; Wing and Wolf, 2000; Kleiner, 2003) 

10.  Real estate values: residences closest to hog CAFOs experience declining values relative 
to those more distant. (North Central Regional Center for Rural Development (1999:46); 
Seipel et al. 1998; Constance & Tuinstra, 2005; Reisner et al., 2004; Wright et al., 2005) 
 

Environment 
1.  Eco-system strains: depletion of water, other energy resources.  (Tetreau 1940; Buttel and 

Larson 1979; North Central Regional Center for Rural Development 1999) 
2.  Environmental consequences of CAFOs: increase in Safe Drinking Water Act violations, 

air quality problems, increased risks of nutrient overload in soils. (North Central Regional 
Center for Rural Development 1999) 

 
Summary of Conclusions Reported by Social Scientists by Study 
 
 In addition to showing the types of impacts reported in the social science literature, the 
studies also provide an overview of the consistency of evidence on the risks of industrialized 
farming.  For each study, a number of different relationships may be tested. Authors invariably 
provide a summary estimation of each study’s conclusion.  Whether hypotheses about detrimen-
tal effects were largely supported (e.g. the authors report detrimental impacts overall); whether 
there were mixed findings (authors report only some detrimental impacts were found); and 
whether authors’ report no detrimental effects.  The results of the studies were then classified 
according to findings along those three lines: detrimental, some detrimental, or No Detrimental.  
Out of the total 56 studies, the researchers report largely detrimental impacts in 32, some 
detrimental impacts in 14, and no evidence of detrimental impacts in 10.  Thus, over 82% (46 out 
of 56) of the studies report finding some negative impacts of industrialized farming.  It is this 
consistency of past research which leads researchers to hypothesize that industrialized farming 
will jeopardize communities. 
 Of the thirty two studies where social scientists found predominantly detrimental impacts, 
the following points should be noted.  First, studies reporting these impacts exist through all time 
periods, from the 1930s to the present.  The studies show detrimental impacts for socioeconomic 
well-being, social fabric, and environment across communities, for both scale and organizational 
indicators, and throughout all regions of the country, including the North Central heartland 
states.  These studies use five types of research designs, comparative case study, macro-social 
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accounting, regional economic impact models and survey.  In other words, a great deal of 
evidence produced over time, for various regions of the country, by different researchers, and by 
five different research designs shows that industrialized farming has detrimental impacts. 
 Of the fourteen studies where social scientists report some, but not consistenly negative 
impacts of industrialized farming, the following points should be noted.  These studies provide 
mixed findings, in that while adverse effects on some community indicators were found, at least 
one of the following also occurred: (a) industrialized farming had no statistical relationship with 
other indicators (i.e. there was an absence of any relationship); (b) industrialized farming had a 
trade-off effect, with beneficial effects on certain indicators; (c) industrialized farming did not 
consistently produce negative impacts for all time periods or regions; or (d) industrialized 
farming produced beneficial effects for some groups but Detrimental to other groups.  These 
studies were found principally in the use of four research designs: regional impact studies of 
economic performance, macro-social accounting, case study, and survey.  Regional impact 
studies (e.g., Heady and Sonka 1974; Marousek 1979) have tended to show costs-benefits for 
economic performance indicators, with larger farms injecting greater total income into the 
community, but also producing less employment relative to smaller farms.  In the case of macro-
social accounting studies reporting mixed effects, Lobao’s (1990) study is an example.  For 
counties in the forty-eight contiguous states, industrialized farming had no relationship with 
family poverty or median family income at either of two single time points (1970 and 1980); 
however, industrialized farming was related to higher income inequality at both time points and 
also to lower family income, higher poverty, and higher income inequality over the decade from 
1970-1980 (i.e. counties with greater industrialized farming in 1970 experienced relative 
declines in socioeconomic well-being over the decade).  

An example of a case study showing mixed effects is Wright, et al., (2001) conducted in 
six CAFO counties in Minnesota.  This study demonstrated the mixed impacts of CAFOs for 
residents in these counties.  This study found that CAFOs had positive effects for farmers who 
expanded their operations, detrimental effects for neighbors to CAFOs who saw their ability to 
enjoy their property deteriorate, detrimental effects for younger and mid-sized producers unable 
to expand because expansion by others had restricted their access to markets, detrimental effects 
for older producers who mourned a loss of a way of life, and no effects for those who were not 
neighbors or who were not expanding.  The greatest detrimental effects were the decline in social 
capital as trust in government agencies declined due to their inability to make decisions in a 
timely manner, and a decline in cultural capital because of the differing visions of agriculture and 
of local communities.   

A survey study (Jackson-Smith and Gillespie, 2005) also found mixed effects regarding 
the impact of scale on social relations.  When demographic variables were controlled, there was 
little evidence that size of farm or use of hired workers was related to relationships with 
neighbors, however, farm size was the strongest predictor of neighbors’ complaints about a dairy 
operation. 
 The ten studies that found no detrimental impacts of industrialized farming used regional 
impact models, macro-social accounting, and survey designs.   Most of these studies analyzed 
only indicators of socioeconomic well-being.  The regional impact study by Otto et al. (1998) 
indicated that larger farms are beneficial, both in terms of injecting greater income into a 
community and in creating more jobs.  The results of this study were later challenged by 
Thompson and Haskins (1998) who argued that Otto et al. (1998) failed to correctly compare 
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large farms with smaller farms by holding constant total output.  Here the point is not to dispute  
either study but to note that regional impact models because of their assumptions, use of shocks 
(i.e. disruptions to the regional economy), and focus on scale as opposed to organizational 
indicators usually find net benefits for specific economic performance indicators.  An example of 
a macro-social accounting study that found no detrimental impacts is Lobao and Schulman 
(1991).  They examined whether industrialized farming was related to higher poverty for the four 
major agricultural regions in the contiguous states for 1970-1980.  They found while moderate-
size family farming was related to lower poverty for the North Central states, there was no 
significant relationship between poverty and industrialized farming in any of the four U.S. 
regions analyzed.  Most of the macro-social accounting studies finding no detrimental impacts of 
industrialized were conducted using data for 1970-1980.  Skees and Swanson (1988) note that 
the time period may be a factor why detrimental impacts are less likely to be found, because 
industrialized farming was more regionally confined and of less magnitude in the past than in 
more recent time periods.  A recent survey design study (Foltz and Zueli, 2005) did not find 
evidence that large farms are unlikely to purchase locally when the presence or absence of local 
suppliers was taken into consideration, and instead demonstrated that purchasing patterns are 
commodity specific and are determined by community attachment, and local supply considera-
tions. 
 
D.  Examples of Recent Sociological Research on the Consequences of Industrialized 

Farming  
 
1. Macro-social Accounting: Several macro-social accounting studies provide examples of 
recent sociological research on industrialized farming. The most recent macro-social accounting 
studies on the effects of industrialized farming are by Crowley (1999), Crowley and Roscigno 
(2004), Welsh and Lyson (2001), Lyson et al. (2001), and Peters (2002).   

The 1999 study by Crowley analyzed the effects of farm concentration using several in-
dicators:  concentration of land, value of land and buildings, and the value of equipment and 
machinery) and data for counties in the North Central region comprising Illinois, Indiana, Iowa, 
Kansas, Michigan, Minnesota, Missouri, Nebraska, Ohio, North Dakota, South Dakota, and 
Wisconsin.  She analyzed consequences of these dimensions of farm-sector concentration for 
local levels of poverty and inequality, controlling for the influences of labor market, demo-
graphic, spatial, and other farm structure characteristics.  As noted earlier, she found where farm 
sector concentration is higher (i.e., a few large farms held a large share of local property in land 
and real estate) both poverty and inequality are higher and education is lower.   

In the 2004 study, Crowley and Roscigno documented how concentration of agricultural 
resources shapes rural community stratification through the political economic process.  In 
addition to measures of farm sector concentration, measured by the gini coefficient and labor 
endowment, they extended the analysis to include measures of political process, and worker 
power attributes.  Again using data for all (1053) counties in the North Central U.S. they found 
that dimensions of farm sector concentration shape both poverty and inequality.  Furthermore, 
they found that farm sector concentration is explained by political economic processes, and these 
processes mediate the negative effects of land concentration on economic well-being.  In 
particular, they found that relative to large scale farms, capital concentration promotes govern 
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ment spending that benefits large farms while it blocks government or labor-market programs 
that assist farmers whose farms it consumes and farm workers it exploits.  
 Whether people in agricultural areas in states with anti-corporate farming laws fare better 
on measures of economic health than do people in agricultural areas in states without such laws 
was studied by Welsh and Lyson (2001).  In examining states with anti-corporate farming laws 
(Iowa, Kansas, Minnesota, Missouri, North Dakota, South Dakota, Oklahoma, and Wisconsin), 
they found that agriculture dependent counties in states with such laws fare better on economic 
measures, i.e. less families in poverty, lower unemployment, and higher percentages of farms 
realizing cash gains.   
 In the first analysis of all agriculture dependent counties, they found that agriculture 
dependent counties in states with anti-corporate farming laws have lower poverty rates, lower 
levels of unemployment, and a higher percentage of farms reporting cash gains than agriculture 
dependent counties in states without anti-corporate farming laws.  These results were consistent 
for both the cross-sectional analysis (across states in same time period) and longitudinal analysis 
(within states across time periods).  In the second analysis of states with more restrictive anti-
corporate farming laws compared to states with less restrictive laws, the restrictiveness index had 
no effect on poverty in the cross sectional analysis (across states at the same time period) but a 
slight, positive association in the longitudinal analysis (within state, across time periods).  That 
is, states with more restrictive laws have slightly higher poverty rates over time than do states 
with less restrictive laws.  The restrictiveness index had a strong, negative association with 
unemployment in the cross-sectional analysis, but no association in the longitudinal analysis.  
That is, states with more restrictive laws have lower poverty rates at the same point in time than 
do states with less restrictive laws.  Finally, the restrictiveness index had a strong positive 
association with the percentage of farms reporting cash grains in the cross-sectional analysis, but 
no association in the longitudinal analysis.  That is, states with more restrictive laws have higher 
percentages of farms reporting cash gains at the same point in time than do states with less 
restrictive laws. 
 Lyson et al. (2001) found support for Goldschmidt’s findings of a negative relationship 
between farm scale and community well-being, but these negative relationships were mediated 
by the presence or absence of a civically-engaged middle class. This study examined the 
agriculture dependent counties in the U.S. for the period 1982 to 1992. In this study, community 
welfare is measured by percentage of families in poverty, unemployment rates, and percentage of 
low birth weight babies.  Civically-engaged middle class is measured by percentage of workforce 
that is self-employed, percentage of labor force working at home, and percentage of small 
commercial establishments.  Farm scale is measured by percentage of sales by farms of $500,000 
in sales, percentage of farm operators residing on their farms, percentage of tenant farmers in 
county, and percentage of hired labor on largest farms. They concluded that the presence of a 
civically-engaged middle class is a more consistent predictor of rural community welfare than 
was farm scale. More specifically, they found that counties dominated by large scale, absentee 
owned, agricultural enterprises have less favorable welfare outcomes.  However, the presence of 
a civically-engaged middle class mitigates the negative relationships and enhances positive 
relationships between farm scale and community welfare.  Their findings did not dispute the 
Goldschmidt hypothesis of a negative relationship between large scale, industrial type farms and 
community welfare, but they argue that the relationship is not as economistic and deterministic 
as had been typically hypothesized.   
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   A study of the non-metropolitan counties in Iowa, Kansas, and Missouri by Peters (2002) 
found support for the argument that the economic structure of the agricultural, industrial and 
service sectors impacts socioeconomic conditions in non-metropolitan areas. More specifically, 
he found that areas with greater concentrations of owner-operated farms result in decreased 
children at risk scores.  He argues that this finding supports the Goldschmidt hypothesis that 
family farming areas are better developed both economically and socially.  Because the 
concentration of non-farm proprietorships did not predict children at risk scores, he suggests that 
it was not proprietorships in general that mattered as much as the economic nature of farming.  
He notes two problems with this measure:  It does not differentiate between types of farm 
proprietorships, either by farm size, primary occupation, or management structure, and it does 
not identify what is unique about farm proprietorships as contrasted to other types of proprietor-
ships that causes improved socioeconomic conditions for children. He also found that areas with 
greater concentrations of industrial agriculture, characterized by wage labor relations, produce 
worse socioeconomic conditions for children.  This was one of the weakest predictors of children 
at risk scores, but one of the strongest predictors was percent employed in animal slaughter and 
meat processing which causes scores to increase. Peters argues that although not considered 
agricultural production, meat manufacturing is considered part of the agro-food industrial 
complex.  When the measures of both production and of manufacturing of agricultural products 
are taken together as a measure of industrial agriculture, he argues they support the Goldschmidt 
hypothesis.   
 
2. Case Studies: Five recent case studies (NCRCRD, 1999, Seipel et al., 1999; Wright et 
al., 2001; Constance and Tunistra, 2005; McMillan and Schulman, 2003) document the 
detrimental effects of confined animal feeding operations (CAFOs), a particular kind of 
industrial agriculture, on community quality of life. 
 A comprehensive case-study on industrialized farming is that by the North Central 
Regional Center for Rural Development (NCRCRD, 1999).  This study is useful for providing 
documentation about relationships over time and for assessing impacts on a wide range of 
socioeconomic, social fabric, and environmental indicators.  The study examines the impacts of a 
large, confined animal feeding operation (CAFO) owned by the Seaboard Corporation, which 
moved to Texas County, Oklahoma in 1992.  Company officials indicated that Seaboard was 
attracted to Oklahoma because of the state’s “relatively lax anti-corporate farm laws, permissive 
groundwater access laws, and generous public sector incentives” (NCRCRD 1999:1).  Public 
sector incentives given to Seaboard to locate in the county totaled $60.6 million dollars, with the 
capital coming from publicly repaid bonds, taxes foregone, interest subsidies and grants, an 
investment of $27,500 per job created.  At the time Seaboard moved to Texas County in 1992, 
the county had an unemployment rate of 3.7% and was among the highest per capita income 
counties in the state.  Seaboard made extensive land purchases in the county to establish 
corporate-owned swine production facilities as few local cattle ranchers were interested in 
raising pigs due to the terms of the contracts offered (NCRCRD 1999:16).  To analyze the effects 
of the CAFO, a comparative case-study design was used where changes in Texas County were 
compared to thirteen other farming dependent counties in Oklahoma.  As a strategy of local  
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economic development, the CAFO performed poorly.13  The number of jobs, per capita income, 
poverty rate, number of new businesses, and total bank assets did not change at a rate signifi-
cantly different from the other, comparison farming dependent counties.  Consumer loans 
increased at a greater rate in Texas County, but increases in commercial and industrial loans 
were greater in the comparison counties.  The economic benefits gained were increases in retail 
sales and property values. The community costs of the CAFO were experienced largely in social 
fabric and environment.  With regard to social fabric, beneficial impacts were seen in increased 
population and school enrollment relative to comparison counties.  But most other indicators 
showed rifts in the social fabric. Crime rates increased by 74% in Texas county, compared to a 
decline of 12.5% in the comparison counties over 1990-1997 (NCRCRD 1999:38).  Theft 
increased 64%, while it decreased 11% in the comparison counties.  Violent crimes increased 
378%, but decreased by 29% in the comparison counties.  Availability of housing declined and 
rental rates increased to a greater degree than the comparison counties, indicating that crowding 
is occurring and that the elderly and poor may be priced out of the county.  With regard to the 
environment, water quality violations were much greater in Texas County relative to the 
comparison counties. Livestock water use increased 66% from 1990 to 1995 in the county.  
Environmental impacts noted by NCRCRD (1999) were in water depletion and quality, odor, and 
increased risks of nutrient overload in local soils. 
 Research by Seipel et al. (1999) elaborate on the NCRCRD (1999) findings by outlining 
reasons why industrialized farming contributes to breakdowns in social fabric and to environ-
mental degradation.  Based on research in four Missouri communities, they note that CAFOs 
tend to increase social conflict and personal and community stress for the following reasons: 
1. Some individuals and communities are exposed to the social and environmental harm of 

CAFOs when other people and communities are not, creating conflict between those resi-
dents that pay the costs of industrialized farming and those that do not. 

2. The public has often not been involved in decision-making and has not chosen this 
development as a group. 

3.  Community residents experience loss of personal control as outsiders, politicians, and 
corporations are perceived as exercising control over local lives. 

4. There is an infusion of new systems and people that communities must now accommo-
date. 

5.  While hog farms are a normal part of many rural areas, concentrated operations of 
thousands of animals confined to one location are not. 

6.  There is insecurity about health.  Residents look to CAFOs and odor to explain personal 
and family health-related problems.  There is increased concern about the health of chil-
dren and later generations. 

 
 
 

 
 13 The NCRCRD (1999:28-29) study describes how incorrect assumptions in input-output analysis led to 
misleading results about projected impacts of recruiting the new integrated corporate hog and pork producer to 
Texas county.  Analysts used a figure of $35,137 for average annual income of swine production jobs in input-
output models.  However, this figure was derived from research in Iowa and was nearly twice the amount earned by 
swine production workers in Oklahoma.  Thus, the input-output analysis severely over-estimated the total income 
and number of jobs that would be produced in the county by recruiting the corporation. 



 25

7.  There is “loss of perceived control” (an indicator related to social psychological stress 
and depression).  There is guilt and anxiety over the inability to protect oneself and fam-
ily, and a feeling of powerlessness concerning resolution of the problems brought on by 
the industrialized operation. 

8. Residents’ perceptions about their community changes from a place of security and sense 
of attachment to a “a degraded space and context of conflict.” 

9.  There is anger and disgust with those who bring CAFOs to the community, which leads 
to general distrust of government. 

10.  There is a social stigma attached to living in a CAFO community due to the deterioration 
of local landscape and to odor problems.  

 
 Seipel et al. (1999) note the following general environmental problems related to hog CAFOs: 
1.  Algae growth and oxygen depletion of surface waters 
2.  Contamination of wells and groundwaters 
3.  Contamination of surface water drinking supplies 
4.  Risk of drinking water contamination due to pathogens such as fecal coliform 
5.  For workers on CAFOs, the risks of health problems include: asthma, organic dust toxic 

syndrome, upper airway inflammation, and bronchitis 
6.  For neighbors of CAFOS, environmental health problem risks include: upper respiratory 

and digestive track disorders, headaches, nausea, and burning eyes. 
 
 Case studies conducted by Wright, et al., (2001) in six CAFO counties in Minnesota 
demonstrated the mixed impacts of CAFOs for residents in these counties.  In these studies they 
found that CAFOs had positive effects for farmers who expanded their operations, detrimental 
for neighbors to CAFOs who saw their ability to enjoy their property deteriorate, detrimental for 
younger and mid-sized producers who were unable to expand because expansion by others has 
restricted their access to markets, detrimental for older producers who mourned a loss of a way 
of life, and no effects for those who were not neighbors and who were not expanding.  The 
greatest detrimental effect was the decline in social capital as trust in government agencies 
declined due to their inability to make decisions in a timely manner, and a decline in cultural 
capital because of the differing visions of agriculture and of local communities.   
 A case study by Constance and Tuinstra (2005) found that the quality of life was more 
stressful and less neighborly in communities with chicken CAFOs. The strain between neighbors 
and CAFO owners was evident in their perception of the issues.  While neighbors focused on 
substantive concerns of odor nuisances, water pollution, health problems, property values and 
community disruption, CAFO owners minimized these concerns by saying that it was either 
neighbors’ jealousy or their impractical views of rural land use was the basis for their com-
plaints.  Some neighbors had been interested in becoming contract producers, but they had been 
turned off by Sanderson Farms’ hard sell and did not think the contract Sanderson held out was a 
good business decision.  Others realized that once the contract had been signed and chicken 
houses had been built, growers were locked into long term commitments.  Thus, the community 
was at an impasse over the chicken CAFOs which polarized community relations. 
 As in the previous example, McMillan and Schulman (2003) also found that CAFOs 
reduced the quality of life and increased community conflict.  Neighbors complained about odor 
nuisances, voiced concerns about the environmental consequences, worried about health related 
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concerns, thought they had been betrayed by hog producers, and felt the government had been 
unresponsive.  Producers contended that swine CAFOs provided economic benefits to a 
depressed community, blamed the media for sensationalizing the concerns about CAFOs, and 
dismissed neighbors’ concerns about quality of life, environmental and health issues as being  
irrational or overstated.  Activists were concerned about the impact of the hog industry on health, 
the environment, local economic opportunities, community neighborliness and cohesion. They 
were especially concerned about its effects on the environment and human health through 
contamination of drinking water.   
 
3. Regional Economic Impact Models:  Results of analysis from several recent economic 
impact models  (Gomez and Zhang, 2000; Deller, 2003; Foltz, et al., 2002) indicate that 
industrial agriculture poses detrimental effects to community well being.   

The results of one study in Illinois (Gomez and Zhang, 2000)  found that large hog farms 
actually hinder economic growth in rural communities.  In a study of 2240 non-metropolitan US 
counties, Deller (2003) found that large scale agriculture, measured in sales and value added, and 
counties’ dependence on agriculture, tends to result in lower levels of economic growth.  He 
suggests that as agriculture expands either in terms of farm size or overall share of the economy, 
it would place downward pressure on regional growth rates.  A study of dairy farms in Wiscon-
sin by Foltz, et al. (2002), showed that scale (measured in herd size) had a negative effect on 
share of input purchases made locally.  While one model suggests that community attachment 
increases local expenditures, another model indicates that that effect is described by distance. 
Demographic variables did not explain where dairy farmers make their purchases either.  Both of 
the economic models show a significant negative effect for larger farm sizes (herd size) on the 
share of purchases made locally. 
 
4. Survey Research: Several recent Survey Design Studies demonstrate the effects of 
industrialized farming on community quality of life. The most recent survey research on the 
effects of industrialized farming are by Reisner et al., (2004), Smithers et al. (2004), Foltz and 
Zueli, (2005), and Jackson-Smith and Gillespie (2005).   Reisner et al. (2004) focuses on the 
strain on relations between neighbors and CAFO owners.  The remaining three studies focus on 
how industrial agriculture affects relationships with neighbors or farm purchasing decisions. 

The research by Reisner et al., (2004) documented the extent to which CAFOs increase 
the social tensions between neighbors and owners of swine farms in the community as well as 
the completely different definitions of the  problem by neighbors and swine CAFO owners.  
While both residents and CAFO owners agreed on the presence, level and length of the 
controversy, residents were much less satisfied and perceived much less support for CAFOs than 
did the owners.  Additionally, while the owners blamed many groups for the controversy over 
building or expansion of swine CAFOs, the neighbors identified themselves as the source of the 
controversy.  Neighbors felt that large scale farming was a fait accompli, but they were much 
less satisfied with the presence of CAFOs than the owners thought they were.  The greatest 
differences between neighbors and owners was about the degree of effect of the large-scale 
swine farms.  Neighbors reported more days with detectable odors than did owners and were 
more likely to believe that there were problems with water pollution and more likely to report 
that CAFOs were causing their homes to decline in value. 
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Three survey design studies also discussed the extent to which industrial agriculture has 
affected social relationships between large scale farmers and their neighbors, or between large 
scale farmers and their communities.  Smithers et al., (2204) in their survey of Ontario farmers, 
found that those classified as being in the expansionist mode were constrained in their ability to 
participate in social activities and organizations, were more likely to not purchase their inputs 
locally but instead sought the cheapest source, and viewed the community instrumentally in 
regards as to the goods and services it could provide the farm.  

Foltz and Zeuli (2005) did not find that large scale farms (in terms of herd size) pur-
chased less locally than did small farms.  They did find that the presence or absence of local 
marketing or supply outlets and attachment to community influence the decision to purchase 
locally.  Generally, they found that purchasing patterns are commodity specific and not 
determined by farm size or other farm-level characteristics.  Attachment to a community affects 
purchasing decisions only where there is a choice available to farmers.   

Jackson-Smith and Gillespie (2005) were also interested in the relationships between 
large scale dairy farmers (in terms of herd size) and their neighbors.  In the multivariate analysis, 
demographic variables were associated with knowing neighbors well.  When demographic 
variables (age, children at home, length of time operating the farm) were controlled, there was 
little evidence that size of farm or use of hired workers was related to relationships with 
neighbors.  Farm size, however, was the strongest predictor that neighbors had complained about 
a dairy operation. These results, they suggest, indicate that regardless of a dairy farm’s house-
hold social ties, building a large operation will generate conflicts with neighbors.  In regard to 
community participation, they found that both demographic and farm structural variables 
determine participation. More specifically, age, education, children at home, use of hired 
workers, and plans to remain in dairy farming are positively related to involvement in commu-
nity organizations.  
 Finally, one study used neighborhood level analysis to test the relationship between 
exposure to concentrated animal feeding operations and perception of CAFO impacts on rural 
communities, the economy, and the environment.  Kleiner (2003) argues that the neighborhood 
and not the county is the unit of analysis that is more appropriate for understanding the impacts 
of industrialization of agriculture.   Using GPS technology, she identified households for their 
actual distance from a swine CAFO in two counties characterized by large-scale, corporate-
owned and operated swine CAFOs.  She compared responses to rural residents in a control group 
county without such CAFOs.   Her analysis found that proximity to large-scale livestock 
facilities is associated with people’s perceptions of CAFOs impacts, especially environmental 
impacts. The lower mean scores on overall community impacts and environmental impacts for 
residents in the neighborhood closest to a CAFO of a county characterized by high concentration 
of CAFOs were expected when compared to mean scores derived from the combined data from 
the three counties. Furthernore, attitudes about current regulations for CAFOs were found to be 
more negative for the residents in the neighborhood in the county characterized by a high 
concentration of CAFOs compared to the combined scores for the three counties.  When the 
types of impacts were analyzed separately, she found that economic impacts are more obvious to 
residents than perceived social and environmental impacts.  This explains, she contends, why 
residents of corporate CAFO counties are more likely to perceive CAFO impacts more positively 
than residents of the non-corporate CAFO county which have less direct experience with them.  
The findings suggest that negative CAFO impacts perceived by residents in close proximity tend 
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to impact behavioral patterns in and around the home, especially in the county where CAFOs are 
most concentrated.  
 
E.  Industrialized Farming and Regional Imbalances in Opportunities to Engage in   

Farming and Well-Being 
 
 Thus far this report has focused on impacts occurring in communities.  Another way that 
industrialized farming may adversely affect public well-being is through creating differences 
within a region.  Until recently, the historical predominance of moderate-size family farms in the 
Heartland helped create a stable region economy with middle class farming communities (Flora 
and Flora 1988; van Es et al. 1988).  This is now changing.  For the Heartland states, economists 
at the Federal Reserve Board of Kansas City indicate that differences in communities within any 
given state will widen over time with regard to communities’ ability to participate in commodity 
agriculture.  It is useful to quote at length from their analysis (Drabenstott and Smith 1996:4). 
 

Agriculture is a common ingredient to the rural economy throughout the Heartland. The 12 Heartland-states 
are home to more than two-thirds of the nation’s farm-dependent counties.  Historically, agriculture has 
been a primary engine of growth for rural communities.  A large number of mid-sized farms have created 
significant economic multiplier effect for agriculture, enhanced by any local agricultural processing in rural 
areas. 
 
Today, that picture is changing. Heartland agriculture has moved quite rapidly to fewer, bigger farms.  The 
largest farms in the United States, those with annual sales greater than $500,000 a year are just 2.5% of all 
farms; yet they account for 40 percent of farm output.  A similar pattern is found in Heartland states. 
 
As agricultural production has moved to bigger farms, agriculture’s links with local rural communities have 
weakened.  Large farms tend to procure their inputs, including financial capital, from more distant places 
that can offer more products and lower prices.  In addition, large farms often have direct marketing rela-
tionships with processors, by-passing local buyers. 
 
More recently, a pickup in the industrialization of agriculture has further weakened linkages to local rural 
communities. Industrialization refers to the movement toward more direct production and marketing rela-
tionships between producers and processors, a trend now symbolized by the broiler industry. Under indus-
trialization, processors attempt to secure a stable supply of consistent product while exploiting the econo-
mies of scale in new production and processing methods.  The result is a further concentration of produc-
tion, as production shifts to bigger firms and clusters around processing plants much more than in the past. 
 
Industrialized agriculture produces two effects on rural communities.  As production increases in some 
“cluster” communities, it will leave others, lessening agriculture’s impacts.  Communities that are home to 
industrialized production and processing may see jobs and income increase.  But even there, the economic 
links will be different than under community production.  More production inputs are purchased from 
nonlocal sources, and more of the profits go to nonlocal owners of the firm.  
 
Agriculture remains important to the Heartland.  But its economic impact is much different than in the past.  
Commodity agriculture remains, but it is in bigger hands. And the advent of industrialized agriculture cre-
ates a new pattern of agricultural haves and have-nots.  And even in those communities that have industrial-
ized agriculture, the economic links are different than in the past.  

 
 Barkema and Drabenstott (1996:72) note that while some communities in the region will 
lose farms and farmers due to production concentration in other communities, those gaining new 
agribusiness, at least in the meat industry, are not likely to realize great economic gains.   
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While the region’s meat prospects are good, the corresponding economic impact may be low.  Wages in the 
meat industry are relatively low.  Moreover, the value added in meat processing is low.  The average value 
added for all food products is 39 percent, for meat products it is just 21 percent.  Thus, the region’s solid 
prospects for expanding meat processing are unlikely to provide a wide-spread economic tide for Heartland 

 
 Barkema and Drabenstott’s (1996:72) conclusion is supported by the NCRCRD (1999) 
study above that found no appreciable gains in per capita income and employment growth where 
CAFO recruitment occurred relative to comparison counties in Oklahoma where it did not occur. 
In the industrial sociology and economic geography literatures, food processing is considered 
part of the peripheral manufacturing sector (Lobao et al. 1999).  Production here is routinized,   
wages are relatively low-wage compared to durable manufacturing and certain services, and 
firms tend to be more footloose in seeking out low-costs labor.  In sum, reliance on meat 
processing is not likely to enhance community development over the long-term. 
 Relatedly, communities that look to industrialized farming to solve economic develop-
ment problems will not only confront the problems noted above in terms of social fabric and 
environment but also are pursuing a strategy that may be costly in terms of long-term develop-
ment.  While it is often noted that smaller farms (as all smaller businesses) fail more often than 
larger farms,14 analysts rarely consider the opposite side of the coin: when large vertically-
integrated farm corporations fail they are likely to do a great deal of community damage, 
particularly if scarce public resources have been used to attract them.  NCRCRD (1999) details 
the extensive public sector incentives such as tax increment financing, tax exemptions, interest-
free loans, and grants given to recruit CAFOs.  Public resources and community well-being are 
at risk should such farms underperform in their agreements with local governments or fail 
overall. 
 As vertically integrated production in agriculture is new to many communities, its failure 
rate is yet to be adequately assessed, particularly over the long-term.  Public concern with large 
confinement operations is demanding that these farms adhere to ever higher standards of social 
and environmental responsibility.  Whether the operators of these farms have the skills and 
expertise to succeed in a climate demanding increased consumer and public accountability and at 
the same time remain competitive is unclear.  In Ohio, for instance, the German owner of 
Buckeye Egg Farm (one of the country’s largest egg producers with nearly 15 million hens in 
three Ohio counties) was banned from professional contact with animals in his native Germany.  
His operations in Ohio have faced a continual series of  “serious environmental, regulatory, 
financial and public- relations problems” in the 1990s (Columbus Dispatch, November 7, 1999: 
2g).  The Ohio EPA recently filed a lawsuit accusing the company of violations of Ohio’s solid-
waste, water-pollution-control, safe-drinking-water, air-pollution and nuisance laws (Columbus 
Dispatch, December 22, 1999:1h-2h). 
 The diversion of state and local resources toward regulating the operation of large farms 
confining many animals to a single location must be considered in assessing the impacts of 
industrialized farming.  The problem is compounded in rural areas, because rural local govern-
ments are already disadvantaged in staff and fiscal resources needed to adequately serve their  

 
 14 Sociologists again would point out that moderate-size farms are not inherently less efficient producers 
but that they are disadvantaged in competing with large farms that have transaction costs advantages in terms of 
buying and selling. 
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populations.  They do not have the resources to engage in endless rounds of litigation to protect 
the well-being of their residents.  
 
IV.  SUMMARY AND CONCLUSIONS 
 
 Based on the evidence generated by social science research, we conclude that public 
concern about the detrimental community impacts of industrialized farming is warranted.  In 
brief, this conclusion rests on five decades of government and academic concern with this topic, 
a concern that has not abetted but that has grown more intense in recent years, as the social and 
environmental problems associated with large animal confinement operations have become 
widely recognized.  It rests on the consistency of five decades of social science research which 
has found detrimental effects of industrialized farming on many indicators of community quality 
of life, particularly those involving the social fabric of communities.  And it rests on the new 
round of risks posed by industrialized farming to Heartland agriculture, communities, the 
environment, and regional development as a whole.   
 In this report, a review by Lobao (2000) was updated to 2006 so that the findings of past 
and recent research on industrialized farming could be systematically documented.  The 
conclusions from fifty six studies (32 detrimental effects and 14 some detrimental effects) 
examining the consequences of industrialized farming for communities were evaluated.  
Approximately 82 percent of these studies found adverse impacts on indicators of community 
well-being.  The types of indicators and the number of studies reporting these are discussed in 
Table 1 and in the text.  Analysts have tended to find the following impacts.   

For socioeconomic well-being, researchers noted that industrialized farming was related 
to higher income inequality and to lower community employment, relative to moderate-size 
family farming.  Higher income inequality indicates that industrialized farming is less likely to 
sustain middle-class communities.  Places with higher income inequality also are prone to other 
social problems because the gap between affluent and poor is greater.  With regard to other 
socioeconomic impacts, such as total income injected into the community, regional economic 
impact models were likely to report beneficial impacts.  However, the findings for income 
inequality suggests that income growth is impeded in trickling down to families.   

Studies assessing consequences for the social fabric of communities were likely to find 
detrimental impacts.  Industrialized farming affects the social fabric of communities through 
altering population size and social composition which affect crime, social conflict, family 
stability, the local class structure, community participation, and local shopping patterns.  Case-
studies reported the loss of local autonomy, in which communities become increasingly subject 
to the influence of external business owners who interests may not be compatible with their own. 
More recent studies reported environment impacts.  Because large animal confinement opera-
tions house densely concentrated livestock, they are prone to a host of negative environmental 
impacts on water, air, and human health.  
 Given the relative consistency of past research, the studies such as Crowley’s (1999), 
Crowley and Roscigno’s (2004), and Welsh and Lyson’s (2001) which specifically analyzed 
North Central states, including North Dakota, and research focused on neighboring states in the 
region, there is every reason to expect that the conclusions drawn here apply to North Dakota. 
From the social science literature, we can anticipate four sets of impacts of industrialized 
farming for farming-dependent communities in Heartland states such as North Dakota: impacts 
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on socioeconomic well-being, social fabric, the environment, and regional imbalances.   
Communities that receive industrialized farming are likely to increase population relative 

to other communities (that is, if local family farmers are not displaced). These communities may 
increase employment and per capita income but as shown by the NCRCRD (1999) study, this 
may not be at a rate significantly different from comparison locales.   

Communities with industrialized farms are likely to experience greater income inequality; 
government services for the poor and other disadvantaged groups are likely to be needed in these 
locales.   

Communities that gain new industrialized farming will encounter stresses in the social 
fabric; community decision-making is likely to be more subject to corporate farm interests; and 
in the case of large livestock confinement operations, communities will be at risk for environ-
mental and health problems, entailing the need for state and local government intervention.   

Communities that lose moderate-size family farms, in part because of transaction cost 
advantages (e.g., volume buying-selling) and public incentives given to industrialized farms, will 
lose a base of middle class producers and experience rifts in social fabric, including population 
decline.  These communities are likely to have declines in other businesses and in the local 
property tax base and may require government aid for social and public services.   

Regional clustering of agricultural production is likely to occur (Drabenstott and Smith 
1996:4).  While some communities will gain industrialized farming (and it attendant costs and 
benefits) others will continue to lose their family farm base as production clusters closer to large 
processors.  Within states, there is thus likely to be greater inequality between communities over 
time. 
 Not discussed in this report are alternative economic development strategies that farming 
dependent communities can pursue.  Notwithstanding arguments that vertical integration into 
farming and production contracts are the only options left to keep American farmers farming, 
there are alternatives and some working examples are discussed in NCRCRD (1999). 
 From a sociological standpoint, government plays a role in the types of consequences that 
industrialized farming will have for community well-being.  It establishes the legal-institutional 
framework for regulating these farms.  It establishes the incentive structure offered to agribusi-
ness firms in their location decisions.  It provides the public services needed to mop up the 
destabilizing impacts of industrialized farming, such as a rising crime rate, increased social 
conflict, and the need for social services to cope with a changing population.  And government 
will need to provide the social services related to population decline and poverty alleviation in 
communities which lose family farming.15

 Prior to Welsh and Lyson’s (2001) research, the role that laws regulating corporate farms 
have in countering detrimental community impacts of industrialized farming had only been 
alluded to by some researchers. Lobao and Schulman (1991:596) postulated that one of the 
reasons why a few studies have found that industrialized farming has had less adverse effects in 
the North Central Heartland region (relative to the South and West) is due to its agrarian history 

 
 15  In non-farm dependent communities, government intervenes in a number of ways when paid employ-
ment, such as in manufacturing and mining declines: through programs such as unemployment insurance, various 
income transfers, such as welfare payments, for which independent farm operators are generally not eligible due to 
property ownership; through re-training programs, such as for workers who lose jobs because of NAFTA; and 
through enforcement of community rights in plant closure laws.  Because of their farming base, farm-dependent 
communities usually cannot make as full use of these social safety nets as can other communities.   
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of protection of family farming and regulation of corporate farming.  NCRCRD (1999:1) also 
indicated that “relatively lax anti-corporate farming laws, weak environmental regulations and 
permissive groundwater access laws” not surprisingly encouraged large, animal confinement 
operation to locate in Kansas.   When Welsh and Lyson (2001) examined states with anti-
corporate farming laws (Iowa, Kansas, Minnesota, Missouri, North Dakota, South Dakota, 
Oklahoma, and Wisconsin), they found that agriculture dependent counties in states with such 
laws fare better on economic measures, i.e. less families in poverty, lower unemployment, and 
higher percentages of farms realizing cash gains.  In the comparison of states with less restrictive 
vs. states with more restrictive laws, they generally found the same results as with the compari-
son of states with anti-corporate farming laws and states without such laws. 

Remote rural counties appear to be targeted as recent operating sites by large animal con-
finement operations.  Research by Wilson et al. (2002) demonstrated that census blocks in 
Mississippi with high percentages of African Americans or people in poverty were much more 
likely to be the locations of swine CAFOs.  Of all local governments, remote rural counties have 
the least resources (staff, economic development, and social service budget) to cope with 
industrialized farming.  These governments are in weak positions to bargain successfully with 
external corporations, to regulate their operations once they are in place, and to protect commu-
nity social life and environment overall.  Remote rural counties are the places where state 
protection from industrialized farming is most critical due, in part, to the fragility of local 
government.   
 From a social science standpoint, the farming system in place today has been created 
from both market forces and government policy and programs.  It is thus logical that government 
can also be an instrument in transforming this system toward greater public accountability. 
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Prepared for the Generic Environmental Impact Statement on Animal Agriculture and the 
Minnesota Environmental Quality Board.  
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Table 1.  Summary of Studies Examining Industrialized Farming and Community Well-Being* 
 

 
 
Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Goldschmidt 
(1968, 1978a) 
(1944, original) 

Comparative Case 
Study, two communities 

California scale/ 
organization 

 Socioeconomic/Social Fabric 
(class structure, services, 
population, politics, retail trade) 

Detrimental 

Tetreau 
(1938, 1940) (one 
study, two articles) 

Survey Design Study,  
2700 households 

Arizona scale/ 
organization 

General Socioeconomic 
Indicators/Social Fabric (class 
structure) 

Detrimental 

Heffernan 
(1972) 

Survey Design Study, 
138 broiler producers 

Louisiana organization Social Fabric (social 
psychological indicators, 
community involvement) 

Detrimental 

Heady and 
Sonka (1974) 

Regional Economic 
Impact Model of 150 
producing areas 

continental U.S. scale Socioeconomic: Economic 
performance (income, 
employment generation) 

Some Detrimental: large 
farms  lower food costs 
but generate less total 
community income 

Rodefeld 
(1974) 

Survey Design Study, 
180 producers from 100 
farms 

Wisconsin scale/ 
organization 

Socioeconomic/Social Fabric 
(class structures, services, 
population size) 

Detrimental 

Martinson 
et al. (1976) 

Survey Design Study,  
180 producers 

Wisconsin organization Social Fabric (social 
psychological indicators) 

Detrimental 

Fujimoto 
(1977) 

Macro-social 
Accounting,  
130 towns 

California scale Social Fabric (community 
services) 

Detrimental 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Flora et al. 
(1977) 

Macro-social 
Accounting, 
105 counties 

Kansas scale/ 
organization 

 
Socioeconomic/Social Fabric 
(class structure, services) 

Some Detrimental: 
industrialized farming is 
related to greater  income 
inequality but other relation-
ships not clearly supported 

Small Farm Viability 
Project (1977) 

Comparative Case 
Study, reanalysis of 
Arvin and Dinuba 

California scale/ 
organization 

 
 Socioeconomic/Social Fabric 
(class structure, services) 

Detrimental 

Goldschmidt 
(1978b) 

Macro-social 
Accounting, states 

entire U.S. 
except Alaska 

scale Social Fabric (agrarian class 
structure) 

Detrimental 

Heffernan  
and Lasley 
(1978) 

Survey Design Study, 
36 grape 
producers 

Missouri organization Social Fabric (community 
social and economic 
involvement) 

Some Detrimental: operators 
of nonfamily farms less 
involved in community  
activities but little support for 
other relationships 

Wheelock 
(1979) 

Macro-social 
Accounting,  
61 counties 

Alabama scale 
 
 Socioeconomic/Social Fabric 
(class structure, population size) 

Some Detrimental: rapid 
increases in farm scale related 
to decline of population, 
income, and white collar 
labor force; other relation-
ships mixed. 

Marousek 
(1979) 

Regional Economic 
Impact, one community 

Idaho scale 
 
Socioeconomic: Economic 
performance (income, 
employment generation) 

Some Detrimental:  large 
farms result in greater 
regional income but produce 
less employment than small 
farms  
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Buttel and 
Larson (1979) 

Macro-social 
Accounting,   
state-level data 

entire U.S. scale/ 
organization 

Environment (energy usage) Detrimental 

Heaton and  
Brown (1982) 

Macro-social 
Accounting,   
county-level data 

continental U.S. scale/ 
organization 

Environment (energy usage) No Detrimental 

Swanson 
(1980) 

Macro-social 
Accounting,  
27 counties 

Nebraska scale Socioeconomic/Social Fabric 
(population size) 

Detrimental 

Poole 
(1981) 

Survey Design Study, 
78 farmers  

Maryland scale Social Fabric (involvement in 
community organizations) 

Detrimental 

Harris and 
Gilbert (1982) 

Macro-social 
Accounting,  
state-level data 

continental U.S. scale/ 
organization 

 
Socioeconomic/Social Fabric 
(class structure) 

Some Detrimental: large 
farms result in more lower 
class farm personnel but have 
positive total effects on rural 
income 

Swanson 
(1982) 

Macro-social 
Accounting,  
520 communities 

Pennsylvania scale/number of 
farms 

Social Fabric (population) No Detrimental 

Green 
(1985) 

Macro-social 
Accounting, 
109 counties 

Missouri scale/ 
organization 

Socioeconomic/Social Fabric 
(services, population size) 

No Detrimental 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Skees and Swanson 
(1988) 

Macro-social 
Accounting, 
706 counties 

Southern U.S., 
excluding 
Florida, Texas 

scale/ 
organization 

Socioeconomic/Social Fabric 
(services) 

Some Detrimental: moderate-
size farms produce greater 
employment; large and very 
small farms related to higher 
unemployment; some 
detrimental impacts of large 
farms over time  

MacCannell 
(1988) 

Macro-social 
Accounting, 
98 counties 

Arizona, 
California, 
Florida, Texas 

scale/ 
organization/ 
capital intensity 

Socioeconomic/Social Fabric 
(population size, retail trade, 
local government taxation and 
expenditures) 

Detrimental 

Flora and Flora 
(1988) 

Macro-social 
Accounting, 
234 counties 

Great Plains and 
West 

scale 
 
Socioeconomic/Social Fabric 
(retail trade, population size) 

Some Detrimental: medium-
sized farms relative to large 
farms enhance community 
well-being 

Buttel et al. 
(1988) 

Macro-social 
Accounting,  
105 counties 

Northeast organization  Socioeconomic/Social Fabric 
(population, retail trade) 

No Detrimental 

van Es et al (1988) Macro-social 
Accounting, 
331 counties 

Corn Belt scale/ 
organization 

 Socioeconomic/Social Fabric 
(population size) 

No Detrimental 

Gilles and 
Dalecki (1988) 

Macro-social 
Accounting, 
346 counties 

Corn Belt and 
Central Plains 

scale/ 
organization 

Socioeconomic  Some Detrimental: counties 
with greater numbers of hired 
laborers tend to have lower 
socio-economic well-being; 
other relationships for scale 
not supported 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Lobao (1990) Macro-social 
Accounting,  
3037 counties 

Continental U.S. scale/ 
organization 

Socioeconomic/Social Fabric 
(income, poverty, income 
inequality, teenage fertility, 
infant mortality) 

Some Detrimental: moderate-
size family related to better 
socioeconomic conditions.  
Industrialized farming related 
to greater income inequality 
and births to teenagers, and 
over time to greater poverty 
and lower family income, but 
not to other indicators 

Lobao and Schulman 
(1991) 

Macro-social 
Accounting,  
2,349 rural counties 

U.S. and four 
regions 

scale/ 
organization 

Socioeconomic (poverty) No Detrimental: moderate-
size family farms related to 
lower poverty, most regions, 
industrialized farms have 
little relationship to poverty 
in any region 

Barnes and Blevins 
(1993) 

 

Macro-social 
Accounting,   
2,000 rural counties 

U.S. scale/ 
organization 

Socioeconomic (poverty, 
median income) 

No Detrimental 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Durrenberger and 
Thu, (1996) 

Macro-social 
Accounting 

Iowa Scale: farm size in 
acres, total county 
hog inventory, 
farms with hogs, 
farms with more 
than 1000 hogs, 
net agriculture 
sales 

Socioeconomic (people living 
in poverty, people receiving 
food stamps) 

Detrimental: The more large 
scale operations, the fewer 
small and moderate farms and 
the more people who use food 
stamps.  Most hogs in Iowa 
are produced in small and 
moderate sized integrated 
operations.  Since total hog 
operations are related to a 
decline in small and moderate 
sized operations.  The more 
farms that produce hogs, the 
fewer people who use food 
stamps. 

Otto, et al. (1998) Regional Economic 
Impact Study: pork 
operations 

Iowa scale Socioeconomic:  economic 
performance 

No Detrimental: larger units 
create more local jobs and 
income 

Thompson and 
Haskins (1998) 

Regional Economic 
Impact, pork operations 

Iowa scale Socioeconomic: economic 
performance 

Some Detrimental: larger 
units create fewer local jobs 
than smaller units 

Seipel, et al. (1998) Hedonic Price Analysis, 
one county 

Missouri concentrated 
animal feeding 
operation 

Sales prices of farmland parcels 
with and without houses 

Detrimental: reduction in 
property prices of $144 per 
hectare within 3.2 km of a 
CAFO 

Schiffman, et al. 
(1998) 

Quasi-experimental 
Design:  88 matched 
individuals 

North Carolina  concentrated 
animal feeding 
operation 

Social Fabric (social-
psychological distress) 

Detrimental:  residents living 
near swine operations are 
more depressed due to 
psychological and physical 
effects of odors, reduced 
enjoyment of property 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Wing and Wolf,  One 
study, (1999, paper) 
(2000, article)  

Survey Design Study:  
155 residents, three 
communities 

North Carolina concentrated 
animal feeding 
operation 

Social Fabric (quality of life, 
health status) 

Detrimental:  residents of 
CAFO community report 
greater respiratory and 
gastrointestinal problems and 
eye irritations, lower quality 
of life, reduced enjoyment of 
property 

Seipel et al. (1999) Survey Design Study: 
780 residents in four 
counties with pork 
production 

Missouri concentrated 
animal feeding 
operation 

Social Fabric (attitudes toward 
increasing government 
regulation of corporate swine 
production) 

Detrimental:  majority of 
residents support increased 
regulation, strongest 
determinants of this position 
due to perceived detrimental 
economic, social, environ-
mental impacts on 
community  

North Central  
Regional Center for 
Rural Development 
(1999) 

Comparative Case 
Study, 14 farm 
dependent counties, one 
of which recruited 
CAFO 

Oklahoma CAFO county 
compared to 
others 

Socioeconomic:  well-being, 
social fabric, Environment 

Some Detrimental: 
Detrimental on social fabric 
and environment (e.g., greater 
crime), no appreciable gains 
in per capita income and jobs 
relative to non-CAFO 
counties; beneficial effects 
for a few indicators (increase 
in population, school 
enrollment, retail sales and 
property values) 

Irwin et al. (1999) Macro-social 
Accounting:  
3024 counties 

Continental U.S. organization Social Fabric (residential 
stability) 

No Detrimental 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Crowley (1999) Macro-social 
Accounting: 1053 
counties in NC states 

 

12 north central 
states 

organization Socioeconomic  (poverty rate, 
income inequality) 

Detrimental 

 

 
Gomez & Zhang 
(2000) 
 
 
 

Regional Economic 
Impact Models: (rural 
hog producing towns 
located in 76 rural cos. 
and 26 non-metro urban 
cos. with < than 50K 
hogs sold annually) 

Illinois CAFO/Scale  
 

Social Fabric: Annual change in 
inflation-adjusted “real” retail 
spending 
 
 

Detrimental on lower 
economic growth  

Welsh and Lyson 
(2001) 

Macro-social 
Accounting:  433 agric. 
dep. cos. in states with 
anti-corp. farming laws 
and in states without 
such laws. 

Iowa, Kansas, 
Minnesota, 
Missouri, North 
Dakota, 
Oklahoma, South 
Dakota vs. states 
without anti-
corp. farm laws 

Scale/ Organization Socioeconomic:  percentage of 
families in poverty, unemploy-
ment rate, farms realizing cash 
gains 
 
 

Detrimental on agric. dep. cos. 
in states without anti-corp. 
farming laws or in states with 
weaker anti-corp. farming 
laws. 
 
 
 
 

Lyson et al., (2001) 
 
 
 
 
 
 
 
 
 

Macro-social 
Accounting:  433 Ag. 
Dep. Cos. in the U.S 

Ag. Dep. Cos. in 
the U.S. 

Scale/Organization 
 

Social Fabric: Civically engaged 
middle class, participation & 
involvement in civic affairs, 
community welfare   
 
 

Detrimental are mediated by 
presence of civically engaged 
middle class. Communities in 
agric. dep. areas in which a 
high percentage of persons 
work for them- selves or 
operate independent 
businesses have higher levels 
of social welfare. 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Wright et al., (2001) 
 
 
 
 
 

Case Study:  Six CAFO 
counties – Pennington, 
Clearwater, Rock, 
Goodhue, Sterns, 
Morrison 

Minnesota  CAFO/Scale   
 

Social Fabric:  social & 
community well-being – quality 
of life, community interaction, 
social capital 
 
 

Some:  Detrimental  effects for 
neighbors, younger and mid-
sized producers. Positive 
effects for those who 
expanded operations; No 
effects for those not neighbors 
or not expanding.  Detrimental 
due to lack of trust in gov’t. 
agencies and differences in 
shared vision of agric. & of 
local communities. 

Foltz, et al., (2002) 
 
 
 
 

Regional Economic 
Impact Models:  100 
dairy farms in three 
dairy dependent 
communities – Athens, 
Chilton, and Richland 

Wisconsin Scale Social Fabric:  Share of local 
input purchases made locally 
 
 

Detrimental:  Significant 
negative effect for larger farm 
sizes (herd size) on share of 
input purchases made locally. 
 
 
 

 
Peters, (2002) 
 
 
 
 

Macro-social 
Accounting:  All agric. 
dep. cos.  

Iowa, Kansas & 
Missouri 

Organization Socio-economic:  Children at 
risk -- % of children enrolled in 
free-reduced price meals, low 
birth rate infants, 
 
 

Detrimental: Areas with lower 
concentrations of farm 
proprietorships results in 
increased children at risk 
scores. Areas with greater 
concentrations of industrial 
agriculture production results 
in increased children at risk 
scores.   

Wilson et al., (2002) 
 
 
 

Macro-social 
Accounting:  Census 
blocks in rural counties 
with CAFOs 

Mississippi CAFOS (Swine) Social Fabric: Whether swine 
CAFOs were located in high 
poverty/high Black census 
blocks  
 

Detrimental:  Swine CAFOs 
2.4-3.6 times more likely to be 
located census block with poor 
African Americans. 
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Community Well-Being 
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Results 

Deller, (2003) 
 
 
 

Regional Economic 
Impact Models:  2249 
non-metro U.S. cos. 

Non-metro U.S. 
cos. 

Scale Socioeconomic:  Growth rates in 
per capita income 
 
 

Detrimental: Counties 
dominated by larger-scale 
agriculture  experience slower 
growth rates in per capita 
income. As agric expands in 
terms of farm size or  share of 
local economy, downward 
pressure is placed on regional 
growth rates. 

Reisner, et al, (2004) 
 

Survey Design Study:  
22 newspapers covering 
52 cos.  

Illinois CAFOs Swine Social Fabric: Perceptions of 
source of controversy over swine 
CAFOs, of frequency of swine 
CAFO odors, & problems 
caused by CAFOs  
 
 

Detrimental: Residents were 
far less satisfied with presence 
of facilities than farmers 
thought, reported more days 
with odors, were more likely 
to believe that CAFOs 
contributed to water quality 
problems, and report loss of 
value of homes near CAFOs 
 
 
 

Crowley & Roscigno, 
(2004) 
 
 

Macro-social 
Accounting:  All 
counties in North Central 
States -- IA, IL, IN, KS, 
MI, MN,MO, NE, OH, 
ND, SD 

North Central 
States 

Scale/Organization 
 

Socioeconomic: Percent of 
population living below poverty 
& inequality of income 
distribution among families  

Detrimental:  Dimensions of 
farm sector concentration 
shapes both poverty and 
inequality of income. 
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Smithers, et al., (2004) 
 
 
 

Macro-social 
Accounting 

North Huron 
County, Ontario 

Scale Social Fabric:  Community 
involvement, purchasing 
behavior, perception of 
community support by 
expanding, stable, and 
contracting farms  
 

Detrimental:  Farmers in the 
expansionist trajectory were 
constrained in their ability to 
participate in social activities 
& organizations, sought inputs 
at lowest cost, were less 
committed to sourcing locally, 
and saw the community in 
terms of what it could do for 
them rather what they could 
do for it. 

Kleiner (2003) 
 
 

Survey Design Studies:  
Three counties in MO, 
two  characterized by 
swine CAFOs & one by 
independent hog 
production 

Missouri CAFOs Social fabric: Effects of CAFOs 
on rural communities including 
economic, social and 
Environmental 

Detrimental:  Proximity to 
large-scale livestock facilities 
is associated with perceptions 
of CAFO impacts, especially 
environmental impacts.   
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Constance and 
Tuinstra (2005) 
 
 
 

Case Study Design;  
Three rural clusters of 
communities -- 
Normangee and Flynn 
Leon Co. and Midway in 
Madison Co. 

East Texas CAFOs (chicken 
broilers) 

Social Fabric: Odor, water 
quality, health, property values, 
source of conflict, social effects  
 

Detrimental:  Quality of life 
deteriorated as  it became 
more stressful and less 
neighborly.  Neighbors 
focused on issues of odor 
nuisances, water pollution, 
health problems, property 
values, & community 
disruption.  Growers 
minimized complaints by 
saying that neighbors’ 
jealousy was the root cause of 
discomfort or suggested they 
were city folks with 
impractical views of rural 
areas. 
 

Whittington & Warner 
(2006) 

Case Study Design: Two 
communities with large-
scale dairies (under 700 
cows)  Jackson Twp. in 
Wyandot Co. and 
Liberty Twp. in Wood 
Co. 

Ohio Scale Social Fabric:  Knowledge of 
and attitudes towards managers 
of risk of large scale dairies  

Detrimental:  Community 
members unable to identify 
managers of risk, felt hopeless 
to act, personal experience in 
agric. leads to understanding 
of issues, large-scale animal 
agric. is a cultural shift, two-
way communication is 
essential, safety precautions 
by CAFO leads to greater 
community acceptance. 
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Jackson-Smith & 
Gillespie (2005) 
 
 
 

Survey Design Studies:  
Nine dairy farm 
dependent rural 
communities in seven 
states 

Dairy dependent 
areas in NY, WS, 
MN, TX, UT, 
ID, & NM 

Scale  Social Fabric: Relationships 
between farmers & neighbors; 
how well they know their 
neighbors; if they had ever had 
complaints about odor, flies, or 
noise; level of involvement in 
local community organizations 
& activities;  

Some:  Demographic variables 
are related to knowing 
neighbors well.  When these 
are variables are controlled, 
there is little evidence that size 
of farm or use of hired 
workers was related to 
relationships with neighbors.  
Farm size is strongest 
predictor of likelihood that 
neighbors have complained 
about a dairy operation. 

 
Foltz and Zueli, 
(2005) 
 
 
 

Survey Design Studies:  
141 dairy farmers in 
three dairy dependent 
WS towns – Athens, 
Chilton, and Richland  

Wisconsin dairy 
dependent towns 

Scale:  Farm size 
measured by size 
of dairy herd 

Social Fabric:  Annual quantity 
of expenditures per unit for 
various farm inputs and supplies  
 

No Detrimental:  Very little 
evidence that small farms are 
more likely to buy locally than 
large farms.  Purchasing 
patterns are commodity 
specific and not determined by 
farm size or farm-level 
characteristics. Presence of 
local marketing outlets affects 
decisions to purchase locally.  
Community attachment affects 
purchasing decisions when 
there is a choice available 
locally.  

 
McMillan and 
Schulman (2003) 
 
 
 
 
 
 

Case Study:  Two CAFO 
counties, four focus 
groups (Citizens, 
Leaders, Producers, 
Activists) and anti-hog 
informants interviews 

No. Carolina CAFOs Social Fabric: neighbor 
relations, environmental 
concerns, health concerns, 
enjoyment of property, quality of 
democratic participation, 
community cohesiveness 

Detrimental: Increased 
community conflict and  
tensions between neighbors, 
reduced quality of life due to 
CAFO odors, increased 
worries about health concerns 
related to CAFO odors, and  
worries about environmental 
consequences 
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North Dakota Department of Health 

Environmental Section 

Division of Water Quality 

Attention: Karl Rockeman, P.E. 

 

Additional Public Hearing Testimony Regarding the Rolling Green Family Farms Re LLP submitted from 

The Concerned Citizens of Buffalo 

Dear Mr. Rockeman, 

The Concerned Citizens of Buffalo hereby request that the Permit Applicant be rejected due to being 

incomplete. The Permit Application lacks calculations and disclosure of expected mortality rates of all 

groups of the hog population planned to be present at the facility.  These expected rates, along with the 

expectation of stillbirth hog quantities, and afterbirth volume have not been disclosed nor have the 

proposed procedures for composting, calculations of total volume of carcass/carrion/animal material to 

be composed, and the actual verification of necessary compost bin area and volume necessary to safely 

and effectively compost the carrion.  Without these calculations and “right sizing” of the compost bins, 

and without stated proposed procedures and processes, the composting process itself will become one 

of the most dangerous exposures of pathogen spread from flies/insects, scavengers and predators.  The 

biological waste fluids will spill from the bin area and contaminate the site, the runoff areas, and 

subsequently the adjacent farm lands, with potentially lethal pathogens.  As stated during the verbal 

presentation by yourself at the actual hearing, “…an incomplete permit application is one of the grounds 

for rejection…”  Your follow-up and rejection of the permit is expected. 

Thank you for clarifying those points in the hearing. 

 

Alan D. Dostert, on behalf of  

The Concerns Citizens of Buffalo 

 

CC: (via email) 

Derrick Braaten  

Liane Stout 



March 18, 2016 
 
 
 
 
 
North Dakota Department of Health 
Division of Water Quality 
918 Divide Avenue, 4th Floor 
Bismarck, ND  58501-1047 
 
Attention: Karl Rockeman, Director 
 
 
This addendum is submitted on behalf of the Concerned Citizens of Buffalo 
regarding the Rolling Green Family Farms illegal permit application. 
 
“We demand that the nutrient application setbacks match those that have been 
submitted and filed at the North Dakota Department of Health by Howes 
Township on February 26, 2016.”  
 
Please include this statement as part of testimony. 
 
 
Liane Stout, on behalf of  
The Concerned Citizens of Buffalo 
 
cc:  via email 
Derrick Braaten 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Monday, March 21, 2016 10:24 AM
To: Strommen, Rachel A.; Haroldson, Marty R.
Subject: FW: CAFO

More comments for the record. 
 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 

From: kent beilke [mailto:kentbeilke@hotmail.com]  
Sent: Saturday, March 19, 2016 12:57 PM 
To: Rockeman, Karl H. 
Subject: FW: CAFO 
 
 

From: kentbeilke@hotmail.com 
To: health@state.nd.us 
Subject: CAFO 
Date: Sat, 19 Mar 2016 12:25:16 -0500 
ND Department of Health, 
    My name is Kent Beilke and I live two and a half miles from the proposed hog facility near Buffalo. I had 
turned in my concerns at the Buffalo meeting but after attending and hearing some of the statements I am 
writing another. 
    I heard the statement that someone prepared on behalf of our Ag. Commissioner and the ND Farm Bureau's 
presidents speech touting economics and calling us liars. I find it very concerning that our ND elected officials 
made a point to praise the economic benefits of this CAFO, (which is very very easily proven to be wrong), 
during a meeting  that I was under the impression was only to give health and and environmental concerns. If I 
would have known that anyone would come and talk economics I would have had a speech prepared for the 
meeting. It personally offended me when ND's Farm Bureau president had the nerve to stand up in front of 
the people who's lives will forever be affected and talk in favor of an industry that has negatively effected his 
own life since the middle 90's.  
   The Health Dept. has all the records of what was presented at the meeting and I would ask you what health 
concerns from the ND citizens were dispelled by the proponents of this facility? They know they cannot prove 
that there are no health and environmental problems that arise from every single large scale CAFO.  
     Sean, who happens to be their legal representative, made the biggest impression on me when he spoke. He 
used the word "intent" many times. Intent always seems to be a lawyers favorite word when they are trying to 
minimize the responsibility of ones actions. Sean, using the word "intent" throughout his whole speech even 
before any health or environmental issues have arisen should have sent up a red flag to the health Dept. that 
they are already trying to minimize responsibility for problems that surely will arise from this project.  



2

Knowing very well the community would be showing documented health and environmental issues from these 
type corporate farms, why did not the proponents  provide testimony to contradict what they knew was 
coming? Fact is they cannot! 
    My last concern is who will be held responsible for the adverse health and economic issues the will arise 
from this facility? Can a ND resident file suit against the state of ND, the Health Dept. or even the Corporation 
bringing this to our state? 
 
    I strongly urge the Health Dept. to do what their job demands and provide a clean and healthy environment 
for the residents of ND which must inclide the denial pf this permit! 
 
Thanks, Kent  
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Monday, March 21, 2016 10:24 AM
To: Haroldson, Marty R.; Strommen, Rachel A.
Subject: FW: Buffalo

More comments for the record. 
 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 

From: Michelle Weigelt [mailto:mmweig3122@hotmail.com]  
Sent: Saturday, March 19, 2016 1:01 PM 
To: Rockeman, Karl H. 
Subject: Buffalo 
 
 
I am writing in petition against the proposed pig farm at Buffalo ND. I am a nurse and we are all aware of the 
documented health risks to surrounding land and human beings of pig farms. My question to you is, in recent 
years a commercial pig farm permit was declined by Carrington, ND. This area is much more remote than the 
proposed area in Buffalo, so why will one be granted in a much more populated area? Please take a serious look 
at this situation and my hope is you will listen to your concerned citizens. Thank you for your attention. 
Michelle Weigelt 
P.O.Box 273 
Fessenden, ND 58438-0273  
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Strommen, Rachel A.

From: Kyle Schultz [embdenhaymaker@gmail.com]
Sent: Saturday, March 19, 2016 3:50 PM
To: Strommen, Rachel A.
Subject: Support for hog operation near Buffalo

I am just writing to show my support for the proposed hog operation by Rolling Green Family Farms LLP. My 
farm is located near Embden which is approximately 7 miles from the proposed site. As a cattle producer and 
farmer with my major commodity being row crops, I see a need of more livestock operations in the area to use 
our corn and soybeans as feed. I realize there may be issues but this will be a state of the art operation with a 
major emphasis on biosecurity, using the latest technology so the whole"stink" factor is not a valid point against 
it. Please see through all the negative comments and help North Dakota move forward in recruiting more 
livestock production.  
 
Thank You, 
 
Ryan Schultz 
Kyle Schultz 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Friday, March 18, 2016 4:24 PM
To: Strommen, Rachel A.
Subject: FW: Testimony regarding Rolling Greens proposed hog-facility near Buffalo

Another comment for the record 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 
From: Vicki J Wendt [mailto:Vicki.Wendt@corelinksolutions.com]  
Sent: Friday, March 18, 2016 4:04 PM 
To: Rockeman, Karl H. 
Subject: Testimony regarding Rolling Greens proposed hog-facility near Buffalo 
 
Good afternoon, Mr. Rockeman. 
 
I testified at the hearing in Buffalo yesterday. I am adding additional testimony which you said you are accepting through 
March 19th. 
 
We heard many comments at the hearing regarding how the proposed facility “meets code”. My concern is that the 
“code” is not strong enough to protect our community from the risks of living alongside a CAFO. It appears that the State 
of ND has limited experience with such operations. Hence, researching what’s happened in other states is necessary to 
make an informed decision. There are substantial amounts of studies done by various universities and research 
organizations that factually suggest health risks to CAFO neighbors and CAFO employees. Pipestone representatives 
suggested yesterday that these are just fears and not reality. I disagree. These are real research studies which present 
factual evidence. Promises that it “will all be fine” are where the assumptions lie. Also, as Alecia Wisnewski testified, our 
society does have reason to be concerned about increasing antibiotic resistance and that effect on human health. The 
CAFO role in contributing to such increased antibiotic resistance is very reasonably questionable. Proponents want to 
call our fears unfounded when there is plenty of evidence that the risks to human health are very real. It would be 
irresponsible for the Department of Health to approve this permit, regardless of current code, when there is so much 
evidence of risk. Why would the Department of Health take that chance? It would be premature to grant a permit at this 
time. We are not currently subjected to these risks. Studies show that the risks are real. It is not acceptable to bring such 
a controversial operation into our neighborhood. Your responsibility is to protect public health, not promote economic 
development. 
 
Regarding odor nuisance: You said a level of odor is considered unacceptable when it “affects our behavior” and that 
code has deemed a “7” on your smell-o-meter scale as such a level. You referred to the need to close windows as an 
affected behavior. I would consider avoiding outdoor eating due to odor as a behavior change. I expect the department 
of health to determine that odor nuisance level before subjecting our community to it. By the way, if this odor affects 
our way of life, it is more than a nuisance. It’s life-changing. 
 
One might also claim that this is just one facility. Well, the Ag Commissioner’s plan to balance crop production with 
livestock production in the state is not going be done with one facility. The plan is certainly for multiple facilities built 
over time. You permit one and it’s just a matter of time before you’re approving more. I’m begging you to stop it before 
it starts. Make sure you know exactly what you’re approving before you set the ball rolling. One of the local farmer 
proponents of this facility told one of our Concerned Citizens of Buffalo that Pipestone’s long-term vision is to put a 
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facility every three miles along I94 from Casselton to Valley City, a “corridor of hog facilities”, with another corridor 
along highway 2. What effect will that have on our state? It will drastically change our way of life in our treasured state. 
 
Find this out and communicate it to the public: What is the State’s Plan in regard to developing livestock production in 
North Dakota? And at who’s expense? 
 
We value our rural North Dakota quality of life over mere economic development. Prove to us that you’re not willing to 
risk public health for somebody else’s money, especially out-of-state money. And keep in mind that government exists 
for the people. Represent us with integrity. 
 
Thank you. 
 
Vicki Wendt 
3805 139 Ave SE 
Buffalo, ND 58011 
 
 
 
Confidentiality Notice: This communication and any attachments are for the sole use of the intended 
recipient(s) and may contain confidential and privileged information. Any unauthorized review, use, disclosure, 
distribution or copying is prohibited. If you are not the intended recipient(s), please contact the sender by 
replying to this e-mail and destroy/delete all copies of this e-mail message.  
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Friday, March 18, 2016 2:36 PM
To: Strommen, Rachel A.
Subject: FW: "family farm" - CAFO

Another comment for the record. 
 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 

From: Brenda Jorgenson [mailto:brendajorgenson@hotmail.com]  
Sent: Friday, March 18, 2016 12:10 PM 
To: Rockeman, Karl H. 
Subject: "family farm" - CAFO 
 
CAFO is Confined Animal Feeding Operation.  9000 hogs confined to one feeding operation is not a Family 
Farm operation.  Those two ideas are not acceptable in my book.  Misconstruing the confinement of 9000 
hogs as a family farm operation is a lot more - it's an outright false statement.   The name Rolling Green Family 
Farms give the illusion of something wholesome.  Confining 9000 hogs is not wholesome.  It is far from 
wholesome.  There will be no "green" and there is no "family farm"!  The area of eastern North Dakota is not 
even "rolling".  So these folks are already lying before they get past their farm name.  My trust in anything 
more about them is lost.  My trust in our ND State Department of Health (NDDoH) is very low after seeing all 
the spills in NW ND and how the companies are being coddled by the NDDoH rather than fined and punished 
for their wrong-doings!  The NDDoH sides with the ND Industrial Commission and the ND Petroleum 
Association rather than the landowners and neighbors.   This is a big problem. 
 
There is no need to contaminate any more land that could otherwise be useful for food production.    There 
are other means to produce food than in a CAFO.  Our Ag Dept need to realize that the farmers/ranchers that 
have been here for years and are struggling to produce wholesome food for the masses need help to keep real 
"Family Farms" in operation - not backing this fiasco.  
 
Please share this with others! 
 
Brenda Jorgenson 
701-464-5710 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Friday, March 18, 2016 2:27 PM
To: Strommen, Rachel A.
Subject: FW: Rolling Greens Family Farm LLP water permit

Another comment for the record 
 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 
From: Craig Scott [mailto:craig.scott@bis.midco.net]  
Sent: Friday, March 18, 2016 12:06 PM 
To: Rockeman, Karl H. 
Subject: Rolling Greens Family Farm LLP water permit 
 

Dear Mr. Karl Rockeman, 

As someone who cares about the health of all people in North Dakota, I ask that you reject the application from 
Rolling Green Family Farms, RE, LLP to build a 9,000 hog factory near Buffalo. The permit application falls 
short in many areas. The full application for the NDPES permit is not available on the North Dakota 
Department of Health's website. The full application should be there so the public can easily access the 
application and evaluate it. 

The proposed hog factory is very close to the town of Buffalo. Why should the people living there sacrifice their 
quality of life when all of the potential benefits of the operation go to investors who live outside of the 
community? 

There are countless stories from communities in Iowa, South Dakota and other states of people becoming sick 
because of living nearby these types of hog factories. There are better ways to develop animal agriculture in 
North Dakota that do no put the health of people and communities like Buffalo at risk. Please reject this permit 
application.  

According to a Johns Hopkins (Center for a Livable Future) analysis of peer reviewed studies (see attached), 
some of the potential negative health impacts include: 

• groundwater and surface water pollution and associated health impacts 
• air pollution, odors, and associated health and social impacts 
• antibiotic resistance and the spread of infectious diseases to communities 

Click here to download the letter from Johns Hopkins concerning the health impacts of the proposed CAFO in 
Buffalo. 

I returned from my father's home and spent 3 days in the Marshalltown, Iowa area last week with 
family. I am not sure if you have ever visited Iowa but I assure you that the odor that looms over the 
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area is not the smell of money it is VERY distinct and in some cases out right offensive. I invite you to 
take a trip to central Iowa now that winter is at bay and see for yourself what confined animals can do 
to the environment. I am sure you have heard of the pollution in the rivers in Iowa this past year. The 
city of Des Moines has a law suit pending against several counties in Iowa for the pollution of the 
river, the major water supply for the city. Believe me confined animals had a part to play in this issue 
as the manure that is produced is injected into the soil and thus increased the nitrate runoff into the 
water ways of the state.  
 
Please reject the application.  
 
Craig Scott 
716 N. Washington St 
Bismarck, ND  58501 
701.391.2128 
 



1

Strommen, Rachel A.

From: Todd Sears [tddsrs@gmail.com]
Sent: Friday, March 18, 2016 1:15 PM
To: Strommen, Rachel A.
Subject: Rolling Green - Buffalo ND

I support the right of the facility for Rolling Green Family Farm LLC to proceed as long as they meet  legal 
requirements.  We must use science and common sense to make any regulations not fear and mass hysteria.  
The legal use of property and ability to have large scale animal agriculture is critical to the future of North 
Dakota. 
 
Todd Sears 
Wheatland ND 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Friday, March 18, 2016 10:34 AM
To: Strommen, Rachel A.
Subject: FW: Rollin Greens Family Farms

Another comment for the record 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 
 
-----Original Message----- 
From: -Info-Dept. of Health  
Sent: Friday, March 18, 2016 7:59 AM 
To: Glatt, Dave D.; Rockeman, Karl H. 
Cc: Cain, Cindy C.; Piper, Dianna L. 
Subject: FW: Rollin Greens Family Farms 
 
FYI 
Londa 
 
 
-----Original Message----- 
From: Brian Steckler [mailto:killorantrucking@icloud.com]  
Sent: Thursday, March 17, 2016 6:14 PM 
To: -Info-Dept. of Health 
Subject: Rollin Greens Family Farms 
 
I do not know if I am to late or not but I thought I would go head and email any how.  
 
After today's testimonies I do not know how you let Rolling Greens continue with the hog 
operation that the have proposed. I am not against it but do believe there needs to be more 
consideration into the build plans and manure spreading operations of this facility.  
 
I work for 15 years in commercial construction and Mr Doserts testimony is complete accurate. 
You DO NOT and CANNOT pour concrete in the Red River Valley without control joints no matter 
the length let alone 700 feet. Talk to any one that has ever done concrete work in North 
Dakota and they will tell you the same. After listening to today's testimony the Heath 
Department has totally dropped the ball on this and is in great danger of letting a mass 
disaster happen.  
 
Sent from my iPhone 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Friday, March 18, 2016 10:33 AM
To: Strommen, Rachel A.
Subject: FW: Reject the application from Rolling Green Family Farms, RE, LLP to build a 9,000 hog 

factory near Buffalo, ND (Public Notice: ND-2016-007, ND Pollutant Discharge Elimination 
System Discharge Permit)

Another comment for the record 
 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 

From: Terry Schaunaman [mailto:eqlrght@gmail.com]  
Sent: Thursday, March 17, 2016 10:31 PM 
To: Rockeman, Karl H. 
Subject: Reject the application from Rolling Green Family Farms, RE, LLP to build a 9,000 hog factory near Buffalo, ND 
(Public Notice: ND-2016-007, ND Pollutant Discharge Elimination System Discharge Permit) 
 

March 17, 2016  
 

  

Karl Rockeman 

North Dakota Department of Health 

Division of Water Quality 

918 E Divide Avenue, 4th Floor 

Bismarck, ND 58501-1947 

  

  

Dear Mr. Karl Rockeman, 

  

I urge you to reject the application from Rolling Green Family Farms, RE, LLP to build a 9,000 hog factory 
near Buffalo, ND (Public Notice: ND-2016-007, ND Pollutant Discharge Elimination System Discharge 
Permit), for the following reasons: 
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1)    Studies assessing consequences of CAFOs on the social fabric of communities find detrimental 
impacts - overall decrease in quality of life in their communities 

2)    Residents near CAFOs report decreased property values  

3)    Negative impacts of large, industrial agricultural operations on traditional diversified farming 
communities 

4)    Residents of hog CAFO communities reported greater respiratory problems and eye irritations 

5)    Growing concerns about the higher risks of E-coli O157:H7 and antibiotic resistant bacteria, 
including MRSA  

6)    Residents living near CAFOs report being more depressed due to psychological and physical effects 
of odors 

7)    Inevitable odors caused by huge quantities of livestock manure generated and number of animals 

8)    Pollution of streams, aquifers, and watersheds with huge quantities of animal and antibiotic wastes  

9)    Studies on large animal confinement operations report environment problems affecting air and water 
quality and human health 

10)  Create greater inequity in income distribution - new jobs are lower-paying than existing jobs    

  

Because of overwhelming negative/detrimental impacts of CAFOs on the quality of community life, I urge you 
to reject the application. 

  

  

Terry Schaunaman 

1314 6th Ave S 

Fargo, ND 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Friday, March 18, 2016 10:32 AM
To: Strommen, Rachel A.
Subject: FW: Reject Permit for 9,000 Hog Factory near Buffalo

Another comment for the record 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 
 
-----Original Message----- 
From: Rev. Gretchen Deeg [mailto:gdeeg@midconetwork.com]  
Sent: Thursday, March 17, 2016 10:57 AM 
To: Rockeman, Karl H. 
Subject: Reject Permit for 9,000 Hog Factory near Buffalo 
 
Dear Mr. Karl Rockeman, 
 
The health of everyone in North Dakota is important to me. Please reject the application from 
Rolling Green Family Farms, RE, LLP to build a 
9,000 hog factory near Buffalo.  This permit is not good for North Dakotans. 
 
The proposed hog factory is too close to the town of Buffalo. No one should be asked to 
sacrifice their health and quality of life for an operation that will primarily benefit 
people outside of the community. 
 
There are countless stories from communities in Iowa, South Dakota and other states of people 
becoming sick because of living nearby these types of hog factories. There are better ways to 
develop animal agriculture in North Dakota that do no put the health of people and 
communities like Buffalo at risk. Please reject this permit application. 
 
Thank you, 
 
Gretchen Deeg 
Bismark, ND 58501 
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Strommen, Rachel A.

From: Rockeman, Karl H.
Sent: Friday, March 18, 2016 10:32 AM
To: Strommen, Rachel A.
Subject: FW: Buffalo Hog Operation

Another comment for the record 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 
From: Jean [mailto:jhmcmanigle@yahoo.com]  
Sent: Thursday, March 17, 2016 10:19 AM 
To: Rockeman, Karl H. 
Subject: Buffalo Hog Operation 
 

Dear Mr. Karl Rockeman, 

As someone who cares about the health of all people in North Dakota, I ask that you reject the application from 
Rolling Green Family Farms, RE, LLP to build a 9,000 hog factory near Buffalo. The permit application falls 
short in many areas. The full application for the NDPES permit is not available on the North Dakota 
Department of Health's website. The full application should be there so the public can easily access the 
application and evaluate it. 

The proposed hog factory is very close to the town of Buffalo. Why should the people living there sacrifice their 
quality of life when all of the potential benefits of the operation go to investors who live outside of the 
community? 

There are countless stories from communities in Iowa, South Dakota and other states of people becoming sick 
because of living nearby these types of hog factories. There are better ways to develop animal agriculture in 
North Dakota that do no put the health of people and communities like Buffalo at risk. Please reject this permit 
application.  

According to a Johns Hopkins (Center for a Livable Future) analysis of peer reviewed studies (see attached), 
some of the potential negative health impacts include: 

• groundwater and surface water pollution and associated health impacts 
• air pollution, odors, and associated health and social impacts 
• antibiotic resistance and the spread of infectious diseases to communities 

Gene and Jean McManigle 
 
Fort Ransom ND 
 
Sent from Mail for Windows 10 
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The Johns Hopkins Center for a Livable Future 
Bloomberg School of Public Health 
615 North Wolfe Street, W7010 
Baltimore, MD 21205 
 
March 14, 2016 
 
Dr. Terry Dwelle 
State Health Officer 
North Dakota Department of Health 
600 East Boulevard Ave 
Bismarck, ND 58505-0200 
 
Disclaimer: The opinions expressed herein are our own and do not necessarily reflect the views 
of The Johns Hopkins University. 
 
Re: Rolling Green Family Farms RE LLP proposed 9,000-head capacity sow facility 
 
Dear Dr. Dwelle, 
 
We are researchers at The Johns Hopkins Center for a Livable Future, based at the Bloomberg 
School of Public Health. The Center engages in research, policy analysis, education, and other 
activities guided by an ecologic perspective that diet, food production, the environment, and 
public health are interwoven elements of a complex system. We recognize the prominent role 
that food animal production plays regarding a wide range of public health issues within and 
associated with that system.   

We have been contacted by Buffalo, North Dakota residents concerning the proposed 9,000-head 
capacity sow operation, Rolling Green Family Farms. We understand that the North Dakota 
Department of Health is preparing to review a Confined Animal Feeding Operation permit 
application for this operation, and we are writing to express our concerns regarding the potential 
public health impacts of this operation. Based on evidence from numerous scientific studies of 
similar facilities, the proposed operation, if constructed and put into operation, may present a 
range of health risks to members of the surrounding community. 
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Our concerns regarding the proposed swine operation include the following: 
 

1. Antibiotic resistance and the spread of infectious diseases to communities 
2. Groundwater and surface water pollution, and associated health impacts 
3. Air pollution, odors, and associated health and social impacts 

 
These are detailed below, with supporting evidence from the peer-reviewed scientific literature. 
Thank you for the opportunity to comment on this important issue—we appreciate you taking 
these concerns into consideration.  
 

1. Industrial swine production has been linked to the spread of antibiotic-resistant 
pathogens to surrounding communities. 
 
Crowded conditions in intensive livestock operations present frequent opportunities for the 
transmission of viral and bacterial pathogens among animals, and between animals and 
humans. Many of these pathogens live in the digestive tracts of animals and are passed in 
their waste (1–3). 
 
The severity of disease risks stemming from intensive livestock production is heightened by 
the potential for infection with antibiotic-resistant bacteria. The non-medicinal use of 
antibiotic drugs as a means for growth promotion1 in animals has become commonplace—an 
estimated 80 percent of antibiotics sold for human and animal uses in the U.S. are sold for 
use in food-producing animals (4). Administering antibiotics to animals at doses too low to 
treat disease fosters the proliferation of antibiotic-resistant pathogens. Resistant infections in 
humans are more difficult and expensive to treat (5) and more often fatal (6) than infections 
with non-resistant strains. The continued misuse of antibiotics in food animal production 
thereby threatens the effectiveness of these lifesaving resources for combating disease. 
 
A growing body of evidence points to the potential pathways by which pathogens (antibiotic-
resistant or otherwise) might spread from intensive livestock operations into communities. 
Studies suggest, for example, that antibiotic-resistant pathogens may be transmitted by 
workers into their homes and communities (7–10), conveyed by runoff into ground and 
surface waters (3), blown out of barns by ventilation systems (11–13), and spread to 
consumers via contaminated meat (14,15). Pathogens may also be transported by flies (16), 
wild birds (17,18), and animal transport vehicles (19).  
 

																																																								
1U.S. Food and Drug Administration (FDA) voluntary industry guidelines continue to endorse the use of antibiotics 
in livestock production for “disease prevention”, which allows for dosing that is largely indistinguishable from 
growth promotion, thus tolerating business as usual (45). 
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Further evidence for disease transmission risks was documented in a 2013 study of nearly 
450,000 Pennsylvania residents, in which living near larger swine operations or cropland 
where swine manure is spread was significantly associated with elevated rates of infection 
with methicillin-resistant Staphylococcus aureus (MRSA) and skin and soft tissue infections 
(20). MRSA is an antibiotic-resistant pathogen that can be challenging and expensive to treat. 
In a similar study in Iowa, persons living closer to swine operations had a greater risk of 
colonization with MRSA (21). 
 
Industrial swine operations also present opportunities for the replication, mutation, and 
recombination of viruses—including novel influenza viruses—that may facilitate human-to-
human transmission (22). Workers in swine operations face a greater risk of infection and 
may also increase the risk of influenza virus transmission to their surrounding communities 
(23,24). 
 

2. Industrial swine operations can contaminate ground and surface waters, potentially 
leading to health impacts 
 
Confining large numbers of animals indoors presents the challenge of how to collect, store, 
and dispose of the massive quantities of manure they generate. When such quantities are 
applied to nearby fields (the usual method of disposal), the amounts often exceed what 
surrounding land can absorb. When manure is over-applied, the excess—along with chemical 
and bacterial contaminants—is transported by runoff into surface waters and may leach into 
groundwater. A 2015 study traced fecal microbes specific to swine in surface water upstream 
and downstream of swine operations and found that swine specific microbes were nearly 2.5 
times as prevalent in surface water downstream than upstream of swine operations, indicating 
poor sanitary quality of surface waters near industrial swine operations (25). 
 
A 440 lb gestating sow generates an average of 11 lbs of wet manure daily2, or roughly three 
times the mass of excreta generated by a person (26). With a projected inventory of over 
9,000 sows, a conservative estimate indicates that Rolling Green Family Farms would be 
comparable, in terms of waste generated, to the addition of over 30,000 humans—more than 
150 times the population of Buffalo, ND—without the benefit of a wastewater treatment 
plant to treat microbial and chemical pathogens. 
 
Communities living near or downstream from confinement operations may be exposed to a 
range of waterborne contaminants, including nitrates, bacterial and viral pathogens, heavy 
metals, and veterinary pharmaceuticals (27). People may be exposed to these contaminants 
from drinking contaminated groundwater, placing them at greater risk for adverse health 

																																																								
2	Lactating sows generate an average of 25 lbs of wet manure per day (26).	
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outcomes. Chronic exposure to nitrates (naturally occurring in animal waste), for example, 
has been associated with increased risks for thyroid conditions (28,29), birth defects and 
other reproductive problems (28,30), diabetes (28), various cancers (28,31), and 
methemoglobinemia (blue baby syndrome), a potentially fatal condition among infants (32).  
 

3. Industrial swine operations release air pollutants and odors, which are associated 
health and social impacts 
 
Animal confinement operations have been linked to a range of airborne pollutants, including 
ammonia, hydrogen sulfide, and other gases emitted from animal waste; and airborne 
particulates, which may be comprised of dried feces, animal dander, fungal spores, and 
bacterial toxins (33). 
 
Much of the research on the health effects associated with exposure to airborne pollutants 
from confinement operations has focused on workers. At least one in four workers in these 
operations are estimated to suffer from respiratory illness (34).  
 
A growing body of evidence suggests residents living near animal confinement operations 
may also be at greater risk of respiratory illness. One study detected high concentrations of 
particulate matter downwind from swine confinement operations, which was linked to 
wheezing, breathing difficulties, and eye, skin, and nasal irritation among residents of 
downwind communities (35). Indicators of air pollution (e.g., odors) from swine confinement 
operations have also been linked to asthma symptoms among students at nearby schools (36). 
 
Odors associated with air pollutants from confinement operations have been found to 
interfere with daily activities, quality of life, social gatherings, and community cohesion 
(34,37). In addition to the stigma and social disruption they often generate, odors from swine 
confinement operations have been associated with physiological and psychological effects, 
including high blood pressure, depression, anxiety, and sleep disturbances (38–40). 

 
 
Residents in Buffalo, ND and surrounding areas have relayed concerns to us regarding 
community members’ various chronic health conditions, including asthma, chronic obstructive 
pulmonary disease (COPD), high blood pressure, cancer, and other ailments. There is evidence 
that some of these conditions—primarily asthma—may be exacerbated by living near industrial 
food animal production facilities (41,42), which raises concerns about whether these residents 
could be particularly vulnerable to the health risks described above. 
 
We hope our letter is helpful in describing some of the potential public health harms associated 
with large-scale swine confinement operations. We strongly advise the North Dakota Department 
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of Health to take these concerns into consideration when deciding whether or not to approve the 
construction of Rolling Green Family Farms. Through our research, we know that health 
departments face many barriers addressing issues surrounding industrial food animal production 
(43,44), and we are prepared to serve as a resource to your office. Please do not hesitate to 
contact us if you have any questions. 

Sincerely, 
 
Anthony So, MD, MPA 
Robert S. Lawrence Professor, Department of Environmental Health Sciences 
Johns Hopkins Bloomberg School of Public Health 
Director, Johns Hopkins Center for a Livable Future 
Johns Hopkins University 
 
Robert S. Lawrence, MD 
The Center for a Livable Future Professor in Environmental Health Sciences and Professor 
Departments of Environmental Health Sciences, Health Policy and Management, and 
International Health 
Johns Hopkins Bloomberg School of Public Health 
Founding Director, Johns Hopkins Center for a Livable Future 
Johns Hopkins University 
 
Jillian P. Fry, PhD, MPH 
Assistant Scientist, Department of Environmental Health Sciences 
Johns Hopkins Bloomberg School of Public Health 
Project Director 
Johns Hopkins Center for a Livable Future 
Johns Hopkins University 
 
Keeve E. Nachman, PhD, MHS 
Assistant Professor, Departments of Environmental Health Sciences and Health Policy and 
Management 
Johns Hopkins Bloomberg School of Public Health 
Program Director, Food Production and Public Health 
Johns Hopkins Center for a Livable Future 
Johns Hopkins University 
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Robert P. Martin 
Senior Lecturer, Department of Environmental Health Sciences  
Johns Hopkins Bloomberg School of Public Health 
Program Director, Food System Policy Program 
Johns Hopkins Center for a Livable Future 
Johns Hopkins University 
 
Brent F. Kim, MHS 
Program Officer, Food Production and Public Health 
Johns Hopkins Center for a Livable Future 
Johns Hopkins University 
 
Claire M. Fitch, MSPH 
Program Officer, Food System Policy 
Johns Hopkins Center for a Livable Future 
Johns Hopkins University
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Manure and Food-Processing Waste

Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

G3A Parnell silty clay
loam, 0 to 1
percent slopes

Very limited Parnell (64%) Slow water
movement
(1.00)

28.3 0.4%

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Vallers (10%) Depth to
saturated zone
(1.00)

Leaching (0.70)

Vallers,
moderately
saline (9%)

Depth to
saturated zone
(1.00)

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Southam (6%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Tonka (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Ferney (3%) Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (0.50)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

G6A Vallers loam, 0 to
1 percent
slopes

Very limited Vallers (67%) Depth to
saturated zone
(1.00)

305.6 4.2%

Leaching (0.70)

Vallers,
moderately
saline (8%)

Depth to
saturated zone
(1.00)

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Tonka (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Parnell (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Cresbard (2%) Slow water
movement
(1.00)

Sodium content
(0.32)

G100A Hamerly-Tonka
complex, 0 to 3
percent slopes

Very limited Tonka (28%) Slow water
movement
(1.00)

1,933.7 26.8%

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Wyard (7%) Ponding (1.00)

Depth to
saturated zone
(0.86)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Vallers,
moderately
saline (7%)

Depth to
saturated zone
(1.00)

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Parnell (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Cavour (3%) Slow water
movement
(1.00)

Sodium content
(1.00)

G101A Hamerly-Wyard
loams, 0 to 3
percent slopes

Somewhat
limited

Hamerly (46%) Depth to
saturated zone
(0.86)

1,499.5 20.8%

Balaton (7%) Depth to
saturated zone
(0.22)

Hamerly,
moderately
saline (5%)

Depth to
saturated zone
(0.86)

Salinity (0.50)

Sodium content
(0.18)

G117A Hamerly loam,
saline, 0 to 3
percent slopes

Somewhat
limited

Hamerly,
moderately
saline (55%)

Depth to
saturated zone
(0.86)

7.1 0.1%

Salinity (0.50)

Sodium content
(0.18)

Hamerly (8%) Depth to
saturated zone
(0.86)

Balaton (7%) Depth to
saturated zone
(0.22)

G118A Vallers loam,
saline, 0 to 1
percent slopes

Very limited Vallers,
moderately
saline (68%)

Depth to
saturated zone
(1.00)

27.9 0.4%
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Tonka (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Cresbard (4%) Slow water
movement
(1.00)

Sodium content
(0.32)

Parnell (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Easby (3%) Depth to
saturated zone
(1.00)

Salinity (1.00)

Sodium content
(1.00)

Droughty (1.00)

Slow water
movement
(0.50)

G125A Cavour-
Cresbard
loams, 0 to 3
percent slopes

Very limited Cavour (49%) Slow water
movement
(1.00)

5.8 0.1%

Sodium content
(1.00)

Cresbard (25%) Slow water
movement
(1.00)

Sodium content
(0.18)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Ferney (5%) Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (0.50)

Tonka (2%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Vallers,
moderately
saline (2%)

Depth to
saturated zone
(1.00)

Leaching (0.70)

Salinity (0.50)

Sodium content
(0.32)

Droughty (0.03)

G143A Barnes-Svea
loams, 0 to 3
percent slopes

Not limited Barnes (39%) 361.0 5.0%

Svea (38%)

Buse (2%)

G143B Barnes-Svea
loams, 3 to 6
percent slopes

Not limited Barnes (42%) 784.0 10.9%

Svea (21%)

Buse (9%)

Swenoda (3%)

G143C Barnes-Buse-
Langhei
loams, 6 to 9
percent slopes

Not limited Barnes (24%) 82.9 1.2%

Buse (23%)

Langhei (18%)

Svea (14%)

Balaton (3%)

Lanona (3%)

G144B Barnes-Buse
loams, 3 to 6
percent slopes

Not limited Barnes (25%) 1,184.4 16.4%

Buse (24%)

Svea (14%)

Balaton (10%)

Langhei (4%)

Swenoda (3%)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

G147C Buse-Barnes-
Darnen loams,
3 to 9 percent
slopes

Not limited Buse (28%) 94.5 1.3%

Barnes (23%)

Darnen (22%)

Langhei (7%)

Swenoda (3%)

G167B Balaton-Wyard
loams, 0 to 6
percent slopes

Somewhat
limited

Balaton (33%) Depth to
saturated zone
(0.22)

25.2 0.3%

Hamerly (9%) Depth to
saturated zone
(0.86)

G250A Divide loam, 0 to
2 percent
slopes

Somewhat
limited

Divide (70%) Depth to
saturated zone
(0.86)

5.9 0.1%

Wyrene (4%) Depth to
saturated zone
(0.86)

Droughty (0.31)

G251A Divide loam,
loamy
substratum, 0
to 2 percent
slopes

Somewhat
limited

Divide, loamy
substratum
(74%)

Depth to
saturated zone
(0.86)

11.1 0.2%

Sverdrup, loamy
substratum
(6%)

Leaching (0.45)

Wyrene, loamy
substratum
(5%)

Depth to
saturated zone
(0.86)

G276B Renshaw-Sioux
complex, 2 to 6
percent slopes

Very limited Renshaw (36%) Filtering capacity
(1.00)

25.2 0.3%

Droughty (0.52)

Sioux (20%) Filtering capacity
(1.00)

Leaching (0.45)

Droughty (0.18)

Fordville (10%) Filtering capacity
(1.00)

Sioux (10%) Filtering capacity
(1.00)

Leaching (0.45)

Droughty (0.15)

Osakis (7%) Filtering capacity
(1.00)

Droughty (0.90)

Leaching (0.45)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Warsing (6%) Filtering capacity
(1.00)

Droughty (0.01)

Arvilla (4%) Filtering capacity
(1.00)

Droughty (0.98)

Leaching (0.45)

Marysland (3%) Depth to
saturated zone
(1.00)

Leaching (0.70)

G523A Lowe-
Fluvaquents,
channeled
complex, 0 to 2
percent
slopes,
frequently
flooded

Very limited Fluvaquents,
channeled,
frequently
flooded (40%)

Ponding (1.00) 100.5 1.4%

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.90)

Lowe, frequently
flooded (28%)

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.70)

Lowe,
moderately
saline,
frequently
flooded (20%)

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.70)

Salinity (0.50)

Sodium content
(0.32)

Lowe, very poorly
drained,
frequently
flooded (5%)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.70)

G639F Orthents-
Aquents-
Urban Land,
highway
complex, 0 to
35 percent
slopes

Very limited Orthents (41%) Slope (1.00) 21.3 0.3%

Slow water
movement
(0.50)

Large stones
(0.04)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Aquents, clayey
(16%)

Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Renshaw (6%) Filtering capacity
(1.00)

Droughty (0.52)

Parnell (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

G680B Barnes-Sioux
complex, 1 to 6
percent slopes

Not limited Barnes (39%) 179.9 2.5%

Buse (7%)

Svea (7%)

Balaton (6%)

Swenoda (6%)

Langhei (3%)

G680C Barnes-Sioux
complex, 3 to 9
percent slopes

Not limited Barnes (34%) 21.3 0.3%

Buse (9%)

Svea (7%)

Lanona (6%)

Balaton (6%)

Langhei (3%)

I201A Glyndon silt
loam, 0 to 2
percent slopes

Somewhat
limited

Glyndon (80%) Depth to
saturated zone
(0.86)

33.3 0.5%

Glyndon,
moderately
saline (3%)

Depth to
saturated zone
(0.86)

Salinity (0.50)

Sodium content
(0.32)

I407A Winger silty clay
loam,
moderately

Very limited Winger,
moderately
saline (76%)

Ponding (1.00) 11.2 0.2%
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

saline, 0 to 1
percent slopes

Depth to
saturated zone
(1.00)

Leaching (0.70)

Salinity (0.50)

Sodium content
(0.32)

Winger (14%) Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.70)

Mustinka (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Parnell (2%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

I413A Lankin loam, 0 to
2 percent
slopes

Somewhat
limited

Lankin (75%) Slow water
movement
(0.41)

7.1 0.1%

Wyard (8%) Depth to
saturated zone
(0.86)

I422B Renshaw-Sioux
complex, 0 to 6
percent slopes

Very limited Renshaw (36%) Filtering capacity
(1.00)

130.1 1.8%

Droughty (0.52)

Leaching (0.45)

Sioux (20%) Filtering capacity
(1.00)

Droughty (0.99)

Leaching (0.45)

Sioux, sandy
loam (10%)

Filtering capacity
(1.00)

Droughty (0.95)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Leaching (0.45)

Arvilla (6%) Filtering capacity
(1.00)

Droughty (0.99)

Leaching (0.45)

Osakis (4%) Filtering capacity
(1.00)

Droughty (0.90)

Marysland (3%) Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.70)

I463C Sioux-Renshaw
complex, 6 to 9
percent slopes

Very limited Sioux (45%) Filtering capacity
(1.00)

7.3 0.1%

Droughty (0.99)

Leaching (0.45)

Renshaw (40%) Filtering capacity
(1.00)

Droughty (0.52)

Leaching (0.45)

I474A Gardena-
Glyndon silt
loams, 0 to 2
percent slopes

Not limited Gardena (47%) 283.5 3.9%

Eckman (3%)

I476A Glyndon silt
loam,
moderately
saline, 0 to 2
percent slopes

Somewhat
limited

Glyndon,
moderately
saline (80%)

Depth to
saturated zone
(0.86)

4.0 0.1%

Salinity (0.50)

Sodium content
(0.32)

Wyndmere,
moderately
saline (3%)

Depth to
saturated zone
(0.86)

Salinity (0.50)

Sodium content
(0.32)

I477A Antler silty clay
loam,
moderately
saline, 0 to 2
percent slopes

Somewhat
limited

Antler,
moderately
saline (75%)

Depth to
saturated zone
(0.86)

4.4 0.1%

Salinity (0.50)

Slow water
movement
(0.41)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Sodium content
(0.32)

Gilby (7%) Depth to
saturated zone
(0.86)

Slow water
movement
(0.41)

Doran (7%) Depth to
saturated zone
(0.86)

Slow water
movement
(0.41)

I504A Antler-Wyard
loams, 0 to 2
percent slopes

Somewhat
limited

Antler (50%) Depth to
saturated zone
(0.86)

10.0 0.1%

Wyard (35%) Depth to
saturated zone
(0.86)

Gilby,
moderately
saline (5%)

Depth to
saturated zone
(0.86)

Salinity (0.78)

Sodium content
(0.50)

I532B Fordville-
Renshaw
loams, 2 to 6
percent slopes

Not limited Fordville (70%) 10.7 0.1%

I906F Orthents-
Aquents-
Urban Land,
highway
complex, 0 to
35 percent
slopes

Very limited Aquents (25%) Slow water
movement
(1.00)

0.1 0.0%

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Orthents (25%) Slope (1.00)

Slow water
movement
(0.81)

Totals for Area of Interest 7,206.8 100.0%

Manure and Food-Processing Waste— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Not limited 3,002.3 41.7%
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Manure and Food-Processing Waste— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 2,597.0 36.0%

Somewhat limited 1,607.6 22.3%

Totals for Area of Interest 7,206.8 100.0%
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Description

The application of manure and food-processing waste not only disposes of waste
material but also can improve crop production by increasing the supply of nutrients
in the soils where the material is applied. Manure is the excrement of livestock and
poultry, and food-processing waste is damaged fruit and vegetables and the
peelings, stems, leaves, pits, and soil particles removed in food preparation. The
manure and food-processing waste are solid, slurry, or liquid. Their nitrogen content
varies. A high content of nitrogen limits the application rate. Toxic or otherwise
dangerous wastes, such as those mixed with the lye used in food processing, are
not considered in the ratings.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, the rate at which the waste is applied, and the method
by which the waste is applied. The properties that affect absorption include
saturated hydraulic conductivity (Ksat), depth to a water table, ponding, the sodium
adsorption ratio, depth to bedrock or a cemented pan, and available water capacity.
The properties that affect plant growth and microbial activity include reaction, the
sodium adsorption ratio, salinity, and bulk density. The wind erodibility group, soil
erosion factor K, and slope are considered in estimating the likelihood that wind
erosion or water erosion will transport the waste material from the application site.
Stones, cobbles, a water table, ponding, and flooding can hinder the application of
waste. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent
to which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very
favorable for the specified use. Good performance and very low maintenance can
be expected. "Somewhat limited" indicates that the soil has features that are
moderately favorable for the specified use. The limitations can be overcome or
minimized by special planning, design, or installation. Fair performance and
moderate maintenance can be expected. "Very limited" indicates that the soil has
one or more features that are unfavorable for the specified use. The limitations
generally cannot be overcome without major soil reclamation, special design, or
expensive installation procedures. Poor performance and high maintenance can
be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are
shown as decimal fractions ranging from 0.01 to 1.00. They indicate gradations
between the point at which a soil feature has the greatest negative impact on the
use (1.00) and the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary
by Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer
are determined by the aggregation method chosen. An aggregated rating class is
shown for each map unit. The components listed for each map unit are only those
that have the same rating class as listed for the map unit. The percent composition
of each component in a particular map unit is presented to help the user better
understand the percentage of each map unit that has the rating presented.
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Other components with different ratings may be present in each map unit. The
ratings for all components, regardless of the map unit aggregated rating, can be
viewed by generating the equivalent report from the Soil Reports tab in Web Soil
Survey or from the Soil Data Mart site. Onsite investigation may be needed to
validate these interpretations and to confirm the identity of the soil on a given site.

Rating Options

Aggregation Method:  Dominant Condition

Component Percent Cutoff:   None Specified

Tie-break Rule:  Higher
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:20,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Cass County, North Dakota
Survey Area Data:  Version 15, Sep 24, 2015

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 9, 2010—Aug 27,
2010

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

Manure and Food-Processing Waste—Cass County, North Dakota
(Soil limitations for manure application near Buffalo, ND)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/14/2016
Page 2 of 16



Manure and Food-Processing Waste

Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

G3A Parnell silty clay
loam, 0 to 1
percent slopes

Very limited Parnell (64%) Slow water
movement
(1.00)

28.3 0.4%

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Vallers (10%) Depth to
saturated zone
(1.00)

Leaching (0.70)

Vallers,
moderately
saline (9%)

Depth to
saturated zone
(1.00)

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Southam (6%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Tonka (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Ferney (3%) Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (0.50)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

G6A Vallers loam, 0 to
1 percent
slopes

Very limited Vallers (67%) Depth to
saturated zone
(1.00)

305.6 4.2%

Leaching (0.70)

Vallers,
moderately
saline (8%)

Depth to
saturated zone
(1.00)

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Tonka (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Parnell (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Cresbard (2%) Slow water
movement
(1.00)

Sodium content
(0.32)

G100A Hamerly-Tonka
complex, 0 to 3
percent slopes

Very limited Tonka (28%) Slow water
movement
(1.00)

1,933.7 26.8%

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Wyard (7%) Ponding (1.00)

Depth to
saturated zone
(0.86)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Vallers,
moderately
saline (7%)

Depth to
saturated zone
(1.00)

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Parnell (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Cavour (3%) Slow water
movement
(1.00)

Sodium content
(1.00)

G101A Hamerly-Wyard
loams, 0 to 3
percent slopes

Somewhat
limited

Hamerly (46%) Depth to
saturated zone
(0.86)

1,499.5 20.8%

Balaton (7%) Depth to
saturated zone
(0.22)

Hamerly,
moderately
saline (5%)

Depth to
saturated zone
(0.86)

Salinity (0.50)

Sodium content
(0.18)

G117A Hamerly loam,
saline, 0 to 3
percent slopes

Somewhat
limited

Hamerly,
moderately
saline (55%)

Depth to
saturated zone
(0.86)

7.1 0.1%

Salinity (0.50)

Sodium content
(0.18)

Hamerly (8%) Depth to
saturated zone
(0.86)

Balaton (7%) Depth to
saturated zone
(0.22)

G118A Vallers loam,
saline, 0 to 1
percent slopes

Very limited Vallers,
moderately
saline (68%)

Depth to
saturated zone
(1.00)

27.9 0.4%
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Salinity (0.78)

Leaching (0.70)

Sodium content
(0.18)

Tonka (5%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Cresbard (4%) Slow water
movement
(1.00)

Sodium content
(0.32)

Parnell (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Easby (3%) Depth to
saturated zone
(1.00)

Salinity (1.00)

Sodium content
(1.00)

Droughty (1.00)

Slow water
movement
(0.50)

G125A Cavour-
Cresbard
loams, 0 to 3
percent slopes

Very limited Cavour (49%) Slow water
movement
(1.00)

5.8 0.1%

Sodium content
(1.00)

Cresbard (25%) Slow water
movement
(1.00)

Sodium content
(0.18)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Ferney (5%) Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (0.50)

Tonka (2%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Vallers,
moderately
saline (2%)

Depth to
saturated zone
(1.00)

Leaching (0.70)

Salinity (0.50)

Sodium content
(0.32)

Droughty (0.03)

G143A Barnes-Svea
loams, 0 to 3
percent slopes

Not limited Barnes (39%) 361.0 5.0%

Svea (38%)

Buse (2%)

G143B Barnes-Svea
loams, 3 to 6
percent slopes

Not limited Barnes (42%) 784.0 10.9%

Svea (21%)

Buse (9%)

Swenoda (3%)

G143C Barnes-Buse-
Langhei
loams, 6 to 9
percent slopes

Not limited Barnes (24%) 82.9 1.2%

Buse (23%)

Langhei (18%)

Svea (14%)

Balaton (3%)

Lanona (3%)

G144B Barnes-Buse
loams, 3 to 6
percent slopes

Not limited Barnes (25%) 1,184.4 16.4%

Buse (24%)

Svea (14%)

Balaton (10%)

Langhei (4%)

Swenoda (3%)

Manure and Food-Processing Waste—Cass County, North Dakota Soil limitations for manure application
near Buffalo, ND

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/14/2016
Page 7 of 16



Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

G147C Buse-Barnes-
Darnen loams,
3 to 9 percent
slopes

Not limited Buse (28%) 94.5 1.3%

Barnes (23%)

Darnen (22%)

Langhei (7%)

Swenoda (3%)

G167B Balaton-Wyard
loams, 0 to 6
percent slopes

Somewhat
limited

Balaton (33%) Depth to
saturated zone
(0.22)

25.2 0.3%

Hamerly (9%) Depth to
saturated zone
(0.86)

G250A Divide loam, 0 to
2 percent
slopes

Somewhat
limited

Divide (70%) Depth to
saturated zone
(0.86)

5.9 0.1%

Wyrene (4%) Depth to
saturated zone
(0.86)

Droughty (0.31)

G251A Divide loam,
loamy
substratum, 0
to 2 percent
slopes

Somewhat
limited

Divide, loamy
substratum
(74%)

Depth to
saturated zone
(0.86)

11.1 0.2%

Sverdrup, loamy
substratum
(6%)

Leaching (0.45)

Wyrene, loamy
substratum
(5%)

Depth to
saturated zone
(0.86)

G276B Renshaw-Sioux
complex, 2 to 6
percent slopes

Very limited Renshaw (36%) Filtering capacity
(1.00)

25.2 0.3%

Droughty (0.52)

Sioux (20%) Filtering capacity
(1.00)

Leaching (0.45)

Droughty (0.18)

Fordville (10%) Filtering capacity
(1.00)

Sioux (10%) Filtering capacity
(1.00)

Leaching (0.45)

Droughty (0.15)

Osakis (7%) Filtering capacity
(1.00)

Droughty (0.90)

Leaching (0.45)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Warsing (6%) Filtering capacity
(1.00)

Droughty (0.01)

Arvilla (4%) Filtering capacity
(1.00)

Droughty (0.98)

Leaching (0.45)

Marysland (3%) Depth to
saturated zone
(1.00)

Leaching (0.70)

G523A Lowe-
Fluvaquents,
channeled
complex, 0 to 2
percent
slopes,
frequently
flooded

Very limited Fluvaquents,
channeled,
frequently
flooded (40%)

Ponding (1.00) 100.5 1.4%

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.90)

Lowe, frequently
flooded (28%)

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.70)

Lowe,
moderately
saline,
frequently
flooded (20%)

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.70)

Salinity (0.50)

Sodium content
(0.32)

Lowe, very poorly
drained,
frequently
flooded (5%)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Flooding (1.00)

Leaching (0.70)

G639F Orthents-
Aquents-
Urban Land,
highway
complex, 0 to
35 percent
slopes

Very limited Orthents (41%) Slope (1.00) 21.3 0.3%

Slow water
movement
(0.50)

Large stones
(0.04)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Aquents, clayey
(16%)

Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Renshaw (6%) Filtering capacity
(1.00)

Droughty (0.52)

Parnell (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

G680B Barnes-Sioux
complex, 1 to 6
percent slopes

Not limited Barnes (39%) 179.9 2.5%

Buse (7%)

Svea (7%)

Balaton (6%)

Swenoda (6%)

Langhei (3%)

G680C Barnes-Sioux
complex, 3 to 9
percent slopes

Not limited Barnes (34%) 21.3 0.3%

Buse (9%)

Svea (7%)

Lanona (6%)

Balaton (6%)

Langhei (3%)

I201A Glyndon silt
loam, 0 to 2
percent slopes

Somewhat
limited

Glyndon (80%) Depth to
saturated zone
(0.86)

33.3 0.5%

Glyndon,
moderately
saline (3%)

Depth to
saturated zone
(0.86)

Salinity (0.50)

Sodium content
(0.32)

I407A Winger silty clay
loam,
moderately

Very limited Winger,
moderately
saline (76%)

Ponding (1.00) 11.2 0.2%
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

saline, 0 to 1
percent slopes

Depth to
saturated zone
(1.00)

Leaching (0.70)

Salinity (0.50)

Sodium content
(0.32)

Winger (14%) Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.70)

Mustinka (3%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Parnell (2%) Slow water
movement
(1.00)

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

I413A Lankin loam, 0 to
2 percent
slopes

Somewhat
limited

Lankin (75%) Slow water
movement
(0.41)

7.1 0.1%

Wyard (8%) Depth to
saturated zone
(0.86)

I422B Renshaw-Sioux
complex, 0 to 6
percent slopes

Very limited Renshaw (36%) Filtering capacity
(1.00)

130.1 1.8%

Droughty (0.52)

Leaching (0.45)

Sioux (20%) Filtering capacity
(1.00)

Droughty (0.99)

Leaching (0.45)

Sioux, sandy
loam (10%)

Filtering capacity
(1.00)

Droughty (0.95)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Leaching (0.45)

Arvilla (6%) Filtering capacity
(1.00)

Droughty (0.99)

Leaching (0.45)

Osakis (4%) Filtering capacity
(1.00)

Droughty (0.90)

Marysland (3%) Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.70)

I463C Sioux-Renshaw
complex, 6 to 9
percent slopes

Very limited Sioux (45%) Filtering capacity
(1.00)

7.3 0.1%

Droughty (0.99)

Leaching (0.45)

Renshaw (40%) Filtering capacity
(1.00)

Droughty (0.52)

Leaching (0.45)

I474A Gardena-
Glyndon silt
loams, 0 to 2
percent slopes

Not limited Gardena (47%) 283.5 3.9%

Eckman (3%)

I476A Glyndon silt
loam,
moderately
saline, 0 to 2
percent slopes

Somewhat
limited

Glyndon,
moderately
saline (80%)

Depth to
saturated zone
(0.86)

4.0 0.1%

Salinity (0.50)

Sodium content
(0.32)

Wyndmere,
moderately
saline (3%)

Depth to
saturated zone
(0.86)

Salinity (0.50)

Sodium content
(0.32)

I477A Antler silty clay
loam,
moderately
saline, 0 to 2
percent slopes

Somewhat
limited

Antler,
moderately
saline (75%)

Depth to
saturated zone
(0.86)

4.4 0.1%

Salinity (0.50)

Slow water
movement
(0.41)
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Manure and Food-Processing Waste— Summary by Map Unit — Cass County, North Dakota (ND017)

Map unit
symbol

Map unit name Rating Component
name (percent)

Rating reasons
(numeric
values)

Acres in AOI Percent of AOI

Sodium content
(0.32)

Gilby (7%) Depth to
saturated zone
(0.86)

Slow water
movement
(0.41)

Doran (7%) Depth to
saturated zone
(0.86)

Slow water
movement
(0.41)

I504A Antler-Wyard
loams, 0 to 2
percent slopes

Somewhat
limited

Antler (50%) Depth to
saturated zone
(0.86)

10.0 0.1%

Wyard (35%) Depth to
saturated zone
(0.86)

Gilby,
moderately
saline (5%)

Depth to
saturated zone
(0.86)

Salinity (0.78)

Sodium content
(0.50)

I532B Fordville-
Renshaw
loams, 2 to 6
percent slopes

Not limited Fordville (70%) 10.7 0.1%

I906F Orthents-
Aquents-
Urban Land,
highway
complex, 0 to
35 percent
slopes

Very limited Aquents (25%) Slow water
movement
(1.00)

0.1 0.0%

Ponding (1.00)

Depth to
saturated zone
(1.00)

Leaching (0.50)

Orthents (25%) Slope (1.00)

Slow water
movement
(0.81)

Totals for Area of Interest 7,206.8 100.0%

Manure and Food-Processing Waste— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Not limited 3,002.3 41.7%

Manure and Food-Processing Waste—Cass County, North Dakota Soil limitations for manure application
near Buffalo, ND

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/14/2016
Page 13 of 16



Manure and Food-Processing Waste— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 2,597.0 36.0%

Somewhat limited 1,607.6 22.3%

Totals for Area of Interest 7,206.8 100.0%
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Description

The application of manure and food-processing waste not only disposes of waste
material but also can improve crop production by increasing the supply of nutrients
in the soils where the material is applied. Manure is the excrement of livestock and
poultry, and food-processing waste is damaged fruit and vegetables and the
peelings, stems, leaves, pits, and soil particles removed in food preparation. The
manure and food-processing waste are solid, slurry, or liquid. Their nitrogen content
varies. A high content of nitrogen limits the application rate. Toxic or otherwise
dangerous wastes, such as those mixed with the lye used in food processing, are
not considered in the ratings.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, the rate at which the waste is applied, and the method
by which the waste is applied. The properties that affect absorption include
saturated hydraulic conductivity (Ksat), depth to a water table, ponding, the sodium
adsorption ratio, depth to bedrock or a cemented pan, and available water capacity.
The properties that affect plant growth and microbial activity include reaction, the
sodium adsorption ratio, salinity, and bulk density. The wind erodibility group, soil
erosion factor K, and slope are considered in estimating the likelihood that wind
erosion or water erosion will transport the waste material from the application site.
Stones, cobbles, a water table, ponding, and flooding can hinder the application of
waste. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent
to which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very
favorable for the specified use. Good performance and very low maintenance can
be expected. "Somewhat limited" indicates that the soil has features that are
moderately favorable for the specified use. The limitations can be overcome or
minimized by special planning, design, or installation. Fair performance and
moderate maintenance can be expected. "Very limited" indicates that the soil has
one or more features that are unfavorable for the specified use. The limitations
generally cannot be overcome without major soil reclamation, special design, or
expensive installation procedures. Poor performance and high maintenance can
be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are
shown as decimal fractions ranging from 0.01 to 1.00. They indicate gradations
between the point at which a soil feature has the greatest negative impact on the
use (1.00) and the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary
by Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer
are determined by the aggregation method chosen. An aggregated rating class is
shown for each map unit. The components listed for each map unit are only those
that have the same rating class as listed for the map unit. The percent composition
of each component in a particular map unit is presented to help the user better
understand the percentage of each map unit that has the rating presented.
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Other components with different ratings may be present in each map unit. The
ratings for all components, regardless of the map unit aggregated rating, can be
viewed by generating the equivalent report from the Soil Reports tab in Web Soil
Survey or from the Soil Data Mart site. Onsite investigation may be needed to
validate these interpretations and to confirm the identity of the soil on a given site.

Rating Options

Aggregation Method:  Dominant Condition

Component Percent Cutoff:   None Specified

Tie-break Rule:  Higher
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3. The permit does not account for several water wells within a mile of the 
confinement facility that almost certainly exist at abandoned farmsteads, each of 
which could serve as a conduit for pollution from the facility to enter into 
groundwater; 

 
4. The project will cause unlawful surface water pollution due to significant over-

application of manure at non-agronomic rates; 
 

5. The project will cause pollution of the Maple River and adjacent wetlands due to 
over-application of manure near drain tile that drains directly into this waterbody; 

 
6. The project will cause pollution of an intermittent stream and adjacent wetlands, 

none of which were accounted for in Rolling Green’s permit application; 
 

7. The project, as planned, poses very serious medical risks to the community, as 
described by the community’s doctors and experts at Johns Hopkins University; 

 
II. Index of documents expressly incorporated by reference and attached to these 

comments 
  

This letter expressly incorporates by reference the following documents, testimony, and 
reports, each of which are attached to this letter. For ease of reference, these documents have 
all been bates numbered in the lower-right hand corner of each page. Documents written or 
otherwise prepared directly by or on behalf of Concerned Citizens are presented in bold in the 
following index: 
 

1. Attachment A, Application Information, 000001 – 000343 
a. 000001 – 000004: Completed NDDH Application Form 
b. 000004 – 000039: Rolling Green facility design schematics and maps 
c. 000040 – 000343: Rolling Green’s Full Application  

2. Attachment B, Buffalo Community Medical Information, 000344– 000787 
a. 000346 – 000355: Letter from John’s Hopkins University health 

experts to NDDH on behalf of members of Buffalo community 
b.  000355 – 000456: Health records, physician records, and supporting 

public health information from members of the Buffalo community 
c. 000457 – 00475:  Petition of 194 Buffalo community members in 

opposition to Rolling Green project 
d. 000476 - 000475:  Twenty-Nine Public Health Scientific/research 

documents  
i. 000477 – 000502: Understanding Concentrated Animal Feeding 

Operations and Their Impact on Communities  
ii. 000503 – 000517: Industrial Hog Production and the Hog-barn 

Neighbourhood Effect in Lethbridge County, Alberta  
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iii. 000518 – 000527: The Public Health Impacts of Concentrated 
Animal Feeding Operations on Local Communities  

iv. 000528 – 000545: An Agricultural Economist’s Public Concerns 
About CAFOs  

v. 000546 – 000550: Health Effects of Airborne Exposures from 
Concentrated Animal Feeding Operations  

vi. 000551 – 000558: Environmental and Health Problems in 
Livestock Production: Pollution in the Food System  

vii. 000559 – 000563: Adverse Health Effects of Hog Production A 
Literature Review  

 viii. 000564 – 000571: Neighbor Health and Large-scale Swine 
Production  
ix. 000572 – 000580: Public Health Concerns for Neighbors of Large-

Scale Swine Production Operations  
x. 000582 – 000592: High-Density Livestock Operations, Crop Field 

Application of Manure, and Risk of Community-Associated 
Methicillin-Resistant Staphylococcus aureus Infection in 
Pennsylvania  

xi. 000593: Exposure to Pig Farms and Manure Fertilizers Associated 
with MRSA Infections  

xii. 000594 – 000615: The Community Effects of Industrialized 
Farming: Social Science Research and Challenges to Corporate 
Farming Laws  

xiii. 000616 – 000619: Precautionary Moratorium on New 
Concentrated Animal Feed Operations  

 xiv. 000620 – 000666: Factory Farm Nation 2015 Edition  
xv. 000667 – 000676: Community and Health Concerns in Pork 

Production: A review  
xvi. 000677 – 000689: Industrial Food Animal Production Community 

Health  
xvii. 000690 – 000692: CAFOs and Public Health: Emissions and the 

Respiratory Health of Neighbors  
xviii. 000693 – 000699: Multidrug-Resistant and Methicillin Resistant 

Staphylococcus aureau (MRSA) in Hog Slaughter and Processing 
Plant Workers and Their Community in North Carolina  

xix. 000700 – 000706: High-Density Livestock Production and 
Molecularly Characterized MRSA Infections in Pennsylvania  

xx. 000707 – 000710: Air Pollution and Odor in Communities Near 
Industrial Swine Operations  

xxi. 000711 – 000713: Land Application of Treated Sewage Sludge: 
Community Health and Environmental Justice  

xxii. 000714: Factory Farming’s Effect on Rural Communities  
xxiii. 000715 – 000718: Food Program Waste Management 
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xxiv. Relative Exposure to Swine Animal Feeding Operations and 
Childhood Asthma Prevalence in an Agricultural Cohort 000719  

xxv. 000720 – 000736: Research Relevant to Health Effects of Swine 
Operations  

xxvi. 000737 – 000739: Residential Proximity to Large Numbers of 
Swine in Feeding Operations is Associated with Increased Risk of 
Methicillin-Resistant Staphylococcus aureaus Colonization at 
Time of Hospital Admission in Rural Iowa Veterans  

xxvii. 000740 – 000746: Beyond Factory Farming – Various Articles 
xxviii. 000747 – 000748: MRSA Prevalent in Canadian Pig Farms and 

Pig Farmers 
xxix. 000749 – 000766: Relevant Laws, Regulations and Decisions 

k. 000767 – 000787: Additional Letters to NDDH from the Buffalo 
Community 

3. Attachment C, Letters to North Dakota Department of Health from Bill 
Marcks,    Liane Rakow Stout, 000788 – 000792. 

4. Attachment D, Nutrient Management Plan Comments, 00793 – 001378 
 a. 000798 – 000799: Natural Resources Conservation Service – Web Soil 

Survey, Manure and Food-Processing Waste 
 b. 000800 – 00808: Agronomic Concerns, Pesticide and Nutrient Leaching 

 c. 000809 – 000816 Detailed Comments of Concerned Citizens on Rate of 
Manure Application 
i. 000817 – 000824: Appendix A – Land Application Easements – 

Containing 6 Manure Spreading Agreements 
ii. 000825 – 000840: Appendix B – Containing 15 Water Quality 

Risk Assessment Maps 
iii. 000841 – 001069: Appendix C – References and Supporting 

Documentation – Containing 20 Scientific Documents 
  iv. Appendix D:   

001070 – 001139: Nutrient Management Plan  
001140 – 001152: Concerns Regarding the Nutrient Management 
Plan for Rolling Green Family Farms Containing Appendix A 

v. 001153  –  001330: Appendix E NRCS Waste Management Soils 
Maps 

vi. 001331 – 001378: Letter from Craig Wendt to the North Dakota 
Department of Health with 46 pages of signed documents refusing 
easements for manure application. 

5. Attachment E, Comments on water issues, zoning, and wind rose, 001379 – 
001440 

 a. 001380 – 001403: Detailed Comments of Concerned Citizens on water 
issues, including photos, location maps, lidar topography maps, and 
information to locate undocumented wells. 
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 b. 001404 – 001439: Statement from Kent Beilke with Howes Township 
Zoning Ordinance Documents 

 c.   001440: Wind rose data for Rolling Green site location 
6.   Attachment F, Review of Site Design Deficiencies and Stormwater Issues, 

001441 – 001540 
 a. 001380 – 001403: Detailed Comments on design deficiencies 
 b. 001470 – 001540: Comments of Roger Gluck, PE, on stormwater 

issues 
7.      Attachment G, Other Concerns, 001541 – 001549 
 a. Petitions 001547 – 001549  
8.      Attachment H, Letter by Lee Fischer, 001550 – 001551 
9.      Attachment I, Email from Karl Rockeman, 001552 
10. Attachment J, Expert Report of Kathy Martin, PE, on Rolling Green 

Permit Deficiencies, 001553-001737 
 a. 001553-001566, Expert Report of Kathy Martin 
 b. 001567-001569, Curriculum Vitae of Kathy Martin 
 c. 001570-001737, Supporting Technical Documents 
11. Attachment L, Additional scientific documents, 001738-001824 
12. Attachment K, Additional letters from Buffalo Community, EPA My 

Waters Map, and NDDH Power Point, 001825-001826 
 
III. Rolling Green must obtain a NPDES permit, not an Animal Feeding 

Operation Permit, and construction of the facility without a NPDES permit is 
illegal. 

 
NDAC 33-16-03.1-05 is the Department’s regulation that explains whether a facility must 
obtain an animal feeding operation permit or a NPDES permit. Specifically, it states that: 
 

1. Any animal feeding operation that has been defined as a concentrated 
animal feeding operation in section 33-16-03.1-03 or designated a 
concentrated animal feeding operation under section 33-16-03.1-04 must 
obtain a North Dakota pollutant discharge elimination system permit pursuant 
to chapter 33-16-01. 
 
2. Any medium animal feeding operation where manure or process wastewater 
from the operation causes or is likely to cause water pollution or those that are 
located within one-fourth mile [.40 kilometer] of a stream or surface water that 
contains water, except for infrequent periods of severe drought, must apply for 
a state animal feeding operation permit pursuant to this chapter or a “no 
potential to pollute” determination pursuant to section 33-16-03.1-06. Waters 
completely contained on an owner's property and which do not combine or 
effect a junction with natural surface or underground waters are not included. 

 . . . . 
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In other words, any facility defined as both an animal feeding operation and either a large or 
medium concentrated animal feeding operation must obtain a NPDES permit. This is also 
unequivocally stated in the Department’s regulatory definition of “concentrated animal 
feeding operation,” which provides that “[a]ll concentrated animal feeding operations are 
required to obtain a North Dakota pollutant discharge elimination system permit pursuant to 
chapter 33-16-01.” NDAC 33-16-03.1-03(4). 
 
Applying these regulations to Rolling Green, there is no question that Rolling Green must 
obtain a NPDES permit. 
 

i. Rolling Green meets the definition of an animal feeding operation: animals will 
be stabled or confined for more than 45 days each year at the confinement facility; 
animals will be fed or maintained at the confinement facility for more than 45 
days each year; Crops, vegetation, forage growth, or post-harvest residues will not 
be sustained in the normal growing season over any portion of animal 
confinement facility. 

 
ii. Rolling Green meets the Definition of a large concentrated animal feeding 

operation: Rolling Green will have 8,256 pigs weighing more than fifty-five 
pounds. This number exceeds the 2,500 pig threshold for large CAFO status under 
the definition of Large CAFO. 

 
Because both requirements are met, Rolling Green is a “concentrated animal feeding 
operation.” CAFOs must obtain NPDES permits as opposed to animal feeding operation 
permits. NDAC 33-16-03.1-03(4); NDAC 33-16-03.1-05(1). 
  
The Rolling Green draft permit prepared by NDDH is not a NPDES permit; it is a basic state-
only Animal Feed Operation permit, which is the wrong type of permit for a large CAFO 
under the Department’s rules. Specifically, the permit’s heading/title states that it is an 
“Approval to Operate a Concentrated Livestock Operation.” The permit’s fact sheet states that 
it is an “approval of a livestock waste system.” Upon inquiry to Karl Rockeman as to the type 
of permit the Department prepared for Rolling Green, he stated that “the permit is a state 
issued animal feeding operation approval to operate.” 001552. The application for the permit 
was on the Department’s Animal Feeding Operation permit form and not on any of its 
NPDES forms. Further, the draft permit is missing numerous requirements that must be 
included in a NPDES permit. See generally 40 CFR 123.25, NDAC 33-16-01. These include, 
but by no means are limited to the following: 
 

1. It does not contain technology based effluent limitations (“TBELs”); 
2. It does not contain water quality based effluent limitations (“WQBELs”), which is 

especially important given that impaired waters exist in the area of Rolling 
Green’s project, which will be explained in more detail infra. 
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3. It does not contain standard reporting protocols for NPDES permits, including 
submittal of discharge monitoring reports. 

4. It is missing duty to comply requirements, signatory requirements,  and federal 
enforceability requirements. 

5. It does not contain a provision that would make the nutrient management plan 
federally enforceable. 
 

Upon further review of the Department’s rules, it is also apparent that the need for Rolling 
Green to obtain a NPDES permit is further derived from NDAC 33-16-01-01.1. (captioned 
“Additional point sources subject to regulation”).  NDAC 33-16-01-01.1 states that “The 40 
Code of Federal Regulations, part 122.23, concentrated animal feeding operations, [40 CFR 
122.23], as it exists on February 12, 2003, is incorporated into this chapter by reference.” This 
is an explicit adoption of EPA’s 2003 CAFO rules into North Dakota’s federally approved 
NPDES program. Importantly, EPA’s 2003 rules require all large CAFOs, except for those 
that have explicitly received notice that they have no potential to discharge under any 
circumstances or climatic conditions, to obtain NPDES permits. 40 C.F.R. 122.23(d),(f) (2003 
and 2004). This is commonly referred to as the “duty to apply” requirement. 
 
Both the applicant and the Department have made a significant error by applying for and 
approving as a draft permit, respectively, an Animal Feeding Operation permit for Rolling 
Green as opposed to a NPDES permit. This is plainly incorrect under NDAC 33-16-03.1-
03(4) and NDAC 33-16-03.1-05(1) and is in violation of the Department’s own rules. Further, 
because the Department is not issuing Rolling Green a NPDES permit (and Rolling Green did 
not apply for a NPDES permit), if Rolling Green constructs its facility without such a permit it 
could face significant compliance risks, including risk of citizen suit under North Dakota’s 
implementation of the Clean Water Act. 
 

IV. The project will cause unlawful groundwater pollution due to critical flaws in 
the facility’s design. 

 
Rolling Green’s project, as described in the plans submitted to the Department, will cause 
groundwater pollution due to critical flaws in the facility’s plans. For detailed discussion of 
these issues, please review the oral testimony of Alan Dostert as stated before the Department 
on March 17, 2016 and Attachment F (# 001441 – 001540). A summary of these issues is 
included here. 
 
First, some context is helpful. The size of the proposed facility is massive. Just one of the 
CAFO buildings (there are six in total) is the size of all of downtown Buffalo. 001447 (pink 
highlighting indicating size). The total footprint of the facility is almost as large as the 
Fargodome.  
 
The deep manure pits of these animal confinement structures will be constructed below the 
groundwater table with at least 4.1-5.9 feet of exposure to the groundwater table. 001457. The 



Concerned Citizens Comments to NDDH on Rolling Greens AFO Permit 
March 19, 2016 
 
Page 8 
 
 

facility is in fact being constructed into a number of wetlands. Although drain tile (referred to 
by applicant as part of its “Clean Water Diversion”) will be placed below the animal 
confinement structures, the facility design is simply inadequate to address hydrostatic pressure 
under the concrete slabs. 001458. This significantly increases the likelihood of leaks in the 
concrete. Significant re-design is needed to resolve these issues, as described in 001458. This 
is particularly true because any leaks from this facility will be directly into groundwater, 
which are waters of the state. Any discharge of pollutants into these waters is illegal. 
 
While the applicant states that its drain tile system may help it determine if and when a leak is 
present, the applicant has not provided any information in its application indicating that the 
drain tile is a leak/pollution control system. Moreover, there is no defensible way to use the 
drain tile system as a leak detection system because the record indicates that the applicant has 
not obtained any background groundwater quality samples at the site location. Given that the 
applicant intends to use this drain tile and sump system as a warning system to indicate leaks 
from the concrete structure, the Department should require the applicant to collect baseline 
groundwater samples at the site and keep records of water quality samples from the water 
diversion and sump system on a monthly basis. 
 
The type of concrete and rebar for the deep pits is also insufficient. It is well known that swine 
manure and feces contain high levels of sulfates, which can eat away at concrete and rebar 
through corrosion. 001738-001752. The facility’s plans simply reference ACI standard 318 for 
its concrete specifications. 000090. This is extremely vague (ACI 318 contains hundreds of 
pages and numerous different standards, some of which are sulfate resistant and some of 
which are not). The Department must mandate that the applicant use sulfate-resistant concrete, 
such as that reinforced with fly ash, and epoxy coated rebar to withstand the high sulfate levels 
in its deep pits. See 001738-001752; 001458-001459. Further, the facility’s plans do not 
indicate expansion and control joints, and with North Dakota’s extreme temperature variations 
the facility can therefore be expected to encounter 5” of temperature movement. 001459. All 
of these issues will almost certainly lead to cracks in the concrete deep pits, leading to 
groundwater pollution. These are critical design flaws that must be fixed in order to protect 
waters of the state. 
 
Given the saturated soil conditions at the site location, the facility is also at high risk of 
differential settling (i.e., causing part of the building to settle into the ground to a larger or 
smaller extent than other parts of the facility). 001462. This is particularly true because, as 
previously explained, Rolling Green’s animal confinement structures are massive in size. This 
differential settling would very likely cause cracks in the concrete manure and urine deep pits, 
also leading to groundwater pollution. In order to resolve these issues, it is imperative that the 
facility be raised above the water table. See 001460. It is also imperative that the Department 
mandate that the applicant use additional fill material below the structures to mitigate the 
effects of settling.  
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Concerned Citizens have also identified no less than 17 points in the facility’s design plans 
where there is no reference whatsoever to material requirements and an additional two 
conflicts in material requirements for this facility. 001449-001451. The quantity of errors is 
cause for concern about the quality of the application in general. Each of these errors must be 
corrected. If the applicant is unable to provide an application that indicates even basic 
information such as the type of material that will be used to build its structure, then there is no 
way for the Department to know if the structure will prevent pollution of waters of the state 
and comply with the Departments’ interpretation of its rules in its Livestock Program Design 
Manual. Approval of such this permit without essential underlying information would result in 
an arbitrary decision, unsupported by facts, and therefore would violate the Administrative 
Agencies Practices Act. N.D.C.C. 28-32-46(5). 
 
Given the high likelihood of leaks from the deep pits, it is also likely that fecal matter and 
urine well leak into the “Clean Water Diversion” system. Because this system will contain 
manure, urine, process wastewater, and other contaminants, the Department must treat the 
water in this system as polluted and therefore must require that the surface impoundment 
containing this water be treated as a Manure Storage Structure as defined at N.D.A.C. 33-16-
03.1-03(16). The surface impoundment is not currently designed to the specifications required 
of a Manure Storage Structure under the Department’s rules, and this must be corrected. 
 
In addition, Concerned Citizens is attaching to these comments the opinion of Kathy Martin, 
an Oklahoma engineer with extensive experience on CAFO design and hydrogeology. 
001553-001737. Her comments focus on odor and air pollution concerns (including emission 
calculations of ammonia and H2S) with recommendations for odor control equipment, failure 
of the applicant to adequately identify the shallow groundwater system at the animal 
confinement location, and lack of sufficient design information for the facility’s compost 
facility. 
 
Finally, Concerned Citizens is also attaching to these comments the opinion of Roger Kluck, a 
North Dakota engineer with experience in stormwater issues. 001470-001540. Mr. Kluck was 
not provided with Rolling Green’s Stormwater Pollution Prevention Plan (“SWPPP”) in time 
for these comments, but was provided with Rolling Green’s application for its Animal 
Feeding Operation Permit. His comments are directed both to Rolling Green’s application for 
an Animal Feeding Operation Permit as well as its application for coverage under the 
Department’s general stormwater permit for construction activities. Even though Mr. Kluck 
did not review the facility’s SWPPP, Concerned Citizens nonetheless believe that the vast 
majority of his comments mandate revisions to the facility’s SWPPP because he completed 
independent research and calculations that show likely stormwater pollution problems at the 
facility. 
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V. The permit does not account for several water wells within a mile of the 
confinement facility that almost certainly exist at abandoned farmsteads, 
each of which could serve as a conduit for pollution from the facility to enter 
into groundwater. 

 
Page 24 of the NDDH Design Manual requires that “distance to existing wells” “shall be 
considered when evaluating the location of a livestock facility.” Here, Rolling Green has 
failed to make any attempt to locate such wells except for referring to State Water 
Commission data. State Water Commission data almost always fails to include older wells. 
There are three abandoned farmsteads within a mile of Rolling Green’s facility, each of which 
almost certainly has an abandoned water well that was used for domestic use. This fact is 
indicated through USDA historical imagery taken in 1962. 001398. Document 001398 shows 
the location of Rolling Green’s proposed animal confinement facilities (indicated with the 
number “4”) along with the three abandoned farmsteads (each highlighted in yellow). All 
three farmsteads are less than one mile from Rolling Green’s confinement structures. One, 
located to the southeast of the animal confinement buildings, is directly in the drainage of 
Rolling Green’s planned discharges from its clean water diversion. 001383 (Lidar imagery 
indicating topography/drainage). These wells must be investigated prior to siting this facility 
to ensure that these wells will not act as conduits for groundwater pollution. This is especially 
true for the abandoned farmstead to the southeast of the confinement facilities. 
 

VI. The project will cause unlawful surface water pollution due to significant 
over-application of manure at non-agronomic rates. 

 
Concerned Citizens have attached detailed separate comments explaining that the swine 
effluent will be more nutrient laden than the calculations put forward by the applicant and that 
ammonia volatization will be less than assumed due to the sealed manure storage pits and 
knife injection application. Analysis and Supporting Documents of Randy Coon (Attachment 
D, 00793 – 001378).  In addition to overstating the amount of manure necessary for 
reasonably beneficial use, Rolling Green has grossly overstated the amount of acreage in its 
control that is suitable for manure application.  Rolling Green cannot discharge into surface 
water or saturated soils, but the tracts listed in the Nutrient Management Plan have little else.  
The nutrient imbalance of the swine effluent will result in excess nutrient loading.  The fields 
contain soils that the NRCS has identified as prone to leaching and ponding; additionally, the 
water table is so near the surface in this region that there are over one hundred nationally 
inventoried wetlands within the proposed application tracts whose hydric soils are by 
definition saturated and provide a ready pathway for dissolution of nutrients and pathways for 
migration both across the surface and through the subsurface. EPA My Waters Map, 001827.  
The combination of glacial soils and high water table in the area of the proposed project 
require a hard look at the concentration of nutrients that are suggested for injection in the 
context of their solubility and potential to migrate through groundwater and surface runoff.  
The Applicant proposes to inject nearly 2200 gallons of effluent per acre per year on land that 
cannot contain such a discharge in the short term or sustain it in the long term. 
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The science of agronomy focuses on crop growth and soil health.  The purpose of applying 
manure is its beneficial effect on the growth of plants.  If application is done for this purpose, 
it is properly characterized as an agricultural activity.  The right to the public trust resource of 
groundwater depends on beneficial use.  A nutrient management plan must rely on the 
agronomic rate of plant utilization and take into account the properties of its soils.  The 
purpose of a nutrient management plan is to promote plant and soil health.  Factors such as the 
cost of transport and cost of supplemental fertilizers have no place in this analysis. 

The policy of the state of North Dakota is “to act in the public interest to protect, maintain, and 
improve the quality of the waters in the state for . . . legitimate beneficial uses. . .”  N.D.C.C. § 
61-28-01.  ‘Waters of the State’ is expansively defined in the Century Code to include “all 
streams, lakes, ponds, impounding reservoirs, marshes, watercourses, waterways, and all other 
bodies or accumulations of water on or under the surface of the earth, natural or artificial, 
public or private, situated wholly or partly within or bordering upon the state, except those 
private waters that do not combine or effect a junction with natural surface or underground 
waters just defined.”  N.D.C.C. § 61-28-02(15).  The areas of proposed swine effluent 
application abound with marshes, watercourses, and subsurface percolating waters.  
Significantly, North Dakota has incorporated this definition into its implementation of the 
Federal Water Pollution Control Act (“Clean Water Act”).  N.D.A.C. 33-16-01-01(5)(b).  If 
land application exceeds a reasonable agronomic rate, it crosses the line from a beneficial 
agricultural practice to become solid waste disposal.  Solid waste disposal becomes water 
pollution when it leaches into the water table.  See Cmty. Ass'n for Restoration of the Env't, 
Inc. v. Cow Palace, LLC, 80 F. Supp. 3d 1180, 1223-26 (E.D. Wash. 2015) (granting 
summary judgment on plaintiffs’ allegations that leaking storage lagoons which were built to 
NRCS specifications and the operator’s non-beneficial application of manure were properly 
characterized as abandoned solid waste that was having deleterious effects on groundwater 
quality under RCRA).  There is no vested right of spoliation; that is the antithesis of a 
usufruct.  This reasoning is further supported by the North Dakota Century Code’s definition 
of ‘waste’ which includes “agricultural pollution introduced into any waters of the state.” 
N.D.C.C. § 61-28-02 (14).  The Century Code defines ‘pollution’ as any man-induced 
alteration of the physical, chemical, biological [or] integrity of any waters of the state.  Id. at 
(7).   If swine effluent is injected into the many hydric soils in the proposed application sites, 
any nutrients that are not taken up by each planting will leach and/or migrate into adjacent 
waters of the state, altering its chemical integrity and degrading already impaired watersheds 
in violation of N.D.A.C. § 33-16-03.1-12(5).  As stated by Linderman of NDSU, “The worst 
case scenario for the incidence of surface runoff would be the application of liquid manure by 
rates that exceed the infiltration rate of the soil.” 000922.  This reasoning is reflected in the 
NDDH Design Manual at §7.6.3: 

“When irrigating with manure or process wastewater, the application rate shall not 
exceed the estimated soil infiltration rate, or the nutrient requirements of the crop.  
Irrigation application rates shall be adjusted to avoid significant ponding of manure or 
process waste water in surface depressions or seasonal drainage ways.” 
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Rolling Green completely failed to submit numerous requirements listed in the NDDH Design 
Manual.  Section 7.3 requires Rolling Green to submit soil maps of the proposed application 
sites, the location of sensitive resources such as waterways and high water table areas, 
precautions to be used to prevent manure from impacting surface water, and any Best 
Management Practices to be implemented to manage nutrients effectively and efficiently.  
Instead, Rolling Green submitted some area photographs, misrepresented the underlying soil 
types, omitted any mention of acres of surface waters, and generally ignored its obligations 
and the damaging impacts that is likely to result. 

In support of its Application, Rolling Green submitted a series of self-serving evaluations of 
the tracts proposed for manure effluent application.  The documents should be taken at face 
value with particular attention paid to the disclaimer on each one that states that it “IS NOT 
INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER 
LANDUSERS ARE ABIDING WITHIN WATER QUALITY OR NUTRIENT 
MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES.”  See e.g. 001093 (emphasis in original). 

The NRCS has surveyed and classified soils in the area based on their suitability for the 
application of manure.  “The ratings are based on the soil properties that effect absorption, 
plant growth, microbial activity, erodibility, the rate at which waste is applied, and the method 
by which the waste is applied. . . The rating class terms indicate the extent to which the soils 
are limited by all of the features that effect agricultural waste management. . . ‘Somewhat 
limited’ indicates that the soil has features that are moderately favorable for the specified use.  
The limitations can be overcome or minimized by special planning, design, or installation.  
Fair performance and moderate maintenance can be expected.  ‘Very limited’ indicates that 
the soil has one or more features that are unfavorable for the specified use.  The limitations 
generally cannot be overcome without major soil reclamation, special design, or expensive 
installation procedures.  Poor performance and high maintenance can be expected.” 001165.  
Attached to these comments are Natural Resource Conservation Service (NRCS) soil survey 
maps of each of the proposed manure effluent application sites.  See Attachment D, 00153-
001378.  Nearly half of the proposed acreage is unfavorable for this use because of the soil 
types and proximity to surface and underground waters.  Rolling Green’s submission claims to 
have access to over three thousand acres available to spread effluent, but over one thousand 
four hundred of these acres are not favorable for this activity according to the NRCS.  Six 
hundred forty more acres will require special planning and maintenance to engage in the 
planned activity.  This means that fully two thirds of the proffered application area is limited 
by soil type.  This unsuitability is compounded by the presence of a persistently high water 
table.  Both geology and hydrology counsel against a grant of the proposed permit. 

Further, as is noted in the record, the owners of over thirty thousand acres in the vicinity of the 
proposed site and application areas have stated that they will not permit a pipeline to cross 
their property, let alone permit swine effluent to be placed on their land.  Attachment D, 
001331-001378. Some of the proposed application sites are over seven miles from the facility, 
and the operator will have to travel even further afield to locate lands willing to receive any 
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swine effluent, and will be unable to install pipelines to most locations, requiring it to truck its 
manure miles from the central facility. 

Fields one and two are in Section 9 of Howe’s Township and comprise a total of 280.5 acres. 
001088, 001091. The NRCS characterizes 171.4 acres of this land as unfavorable for the 
application of manure because of the depth to the saturated zone and tendency for ponding and 
leaching while only 110 acres is deemed favorable. 0001156, 001163. Any approved rate of 
application must consider the documented propensity of these soils for leaching and 
migration. 

Also of concern in these parcels is the presence of an intermittent stream that does not appear 
in Rolling Green’s water resource setback submissions.  According to data maintained by the 
United States Environmental Protection Agency, there is a tributary to the Embden Dam 
Watershed of Buffalo Creek that begins near latitude 46.8714 longitude -97.5002 (in field 1) 
that heads east through one inventoried wetland that shares a surface connection with the 
stream and near another wetland that likely shares a hydrologic connection with the same 
navigable waterway.  See EPA MyWaters Mapper, http://watersgeo.epa.gov, Feature ID# 
ND-09020205-009-S_00, for wetlands filter, select from “other EPA water data” dropdown 
menu.1   The stream turns south near latitude 46.8711 longitude -97.4939 until it tracks west 
from latitude 46.8621 longitude -97.4942 back into field one before turning south at latitude 
46.8617 longitude -97.4977.  This watercourse joins with another tributary at latitude 46.8547 
longitude -97.4996.  The Department of Health must require Rolling Green to revise its 
surface water resource setback submissions to include at least a one hundred foot setback on 
each side of this navigable waterway and its nearby inventoried wetlands that share a 
significant nexus with it.  NDDH Design Manual, §7.6.2; See Slide 16, Department of Health 
Presentation in Buffalo, ND, Mar. 17, 2016 (001843). 

Given the underlying nature of these soils and the fact that the State of North Dakota and the 
Cass County Water District have invested millions in remediating this watershed recently, a 
larger setback distance and required implementation of Best Management Practices is 
appropriate.  See, e.g., Maple River Watershed Project Phase II, Cass County Soil 
Conservation District (using $2.5 million in federal and state funds to remediate e. coli 
impairment in the Buffalo Creek sub watershed); N.D.A.C. 33-16-03.1-08(c). 

Fields three, eighteen, and nineteen of the Applicant’s Nutrient Management Plan are even 
more problematic.  Claiming an aggregate of 469.7 spreadable acres, the Applicant forgets it 
plans to place a structure the size of the FargoDome on the parcel and that this structure will 
have a building footprint reduces the acreage available for manure spreading.  Even after that, 
260 acres are characterized by the NRCS as unfavorable for the Applicant’s proposed activity.  
001169-70, 001176-77, 001183-84.  Further, in this section alone, there are no fewer than 
thirty-three inventoried wetlands of varying sizes.  The Applicant proposes that effluent will 
not be spread into saturated soils, but the areas within the nutrient management plan are 
limited by their depth to the saturation zone, ponding, and leaching. 

                                                      
1 All references to inventoried wetlands can be verified using this process. 
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Fields four and five (N1/2 Section 36 T140N, R55W) fare slightly better in terms of soil 
types—of the 282.8 acre proposed application area, only 84.5 are deemed unfavorable while 
just over 80 acres are deemed favorable.  001176-77, 001183-84.  Most of this proposed area 
is classified as “somewhat limited” and will require special planning, design, and installation 
to achieve “fair performance” with moderate maintenance.  Id.  This special planning will 
need to account for the watercourse (which does not appear in Rolling Green’s water resource 
setback submissions) that meanders across both of these parcels, and its sensitivity is 
magnified by the fact that it is underlain with Hamerly-Tonka complex soils that exhibit 
leaching properties.  Feature ID# ND 09020205-020-S_00; Subwatershed 09020205000346.  
This watercourse drains into the Maple River.  The parcels that drain into the Maple River 
share another cause for concern that will be discussed in the next section.  These parcels also 
contain a total of sixteen inventoried wetlands that likely exhibit a hydrological link that 
affects the quality of the stream’s waters.  Setbacks will need to be maintained around all of 
these. 

Field six, the western half of the southwest quarter of Section 12, T139N, R55W, claims to 
provide 78 spreadable acres.  Less than 25 of them are favorable while over half are rated 
unfavorably for manure application.  001189-1192.  These soils exhibit persistent saturation, 
ponding, and leaching.  Id.  This tract also contains a freshwater pond and six emergent 
wetlands that share a hydrological link by feeding its waters.  North Dakota has incorporated 
its definition of “waters of the state” into its enforcement provisions of the Federal Water 
Pollution Control Act. N.D.A.C. 33-16-01-01(5)(b).  Setbacks need to be established and 
enforced around these sensitive areas. 

Fields seven and eight (NE¼ Section 32, T13N9, R55W) claim to provide 141.2 spreadable 
acres. 001101.  Less than one tenth (12.6) of them are favorable for land application of 
manure.  47.8 acres in this tract contain G110A Hamerly-Tonka complex soils that exhibit 
ponding, slow water movement, and a short depth to the saturation zone.  001197-1201. 

Field nine (SE¼ Section 32, T139N, R55W) claims to provide 150.1 spreadable acres.  
001103.  While 28.2 of those acres are favorable for land application, more than twice that 
number (54.1) are not; this is due to, among other things, the filtering capacity of the soil. 
001206-09.  Saturation is exhibited by the presence of three inventoried wetlands on the tract. 

Field ten (NE¼ Section 14, T139N, R55W) claims to provide 140.2 spreadable acres, but this 
is another overstatement.  001105.  While 88 acres are favorable, 60 are not.  001215-18.  The 
parcel does contain a navigable waterway and three inventoried wetlands, at least one of 
which shares a significant nexus with the waterway.  Feature ID# ND 09020205-009-S_00; 
HUC 09020205000307.  Appropriate setbacks must be maintained around these areas. 

Field eleven (SE¼ Section 10, T140N, R55W) purports to provide 158 acres to receive swine 
effluent manure.  001108.  The NRCS soil surveys explains that 32.2 of these are favorable, 
16.9 acres are somewhat limited for this use, and 98.7 are unfavorable.  001223-24.  The 
prevalent soils in this section are characterized by leaching propensity, ponding, and a short 
depth to the saturated zone.  This parcel contains twelve inventoried wetlands that likely filter 
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water that feed the already impaired Maple River.  This will be more fully discussed in the 
next section. 

Field twelve (NW¼ Section 14, T140N, R55W) also sits astride the Maple River and contains 
a watercourse that shares a surface connection with two inventoried wetlands.  Two other 
wetlands exist on this tract.  64.8 acres of the 112.3 acres in this tract are unfavorable for 
application of manure for reasons such as salinity, poor drainage, frequent flooding, ponding, 
and depth to the saturated zone.  001230-32. 

Fields thirteen, fourteen, and fifteen (Section 11 T140N, R55W) claim to provide 488.4 acres 
for effluent spreading. 001111, 001113, 001115.  281.6 of these proposed acres have soils that 
are very limited for manure application, and 51.4 are somewhat limited in this proposed use.  
Hamerley-Tonka soils are found in this region.  001230-32, 001237-39, 001244-46, 001251-
53.  Further complicating Rolling Green’s proposal is the presence of three watercourses and 
three wetlands.  Field thirteen borders the Maple River and contains two tributaries that flow 
into it.  While the southerly one appears to have been provided a setback, the northern one has 
been omitted from the Applicant’s submission. ND 09020205-020-S_00, HUC 
09020205000078. 

Field sixteen and seventeen (NE¼ Section 2, T139, R55W) asserts to provide 146.9 acres for 
manure spreading, but only 106.6 is favorable.  001120, 001122, 0012363-69.  There are two 
wetlands on the parcel.  The impaired Maple River flows near this land’s western boundary. 

Field twenty (SE¼ Section 11 T140N, R55W) claims to offer 57.6 acres for receipt of 
manure, but this is overstating this site’s potential.  001128.  The Applicant does acknowledge 
one feature of percolating water, but does not include the six other saturated areas on the site.  
21.9 acres are very limited for manure application, while 21.1 are somewhat limited.  001258-
60.  The soil saturation is illustrated by the presence of seven inventoried wetlands. 

Field twenty-one (NW¼ Section 12, T139N, R55W) purports to provide 107.7 acres for swine 
effluent.  However, only 27 acres are favorable for application of manure according to the 
NRCS.  67 acres are very limited for this use due to the Hamerley-Tonka soil.  001292-95. 

Fields twenty-two, twenty-three, and twenty-four (Section 2,9 T140N, R55W) claim to 
provide 557.7 acres, but once again this goal is limited by soil types and persistent surface 
water.  001132, 001134, 001136.  93.4 acres have soils that are very limited for effluent 
application while 91.3 acres are somewhat limited.  001300-02, 001307-09, 001314-15, 
001320-23.  The complication with this site is the presence of a stream that begins in field 22 
at latitude 46.9090 longitude -97.5140 that meanders southeast and departs field 23 at latitude 
46.9047 longitude -97.5011.  ND 09020205-008-S_00, HUC 09020205000294.  A setback 
will need to be established for this stream.  This waterway continues through field twenty-five 
and eventually joins a larger body of water in the Buffalo Creek sub-watershed at latitude 
46.8879 longitude -97.4265.  Saturation of the site is confirmed by the presence of twenty-two 
wetlands on the section. 

Field twenty-five (NE¼ Section 32 T140N, R54W) states that 150 acres are available for 
effluent application.  001138.  35.8 of these acres are very limited for application. 001328. The 
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stream referenced in the previous fields flows through this tract, and there is a wetland to the 
northeast of its course. 

Because of the prevalence of soil types that the NRCS describes as very limited for the 
purpose of effluent application, in many instances nutrients will not be taken up by crops.  
Nitrogen will dissolve and permeate the groundwater, and phosphorous will pond on the 
surface and leach to navigable waters and/or other waters of the state.  This migration will 
result in waste and have no agronomic benefit.  The lack of agronomic utility requires that the 
rate and volume of effluent be limited in areas that are prone to ponding, leaching, and areas 
with a saturation zone on or near the surface.  See NDDH Design Manual at 7.6.3. 

 
VII. The project will cause pollution of the Maple River and adjacent 

wetlands due to over-application of manure. 
 
The Maple River is Already an Impaired Water with a High Priority TMDL Designation 

Limiting potential surface and groundwater impacts is especially important in areas that are 
near flowing waters.  As mentioned above, the state and federal government have invested 
significant resources in attempting to remediate the Buffalo Creek sub-watershed.  The 
application sites that drain into the Maple River do so at an area of the river that is a high 
priority TMDL reach that begins just north of fields 11-15.  See North Dakota 2014 Integrated 
Section 305(b) Water Quality Assessment Report and Section 303(d) List of Waters Needing 
Total Maximum Daily Loads (“NDTMDL”), VI-20.  North Dakota is expected to publish an 
e. coli TMDL for this area in its biennial report due April 1, 2016.  NDTMDL II-1.  Siting of 
application areas in saturated areas that are very limited in their absorption and storage 
capacity around the Maple River and its tributaries will not only counteract the beneficial role 
of its supporting wetlands, but also actively degrade the water quality further, violating the 
narrative standards of N.D.C.C.33-16-02.1-08, and negate any progress at meeting the 
appropriate numerical standard.  While it is true that the survival of e coli bacteria is limited 
outside of their preferred habitat, their survival rate is lengthened in aqueous sediments that 
inhibit UV penetration.  The clustering of proposed fields eleven through fifteen, if allowed, 
will place tons of the very thing that has degraded the river within one quarter mile 
downstream from the targeted area for rehabilitation—instead of remediating water quality in 
an area of concern, these sites will exacerbate the problem. 

VIII. The project will cause pollution of an intermittent stream and adjacent 
wetlands, none of which were accounted for in Rolling Green’s permit 
application. 

 
The applicant has stated that the closest watercourse to its confinement facility is an “unnamed 
tributary to Maple River, 2 miles to the NW.” 000048. This is incorrect. The closest 
watercourse is an intermittent stream approximately one mile to the north of the confinement 
structures that drains to the southeast and runs through a number of fields that the applicant 
intends to land apply manure to. A map indicating this watercourse is attached at 001827 from 
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EPA’s My Waters Mapper tool.  This stream has also been confirmed to exist by landowners 
who testified at the public hearing for this permit and flows for more than three months out of 
each year. It is a tributary that ultimately leads to the Red River. Due to over-application of 
manure as described in Section VI of this comment, this intermittent stream and adjacent 
wetlands would be exposed to non-agronomic nutrient loading from Rolling Green’s project. 
 

IX. The project, as planned, poses very serious medical risks to the community, 
as described by the community’s doctors and experts at Johns Hopkins 
University. 

 
Concerned Citizens are deeply concerned about health impacts of this facility. There are a 
number of highly sensitive individuals in the area, including individuals with asthma, COPD, 
cancer, lupis, and other diseases, many of which would be exacerbated by the siting of Rolling 
Green’s facility in this community. Concerned Citizens has attached a letter to these 
comments from public health experts at Johns Hopkins University describing the serious 
health risks that this facility poses to the Buffalo community. 000345-000354. Additionally, a 
number of members of the Buffalo community wish to make the Department of Health 
explicitly aware of the risks that they face from this facility due to existing health issues in the 
community, and many have chosen to attach their personal health summaries to these 
comments. 000355 – 000456. These health summaries show that the community is at risk for 
health impacts that would be exacerbated by the facility, as described by the Johns Hopkins 
letter. 
 

X. Conclusion  
 
As described in these comments, permitting this facility poses numerous risks to the Buffalo 
community. These risks include likelihood of groundwater pollution at the animal 
confinement facilities, likelihood of surface water pollution due to significant over-application 
of manure at non-agronomic rates and at unsuitable locations, facility design flaws, severe 
odor issues due to emissions of 35 tons per year of ammonia from the confinement facilities, 
stormwater pollution issues, failure to identify nearby water wells, failure to identify wetlands 
and intermittent streams at land application areas, and serious public health risks. Apart from 
the real health issues and risks posed by this facility, the permit itself is also not even the 
correct type of permit. The Department’s rules require a NPDES permit for a large CAFO, not 
a significantly less protective Animal Feeding Operation permit. Because the facility has not 
met the Department’s rules for granting an Animal Feeding Operation permit, let alone the 
more stringent rules for granting a NPDES permit, the Department must deny this permit. 
 
Finally, Concerned Citizens understand that the Applicant has twenty days to respond to these 
comments. If the applicant provides additional information which the Department relies upon 
to approve this permit during this twenty day period, then the permit must be re-noticed to the 
public so that the public has the ability to respond to this additional information in accordance 
with the Department’s rules and due process. 
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Respectfully submitted this 19th Day of March, 
 
 

BAUMSTARK BRAATEN LAW PARTNERS 
Counsel for Concerned Citizens 
109 North 4th Street, Suite 100 
Bismarck, ND  58501 
Phone:  701-221-2911 
Fax:  701-221-5842 
 
/s/  Derrick Braaten                  
Derrick Braaten (ND Bar # 06394) 
derrick@baumstarkbraaten.com 
 
/s/  JJ England                            
JJ England (ND Bar # 08135) 
jj@baumstarkbraaten.com 
 
/s/  David Keagle                       
David Keagle (ND Bar # TL-08502) 
david@baumstarkbraaten.com 



 
NORTH DAKOTA DEPARTMENT OF HEALTH 
Division of Water Quality 
Bismarck, ND  

SFN 8296 (6/96) 

APPLICATION FOR APPROVAL OF LIVESTOCK WASTE SYSTEM 
 
 
NAME OF APPLICANT:    Rolling Green Family Farms RE, LLP                     
                   INDIVIDUAL                  LIMITED LIABILITY PARTNERSHIP    X          PARTNERSHIP              
 
NAME OF LIVESTOCK OPERATION: Rolling Green Family Farms RE, LLP 
 
ADDRESS OF OWNER OR APPLICANT:   1300 S. Hwy 75,                                                                                         
             (RR, STREET, or PO Box No.) 
 
             Pipestone, MN                             56164                                      507-825-4211               (City)                                 
   (Zip Code)                                            (Telephone No.) 
 
LOCATION OF LIVESTOCK ENTERPRISE:     (Legal Land Description) 
 
             SE     1/4                NW     1/4 Section      4      Township   139 - N           Range   54 - W  
 
County    Cass County                                        Lat.        46O 53'5"          Long.     97O30'22"                                          
                                         (If available) 
 
TYPE OF FACILITY: 
   (a)     Existing       0               Planned 9,056 hd sow facility      Addition                         
   
   (b)    Confined in barn  9,056 hd total    Have access to outside lot                  0                   
 
   (c)    Unpaved or dirt              0                        Hard surfaced                0                        
Other                0                    
 
TYPE AND NUMBER OF LIVESTOCK: 
 
     Days/year livestock concentrated on-site:     365 days                    (for example, Dec. - May, 180 days) 
 
     Existing number, and maximum number of livestock at the facility: 
 
    Existing                      Maximum Design 
    Number                           Number                          Type                  Average Weight 
 
       0                                  800                        Nursery Pigs                     45 lbs     
  
      0                                  1,344                      Farrowing Sows                 400 lbs.    
 
      0                                 5,312                      Gestation Sows                    400 lbs.    
  
      0                               1,600                          Finish Pigs                      150 lbs.      
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BASIC INFORMATION: 
 
            List area of any outside livestock lots:            0                         acres. 
 
            Area contributing surface flow from outside the lot (not diverted):          0.0     acres. 
 
            Is the runoff from a 25-year/24-hour rain event contained on the property: 
 
                                 N/A                          (This varies across the State from 3.5 to 4.1 in. of rain). 
 
            Soil type at waste storage site and livestock lot: (From soil investigation) 
             
                Sandy lean clay (CL) and silty sand (SM), Sandy Silt (ML), Clay Sand (SC)                          
 
           Depth from ground surface to the seasonal high water table at: 
 
                Isloation Barn  5.5 ft      Gestation Barn   4.7 ft    Farrowing Barn   7.6 ft.      
 
           This was determined by: (check one)         Soil boring         X                         Estimate       
 
           How much land is available for disposing of waste:             3,420.9 (3,312.4 after setbacks)      acres. 
 
           How will dead animals be disposed of?      Composting                                                      
 
The maps and site information submitted should be as detailed and accurate as possible.  Incomplete information may 
result in delays with the approval, or future problems at the site. 
 
A.       Submit the following information with this application form: 
 
           1.       A topographic map of the area with at least a two-mile radius. (See Section 3, Map A & B) 
 
           2.       A current map of the area with at least a two-mile radius that has the following marked to the best of           
           your knowledge: (See Section 3, Map A & B) 
 
                     a.     All inhabitable farms or dwellings.  (See Section 3, Map A & B) 
 
                     b.     All land within this two-mile radius on which waste will be applied. (See Section 3, Map A & B) 
 
                     c.     Any livestock waste ponds and dugouts. (See Section 3, Map A & B) 
 
                     d.     Any well within 1/4 mile and any public or irrigation wells within 2 miles.  Also, list any                     
           abandoned wells you are aware of and their status. (See Section 3, Map A & B) 
 
                     e.     If dead animals are disposed of on-site, indicate on the map where this is done. (N/A) 
 
           3.       A sketch of the facility site with the following information: (See Section 4) 
 
                     a.     Dimensions and distances, include depth of wells on-site. (See Section 4, Page 3) 
 
                     b.     All existing and proposed structures, with labels (e.g., barns, diversions, fences). (See Sect.                  
            4, Pg.3) 
 
                     c.     Identify drainage patterns through the facility site. (See Section 4, Pages 3 & 4) 
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B. Please check on the following information and, if it is available, include it when submitting this application:

1. Any applicable zoning requirements (city, county, township). (See Section 6)

2. Any water quality information you are aware of, such as: (See Section 7)

a. Well water quality analyses. (See Section 7)

b. Surface water analyses (stock ponds, creeks, etc.). (See Section 7)

c. Analyses of livestock waste or runoff. (See Section 7)

3. Any geologic/hydraulic or soils information you are aware of: (See Section 8)

a. Well logs for wells at the facility. (See Section 8)

b. Geologic, ground water, or surface water studies done in the area and who did the
studies.(See Sect.8)

c. Personal observation (gravel pits, wetlands, etc.). (See Section 8)

C. Give a brief description of the proposed livestock waste system, including how waste and/or runoff will be 
collected, stored, and land applied. Indicate if waste is incorporated into the soil and, if so, how is this done.

(Use a separate sheet, if necessary). 

(See Section 3.1) The facilitv will be an 9,056 head swine sow facilitv. The farrowing facilitv will utilize total 

slatted_floors which will discharge waste into a vit recharge svstem that will drain into the gestation vit. The f!estation 

barns and the isolation barns are total slatted barns that drain into concrete pits. The concrete vits will store over 365 

davs of waste from the facilitv 's barns. The waste from the facilitv will be disposed of on surrounding cropland via an 

in;ection applicator svstem at agronomic rates 

I certify that, to the best of my knowledge, this information is correct and accurate. 

d���·L 
(Applicant Sig:i,{ture) 

//·- Z;"=/,
(Date) 
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APPLICATION FOR PRELIMINARY APPROVAL OF A LIVESTOCK WASTE SYSTEM: 
The Department of Health has the responsibility to review and approve concentrated livestock facilities to ensure surface 
and ground waters are protected from pollution by livestock waste.  The first step to initiate the evaluation process is to 
complete this application form and return it to the Department with the information requested. 
 
The application should be completed as accurately and completely as possible.  Incomplete information will slow down 
the process.  If you have any questions, contact the Department at 701-328-5219 for assistance. 
 
 
 
ABOUT THE APPLICATION: 
The application requests information on the proposed facility location, size, and other operational information.  Maps 
with the information requested may be available at various places such as your County Extension Office, or the County 
Auditors Office.  Soils information may be found at your local Natural Resources Conservation Service (NRCS) Office. 
 If you cannot find all the information requested, you can contact the Health Department for assistance.  Please be sure 
all of the information requested is included with the application. 
 
PART A: Requests maps and sketches.  Please make sure all requested information is clearly marked.  If waste is to be 
applied to a neighbor’s land, indicate whether a signed or verbal agreement has been made. 
 
PART B: Requests information that you may personally be aware of.  You do not need to collect any new data.  If a 
ground water, surface water, or geologic study was completed in the area, indicate when the study was done and who did 
it.  The Department can then get the data collected from the study. 
 
PART C: This gives us an overview of the operation, including how waste is land applied, as well as provide 
information on any unique features at the site.  We encourage producers to test the waste for nutrient content so it can be 
applied according to the needs of the crop being grown.  Over-applying waste can lead to nitrogen being leached into the 
ground water or waste and nutrients being washed off the field and into lakes or streams. 
 
 
 
FINAL APPROVAL: 
The Department will review the application and respond with an evaluation of the site, including any areas of concern 
for surface or ground water impacts.  This is done to allow operators to address areas of water quality concerns in the 
facility design.  This detailed design plan of the facility and livestock waste system should then be submitted to the 
Department.  It must include specifics on the volume of waste produced, the volume of waste that can be stored, 
dimensions of the storage structure, diversions, and embankments and also include method and rate waste is land 
applied.  An operation and maintenance plan should be included to ensure the waste storage facility does not overflow 
and that waste is properly land applied. 
 
If the final detailed design plan is already completed when submitting the application, it can be submitted, along with 
this preliminary application. 
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PIPESTONE VET 
NW 1/4 , SECTION 4 , T 139 N, R 54 W 

CASS COUNTY, ND 
DATE: DECEMBER 2, 2015 

NOTE: IT IS THE DUTY OF THE LANDOWNER IF SUBSURFACE 
INVESTIGATION OR CONSTRUCTION IS PROPOSED TO: 
1. Notify the utility company of time, place, and type of 
work to be done. 
2. Request that the buried utility be located and stoked on 
the ground both horizontally and verticiolly by the utility 
owner. Dig Safe phone number is: 1- 800- 795-0555 
3. Request that o representative of the utility company be 
present during excavation operations. 
4. Notify the contractor of the location of the utility in 
relation to the job work area. 

SHEET INDEX 
PAGE 1 - USGS SITE PLAN 
PAGE 2 - EXISTING SITE PLAN 
PAGE 3 - PROPOSED SITE PLAN 
PAGE 4 - PROPOSED SITE SUBGRADE PLAN VIEW 
PAGE 5 - PROPOSED SITE FINAL PLAN VIEW 
PAGE 6 - PROPOSED SITE PLAN CROSS SECTION AND ANNOTATION DETAILS 
PAGE 7 - GOU BARN CROSS SECTIONS 
PAGE 8 - BARN CROSS SECTIONS 
PAGE g - BARN CROSS SECTIONS 
PAGE 10 - BARN CROSS SECTION & CLEANWATER DIVERSION 
PAGE 11 - DIVERSION INLET DETAILS 
PAGE 12 - GESTATION, FARROWING, & GOU BARN PLAN VIEW 
PAGE 13 - GESTATION BARN FOUNDATION PLAN 
PAGE 14 - GESTATION BARN CROSS SECTION 
PAGE 15 - GESTATION BARN CONCRETE DETAILS 
PAGE 16 - GOU BARN FOUNDATION PLAN 
PAGE 17 - GOU BARN CROSS SECTIONS 
PAGE 18 - GOU BARN CONCRETE DETAILS 
PAGE 19 - FARROWING BARN PHASE I FOUNDATION PLAN 
PAGE 20 - FARROWING BARN PHASE I CROSS SECTION 
PAGE 21 - FARROWING BARN CROSS SECTION 
PAGE 22 - CONNECTOR HALLWAY FOUNDATION PLAN 
PAGE 23 - COMPOST BARN FOUNDATION PLAN 
PAGE 24 - COMPOST & HALLWAY CROSS SECTIONS 
PAGE 25 - CONCRETE DETAILS 
PAGE 26 - CONCRETE DETAILS 
PAGE 27 - CONCRETE DETAILS 
PAGE 28 - CLEANOUT & STANDARD BEDDING DETAILS 
PAGE 29 - SEWER LINE PROFILE & DETAILS 
PAGE 30 - TABLE OF QUANTITES 
ADDENDUM 1 - CONCRETE DETAILS 
ADDENDUM 2 - CONCRETE DETAILS 
ADDENDUM 3 - FARROWING BARN PHASE II DETAILS 
ADDENDUM 4 - CLEANWATER DIVERSIONS lA & 28 DETAAILS 

OeHoon, Grabs & Associotes, LLC 
Certificate of Authority. 725 PE 

No. Revision Issue Dote 

-

DEHAAN, GRABS & 
ASSOOATES, LLC 
Consulting Eng"'-n 

--~"°-=I-MDI sass. 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SECTION 4, T 139 N, B 64 W 
CASS CO'O'NTY, ND 

COVER 

DATE: SHEET: 
AUG 24, 2015 

SCALE: 
NONE 

DRAWN BY: 
DOR 

COVER 
CHECKED BY: 

NAP 
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TBM4 

APPROXIMATE SECTION CORNER 

TBM2 

BM Benchmarks, 112" Rebar 
TBM# North In Eastin 

1 7,303.96 7,661.74 

2 7,298.92 5,866.37 

3 7,377.17 4,859.52 
4 6762.71 4,984.16 

Elevation Desert tlon 
l,148.56 Edge of Approach 
1,154.88 Edge of Approach 

1,154.00 Power Pole 
1,151.40 Ed e of A roach 

APPROXIMATE 
PROPERTY BOUNDARY 

1330.2' 

GENERAL NOTES 

LEGEND 

SCALE, FEET 
I 

0 150 300 450 600 

DeHoan, Grobs & Associates, LLC 
Certifieote of Authority: 725 PE 

No. Revision l11ue Dole 

-

DEHAAN, GRABS & 
ASSOOATES, LLC 
Consulllng Engineers 

'-------'= l'O - SU I-NO I 51SS4 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SEC'l'ION 4, T 139 N, B 54 W 
CASS COUNTY, ND 

EXISTING SITE PLAN 

DATE: SHEET: 
AUG 13, 2015 

SCALE: 
,. - 300' 

DRAWN BY: 
DOR 2 

CHECKED BY: 
NAP 

·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~-~---~~----~~ 
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GENERAL NOTES 

LEGEND 
• BENCHMARK 
CJ BUILDINGS 
CJ GRAVEL PROPOSED 

--CULVERT/PIPE 
.- ORAINAG( ARROW 

-~ 
SCALE, FEET 

. 0 125 250 375 500 

OeHaan, Grabs & Associates, LLC 
Certificate of Authority. 725 PE 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SBC'l'ION 4 , T 1:59 N, B 64 W 
CASS OOUNTY, ND 

PROPOSED SITE PLAN 

DATE: SHEET: 
JUL 7, 2015 

SCALE: 
1· - 250' 

DRAWN BY: 
DOR 3 

CHECKED BY: 
NAP 
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GENERAL NOTES 

LEGEND 
• BENCHMARK 

c::J BUILDINGS 
c::J GRA \/EL PROPOSED 

- -----CULVERT/PIPE 
+- DRAINAGE ARROW 

-7iim!!!; 
SCALE.FEET 

0 50 100 150 200 

DeHoon, Grabs & Associates, LLC 
Certificate of Authority: 725 PE 

No. Revision Issue 

-

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting EnginMn 
PO"'" 5121......s.n, NO I 51554 

ROLLING GREEN FAMILY 
FARMS RE , LLP 

NW 1/4, SBCTION 4, T 139 N, R 54 W 
CASS COUNTY, ND 

PROPOSED SITE PLAN 
CROSS SECTION DET.AlLS 

DATE: SHEET: 
AUG 17, 2015 

6 
SCALE: 

1· - 100' 

DRAWN BY: 
DOR 

CHEOKED BY: 
NAP 
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1 ~ r- VENT CONlROL BOX I 6" STEM WALL 
a· FLOOR OPENING\ IT~ VERTICAL #4 REBAR. 12·0.c. I 6" STEM WALL I\. L.~6" HORIZONTAL #4 REBAR. 12· o .c. 

1'-4" -- y~LEN~~ 

I 14" - ,__ · 1i0.;:·~ 
4
L;NnL BEAM. ~;zAL _ _ -~ 

f5 VERTICAL REBAR ~ .f · 

I 010·0.c. : : ...: " ~- .. r (4) fl REBAR i,. 

'}. x 7 x • 
{.· 11' L : J 

I " g'-8" ·J_;:._#3 TIES@ 8'-10" 
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0 10 0.C. ••• • ,. ' . 10• O.C. t /14 REBA/R 8-10 ~ • ~ 

I 
"· IL I'- 18 O.C.E.W. ~ 
: ~ . SQUARE COL N 

NOTE: THIS FAN BANK '"' f- ~ 

I 
DETAIL APPLIES TO THE !( i- .;;.. ·- 1'- 2" ~ 
GDU BARN ONLY ., .. 

1'-8" ~ 
-.,,;..;,...;..;. 

I ~~REBA~ . 
CONTINUOUS RUN 

---- (4) (/4 REBAR 
0 12" O.C.E.W. SCALE: l " = 4' 
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SCALE: l " = l ' 
SCALE, FEET 
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l ~ ~ ~ : -- 13 Tir-E-s-----------------... 
COLUMN DETAIL X-X 

b o.s 1.0 \.s 20 
SCALE: l "= l ' 

GDU BARN 1011 DIVIDER WALL SECTION 

AP36"HP 

I A:4· ~ 

I 

~ GENERAL NOTES 

DeHoon, Grobs &: Associates, LLC 
Certificate of Authority. 725 PE 

SLATS 12/03/1! 
\. No. Revision/Issue Dote _, 

~ ' 
ROLLING GREEN FAMILY 

F .A:RMS RE, LLP 

NW 1/4. Bl!IC'l'ION 4, T 139 N , B 64 W 
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GDUBARN 
CONCRETE DET.AlLS 
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AUG 11, 2015 

SCALE: 
AS SHOWN 

DRAWN BY: 
DOR 

) 
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FARRO\llNG BARN CONCftETE CETAILS 
1. OONCRETE: (UN£11SS ()f71JIRFISll N<WllD) 
A. COHCRETE COLUMNS. WALLS, FLOORS, BEAi.iS. 

FOOTINGS: 4000 PSI MINIMUt.I 28 DAY STRE!fGTH 
c. AU. CONCRETE TO SE AIR ENTRAINED 
0. 3"- .. CXJHCRETE SI.UMP OH HORIZONTAL POURS PRIOR TO 

ADDITIVES 
E. 5" t.IAXIMUM CXJHCRETE SUJMP ON VERTICAL POURS PRIOR TO 

ADDITIVES 
F. PIT WALL CONCftETE 0£SIGN BASED Off' OF A 1'- 6° BACl<AU. 

DEPTH ACAINST THE 2'-0" PIT WALl 
0. REFER TO ENOINEER SPECIFICATIONS FOR ADDITIOHAL OONCR£TE 

COHSTRUCTION REOUIREME!fTS 

2. RElNFORCINQ STEEi.: (UN£11SS OTHBRFIS/I NOT/ID) 
A. AU. REBAR GRADE 60 
B. LAP ALL RElNFORCll'IC BAR SPLICES A MIN. OF 40 OIAM(TERS 
C. PRCW!CE BENT BARS AT AU. CORNERS AND WALl 

INTERSECTIONS TO t.IATCH THE HORIZONTAL RElNFORCll'IC STEEL 
(SEE DETAILS) 

D. El<TERIOR WALl FOOTING; TWO RUNS OF CONTINUOUS 14 
• HORIZONTAL REBAR 

E. PIT MORS: f4 REBAR 0 18" O.C. BOTH WAYS 
F. 3' ANO 2' WAJ.J<WAY FtOORS: #4 REBAR 0 18" O.C. AND 14 

REBAR 0 12" O.C. 
G. 4' WAJ.J<WAY FtOORS: ~C.RfBAR 0 1'4° 0.C. AND 14 RE8AR 0 18" 

H. EXTERIOR PIT WAU.S: 14 VERTICAL REBAR 0 12" O.C. 
14 HORIZONTAL REBAR 0 12" O.C. 

I. INTERIOR PIT WALLS: 14 HORIZOHTAL REBAR 012" O.C. 
14 VERTICAL REBAR 0 18" O.C. 

J. STEM WALLS: 14 HORIZOHTAL REBAR 012" O.C. 
14 'IERTICAL REBAR 0 12· O.C. 

3. C()U) JOIMTS (UNl.ESS OTHER'MSE NOTED) 
A. WALLS (SEE OETAIL) 
B. PIT SI.AB (SEE DETAIL) 

4. OONTROL JOIMTS (UNl.ESS OTHER\\ISE NOTED) 
A. WALLS (NOHE) 
B. PIT SI.AB (NOllE) 

5. MISC. {UNl£SS OTHER\\ISE NOTED) 
A. l<E.YWAY TO SE USEO ON ALL PIT SLAB/PIT WAU. JOINTS ( SEE 

DETAILS) 
B. WATERSTOP TO SE USED OH All EX1£RIOR PIT SI.AB/PIT WAl.l 

JOINTS (SEE DETAILS) 
C, AW> ~FY LQCf\TlON Qf ~\\'/ITU! Plf't KHOCKOUT: 

R.O. e• DIA. 

l1UJ
()0 .... 
~:i: -o => D 
0" 0. 
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... " o a 
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)>"' 

~ R' 
::r 
g_ ~ 
~"' ',; g 
.....,o· 

I I I I I~~ 
;llF 

() 

~li en 
0 

~ 
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m 
m 

g.ia-1 

O>· 
0 
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SEWER LINE PROF"ILE 
PAGE 29 

Rx102 WATERSTOPS 
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- SLOPE 0.5X 

ENO WALL DETAIL R 
PAGE 27 

SCALE.FEET 
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DeHoon, Grabs & Associates, LLC 
Certifieote of Authorit . 725 PE 

16 

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Con•ulUng EnglnMrs 

--~PO ••• 522 I M•ndoo, ND I ~SS-

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 114, SBC'nON 4, T 139 N, B 54 W 
CASS COUNTY, ND 

FARROWING BARN PHASE 
I CROSS SECTION 

DATE: SHEET: 
AUG 12, 2015 

20 
SCALE: 

1· - 6' 
DRAWN BY: 

DOR 

CHECKED BY: 
NAP 
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( 2) #4 REBAR I ~k-bkr!JSJl 1 
' - B" 

GENERAL NOTES 
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Certificate of Authorl t . 725 PE 
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No. Revision Issue 

-

DEHAAN, GRABS & 
ASSOOATES, LLC 
Consulting Engineers 
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CROSS SECTION 

I ~ DEC 2, 2015 
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1. ~ (VNUSS Dr/UlllfTSJI Ntif'JIJJ) 
A. CONCl<.0£ WAU..S. FUlOR5' 4000 PSI _,.. 28 DAY STRDIC1lf 
8. CONCRE1t fOOTICCS: 4000 PSI w-.. 28 DAY STR£Ncrnl 
C. MJ. CONCRE1t TO 8E JJll DfllWN[I) 
O. 3" -4" CONCRE1t SWMP ON HOAIZONTAI. POORS PRIOR TO 

AOOm\'ES 
E. 5" llAlOMIM CONCRE1t SUlllP ON ~ POORS PRIOR TO 

AOCITNES 
f. R£F'ER TO ENQNEER SPEClf'ICATICIHS Rill AOClllONAI. CONCRat 

CONSTRUC110N REClUIMllOITS 

2A_ ~~~ ~ :NUSS OrBJllllfTSJI NOTJIJJ) 

8. LAP AU. R£111fOA<:INC BAA SPIJctS A Mii. OF 40 DIAMETERS 
C. PROW>E BENT BARS AT AU. OORNERS ANO WAU. 

INTERSECTIONS TO MATCli THE llORIZONTAI. RElNfORCINC STEEL 
(SEE DETAILS) 

0. EXTERIOR WALL f0011NC: f4 \'Ell11CAI. REBAR O 7• O.C. 
f4 HOl\IZONTAI. REBAR 0 12" O.C. 

E. PIT R.OORS: f4 REBAR 0 18" O.C. BOTH WAYS 
f. COOff'OST WAU.S: f4 \Ul11CAI. A£BAR 0 r 0.C. 

f4 HOl\IZOllTAI. ll£8AR o 12• O.C. 
3. ca.o JOINTS (ll!USS O'IHER1HE NOTED) 
A. WAU.5 (SEE OETAI.) 
8. PIT 5'.A8 (SEE OET-") 

4. CONtRa. JOINTS (\JHlESS OlHCRWSE NOTED) 
A. WAU.5 (HONE) 
8. PIT SUB (HON() 

5. MISC. (UNLESS OlHCRWSE NOTED) 
A. KEYWA Y TO BE USC> Oii MJ. PIT S>.Aa/PIT WM.I. JOINTS ( SEE 

OETAl.S) 
8. WATERSTOP TO 8E USED ON AU. ElClDlKlR PIT Sl.A8/P1T WALL 

JOINTS (SEE DETAllS) 
C. UNlU. KNOCKOUT ROUGH CIPENtNGS: 10• W x 10• H x "1" D 
O. AW> l/ERlrY LOCATION OF F'RESH WATER PIPE KNOCKOUT: 
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® FOUNDATION CROSS SECTION 
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......... ........_ 

"" 1 f 
SCALE: l" = 12' 

SCALE, FEET 

6 12 18 24 

GENERAL NOTES 

OeHoon, Grabs .SC Associates. LLC 
CerUfrcote of Authorlt • 725 PE 

0 - 0 Cross Section 
No. Re-Asian Issue 

. 
DEHAAN.GRABS& 
ASSOCIATES, LLC 
Consulting Engtneen 

\----=PO lox 522 IM•- NO I 5155" 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SECTION 4, T 139 N, 1\ 64 W 
CA86 COUNTY, ND 

COMPOST & HALLWAY 
CROSS SECTIONS 

SHEET: 

24 
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.. . · 

s· 

10"><10" PRECAST BEAM 

p TIES 0 
10· o.c. 

:;==E~~~~~~~~#:;4 REBAR 0 
18" O.C.E.W. 

COLUMN DETAIL 
SCALE: 1• = 4' 

LINTEL BEAM 
(SET BEAMS TIGHT OR GROUT BElWEEN 

ENOS OF BEAMS AT FlRST ANO SECONO 
COLUMNS EACH ENO OF PIT 

6" STEM WAU. 
(2) #4 REBAR 

~---e·-e·---+,oicc 

re· 
8" 

1----e·-10·---M 

tx8"X2" ANCHOR BOLT 0 48" 
O.C. EXTENO ANCHOR BOLT 

2.5" ABOVE CONCRElE 

;::: 

f-3·-e·- i 

@ 

SEE COLUMN 
OETAIL B 

#4 REBAR 0 
18" O.C.E.W 

END WALL DETAIL 
SCALE: 1• = 4' 

(4) #4 REBAR 0 
12" O.C.E.W . 

#4 REBAR 0 
18" O.C.E.W. 

~~~~e-1 51" 

COLUMN DETAIL 
SCALE: 1• • 4' 

f5 VERTICAL REBAR 0 12" O.C. 
4 HORIZONTAL REBAR 

12" O.C. STEM WAU. 

#5 VERTICAL REBAR 

15 VERTICAL REBAR 0 12" O.C. ~==:::;;;GEN;;;;ER;AL;::;,NO;lE;S;===~ 
f4 HORIZONTAL REBAR 

(3) (/4 REBAR 

O 12" O.C. IN STEM WAU. 

f5 HORIZONTAL REBAR 
0 15" o.c. 
ALTERNATING SIOES 

#5 VERTICAL REBAR 
0 12" O.C. EACH SIOE 

#4 REBAR 0 
18" O.C.E.W. 

5• 

DMDER WALL DETAIL 
SCALE: 1• = 4' 

f4 HORIZONTAL REBAR~ 
0 12· o.c. 

~· t 
10· 

14' 

15 VERTICAL REBAR 
0 12· o.c. 

SCALE, FEET 

0 4 6 8 

OoHaan, Grabs & Associates, LLC 
Certificate al Authorit • 725 PE 

No. 

DEHAAN, GRABS & 
ASSOOATES, LLC 
Consulting lng-...S 

~---='°- su1-..... ND 1 sass. 

ROLLING GREEN FAMILY 
FARMS RE, I.LP 

NW 1/4, SECTION 4 , T 139 N, R 54 W 
CASS COUNTY, ND 

0 10" O.C. OOUBLE MAT 
9'-8" • . 

(3) f 4 REBAR 
5• 

E DIVIDER WALL DETAIL 
14,17 SCALE: 1• • 4' 

/14 REBAR @ 
18" O.C.E.W 

5• 

:. 

(3) /14 REBAR 

END WALL DETAIL 
SCALE: 1" • 4' 

CONCRETE DETAILS 

DAlE: SHEET: 
AUG 13, 2015 

SCALE: 
, . - 4' 25 DRAWN BY: 
DOR 

CHECKED BY: 
NAP 
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·!/~~~~;:=;~;:=;~ 

(4) If; REBAR 
MIN. 2' CLEAR 

12" DIA. 

COLUMN SECTION 
SCALE: l " = 1' 

18" o.c.E.W. [ Ri<102 WATERSToP b 14 REBAR 0 

$"- .... · 10 : ... .. ·:3' 
f4 REBAR DOWEL J 

24" LONG 0 24' O.C. 

PIT FLOOR SECTION 

Rx102 WATERSTOP 

3'x3' 14 REBAR BEND 

SCALE: 1" = 2' 

r-f 

VERTICAL 14 REBAR 0 7" O.C. 1 
HORIZONTAL 14 REBAR 0 12' O.C. 

14 REBAR 0 
18' O.C.E.W. 

. .. 

STUB WALL DETAIL 
SCALE: l" • 4' 

2'x2' #4 REBAR BEND 

4-#4 REBAR CONTINUOUS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

END WALL DETAIL ® COMPOST WALL DETAIL 
ACCESS PORT DETAIL 

SCALE: 1• = 6' 

r ··-·· " 

RJ---a·-··----1 
#5 REBAR 

17" O.C. HORIZ 

r-2·----l' 

f5 REBAR 0 
7' O.C. VERT. 

WATERSTOP W/ 
KEYWAY 

WATERSTOP 

: .. 
··-··--==! 

ACCESS PORT SECTION 
SCALE: l" = 5' 

10· 

SCALE: 1° = 6' 

#4 REBAR C 
18" O.C. BOTH WAYS 

ACCESS PORT SECTION 
SCAl.f: 1° c 5' 

Rx102 
WAltRSTOP W/ 
KEYWAY 

(/5 TIE BARS 0 
15" o.c. 

(ALL CORNERS) 

SCALE: l" = 6' 

MIN. 24° OVERLAP 

. 
.. .. 

4 :.. 

CORNER DETAIL 
SCALE: l" = 2' 

GENERAL NOTES 

DeHaan, Grabs & Asso<:lates, LLC 
Certificate of Authorit . 725 PE 

Pump Out 11 24 15 
No. Revision ssue Date 

-

DEHAAN, GRABS & 
ASSOCATES, LLC 
Consulting Engln...-s 

- - -='° '°" sn IM...,, ND 1 sasso 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SECTION 4, T 139 N R 64 W 
CABS COUNTY, ND ' 

CONCRETE DETAILS 

DATE: SHEET: 
AUG 17, 2015 

26 
SCALE: 

AS SHOWN 

DRAWN BY: 
DOR 

CHECKED BY: 
NAP 
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14 REBAR 0 12" O.C. 

1'- 6" 

1'-8" 1'-8" 

/14 REBAR 0 18" O.C. 

18" f4 REBAR 
DRILLED AND 

EPOXIED INTO 
STEM WALL 

END WALL DETAIL 
SCALE: 1",. 4' 

#5 REBAR 0 14" O.C. 
AND #4 REBAR 0 16" 0.C. 

4• 

PIT WALLS-------~ 
#4 HORIZONTAL REBAR 012• O.C. 
#4 VERTICAL REBAR 0 16" O.C. 

CRATE CROSS SECTION 
SCALE: 1• • 4' 

#4 VERTICAL 012" O.C. 
f/4 HORIZONTAL REBAR 012" O.C. 

IN STEMWALL 

#4 REBAR 0 
12" O.C.E.W 

2-#4 CONTINUOUS 
REBAR IN FOOTING 

STEM WALLS 
#4 VERTICAL REBAR 12" O.C. 
#4 HORIZONTAL REBAR 0 12" O.C. 

#4 REBAR 0 
18" O.C.E.W. 

1------10·-s·-------i 
----e·-4·-----1 STEM WALLS 

#4 VERTICAL REBAR 12" O.C. 
/14 HORIZONTAL REBAR 0 12" O.C. 

#4 REBAR 0 
18" O.C.E.W 

END WALL DETAIL 
SCALE: 1• • 4' 

GENERAL NOTES 

.0 

SCALE, FEET 
~ 4 6 8 

DeHaan, Grabs & Associates, LLC 
Certilicote of Authorit • 725 PE 

Detail Q 12 7 15 
No. Revision Issue Date 

DEHAAN, GRABS & 
ASSOOATES, LLC 
Consulting Engl,,_.. 

~--='°- su 1-NO I S&S54 

ROLLING GREEN FAMILY 
F.ABMS RE, LLP 

NW 114, =~JiJ.l.3::• R 64 W 

CONCRETE DETAILS 

DATE: SHEET: 
AUG 13, 2015 

27 
SCALE: 

1· - 4' 

DRAv.N BY: 
DOR 

CHECKED BY: 
NAP 
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FLOW 

CROSS SECTION 

SELECT MA'TERIAL 
IN LAYERS 

SELECT MATERIAL 
TO 6" ABOVE 
TOP OF PIPE 

LONGITUDINAL SECTION 

STANDARD BEDDING DETAILS 
FORADS-Nl2 PIPE OR EQUIVALENT 

NOTTO SCALE 

~ 

TYPICAL CLE.ANOUT DETAIL 

6" MIN. 

MINIMUM SLOPE 

CROSS SECTION 

STANDARD BEDDING DETAILS 
FOR PVC PIPE OR EQUIVALENT 

PLACED THROUGH BERM 
NOTTO SCALE 

ADS QUAL WAU. JBENCHING & PIPELINE CONSTRUCTION NOTES 

1. Select backfill shall consist of granular soll which meets the USCS soil type GM, GC, SM, or 
SC. Moterlol shall hove o maximum particle size o f ~ inch diameter and shall be compacted In 6 
Inch layers (mo.) to a density not leS9 than 85~ of the Standard Proctor Density. 

2. Unclassified backfill shall consist of excavated material, provided It Is free from lumps of 
cloy, stone, boulders and other debris. Material shall be wetted and compacted with available 
rubber tired construction equipment until approved by the Engineer. 

3. In location where the trench bottom contains rocks or is unsuitable for pipe to rest on, as 
determined by the engineer, the pipe shall be bedded as shown. 

4. In locat ions where the proposed pipelines cross existing utilities, the utaity crossing details 
shall be determined in the field by the Engineer. Prior to trench excavation, existing utilities 
shall be located and exposed by the Contractor. 

5. Select backfill shall be placed under the haunches of all pipe using the shovel slicing method 
or other method, approved by the Engineer. 

6. All trenching excavation shall be braced and/or shored In accordance with OSHA Trench 
Safety Regulations. 

GENERAL NOTES 

LEGEND 
c::J GRAVEL 
mBJ FILL 
c:::;J CONCRETE 
BlilJ STRIPPING 

EXISTING GROUND 

DeHoon, Grabs & Associates, LLC 
Certlncote of Authority. 725 PE 

No. Revision ssue Dote 

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulllng EnglnMrS 

Ir--_;:"' PO lox SZZ IM.....,, ND I 58554 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4 , OOl'ION 4, T 139 N, R 54 W 
CASS COONTY. ND 

CLEANOUT & STANDARD 
BEDDING DETAIL 

DATE: SHEET: 
AUG 19 2015 

SCALE: 
AS SHOWN 28 DRAWN BY: 
DOR 

CHECKED BY: 
NAP 
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SCALE: 

I VERTICAL: l " = 8 ' 
HORIZONTAL: l" = 80' 

I 
I WEST FARROWING -

I 
SEWER PIPE 

I 
10· PVC WYEV 

I I I 

~ I 
I 
I 
I 

1155 1155 
,____......__._ I I I I 

~ CLEANOUT I 1 1 
1150H-¥/-+--+--l--I- I I I I 1 4~2.2'~~~~~~~~;;;!;;;!;;;1~~94.9't;;~l:j 
--~it---+-+-+-,,...-FARROWING BARN 1150 

1145~~111i&,Rl!--~-1 · ;-~-1111~ - 1145 
Ht-+--+--+---1--1---l--+-i--1-.J..+, -+~ S~O~E 0.5% . -
...._ '-INLET EL. 1147.1 :t::tji±=±-t-f-1 ++--t--r+-l--\t=~-::J:::::J=J~l=i=t=t:J 

1140 ·1 ° I I I 

1 

GESTATION BARN PIT 

OUTLET EL. 1144.3 

1140 
...._ '-10· DIA. SEWER LINE--t-- -t-l--1f-

5
f-

6
_
9
+-·-

4
+' -1--1-'--4-l'-..::J[:_ 

t::t:•i::tT-t1-t1-l1f-l-t-t-t-+-+-++-+--l--l--l--4::l=r~=: EXISTING GROUND:_ ..,.._ 
1135 l l I I I I 

1 
' I I ~ 

I I I ~ : : 1135 

0+00 1+00 2+00 3+00 4+00 

SEWER LINE PROFILE 

( 
1 O" SEWER LINE 

10" PVC 45· BEND I 

I \ 

~ 1 O" SEWER LINE 

10" PVC 45· BEND 

SEWER LINE WYE DETAIL 
SCALE: l ' - 5' 

5+00 6+00 

VERTICAL SCALE, FEET 
6 4 8 12 16 
HORIZONTAL SCALE, FEET 
6 40 80 120 160 

10" SEWER LINE ----1 

10" PVC 45" BEND \ 

I 

10" PVC WYE 

10" PVC 45" BEND_/ 

EAST FARROWING _/ 
SEWER PIPE 

--~r-:::=:=::::;::;:;;;;:::::::::::::=::=:~~~ 
Ir GENERAL NOTES ' 

LEGEND 

---- EXISTING GROUND 

b 
SCALE, FEET 
2.5 ! 7.5 10 

DeHaan, Grabs & Associates, LLC 
Certificate of Authority. 725 PE 

PHASE II 12/03/15 
'-No. Revision/Issue Dote ~ 

I ~ 

CoMultl"!I EnglnHrs 

-

.DEHAAN, GRABS & 
ASSOCJA TES, LLC 

1.-.... -~'° ••• sn I M•ndon. NO I 51554 ~ 

r 
ROLLING GREEN FAMILY 

FARMS RE, LLP 

NW 114, Sl!C'l'ION 4 . T 139 N, B. 54 W 
CASS cotniTY, ND 

SEWER LINE PROFILE 
\.. & WYE DETAIL 

DATE: SHEET: 
AUG 25 2015 

29 
SCALE: 

AS SHOWN 

DRAWN BY: 
DOR 

CHECKED BY: 
~ NAP 
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Table of Quantities 
Item 

Stripping (Includes soil removal, replacement and compaction) 
Topsoil Strippi n~ (Does not include Bor_row Areal 

--~--- - -------
Topsoil Placement <Does not Include Borrow Areal 

Excavation 

_ Borrow {Doe~ _Not include Stripping_ and Re12laceme~!l . -- ·--
__Jlu i!Qing Subgrade ---- ----- -

Final Excavation 

Earthfill 
~uilding Su~rade __ ----- -- -

Backfill - - -----
Granular Fil l Under Gestation Barn 

Pipe (To include all appurtenances and fittings) 
18" CPP ADS N-12 - - - - - ---
15" CPP ADS N-12 -- - -
10" Sewer Line Phase I - --- - - - -
10" Sewer Line Phase II - - - . -
18" Dia. Nylopla~t Drain Basin - ·- . 
15" Dia. Nvloplast Drain Basin 

Miscellaneous 
GEOTEX 401 Nonwoven Fabric or Eql!ivalent Under Roadways - Heavy Grade 

Quantity 

8,190 -----
3,390 

14,500 _ 

48,670 _ 

1,630 

40,300 

10,340 -
800 

375 - - -
262 -

1744 -
200 

2 

2 

1 2§,~95 

Unit 

YD
3 

-
YD

3 

YD3 
,_ 

YD3 

·----
YD

3 

YD
3 

----
YD

3 
- -- ·-

YD
3 

LFT --
ITT 

LFT 

LFT 

Lump ~L:J.Q'l 

Lump Sum 

FT2 

YD
3 

GENERAL NOTES 

OeHaan, Grabs & Associotes, LLC 
Certificate of Authority. 725 PE 

PIPES 12 03 15 
No. Revision ssue Dote 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SECTION 4. T 139 N , R 54 W 
CABS OOUNTY. ND 

TABLE OF QUANTITIES 

DATE: SHEET: Gravel Class Five Medium Class, (Heavy Duty Class) 1020 (6,100) 

6" Drain Ti le 300 LFT I AUG 25, 2015 

SCALE: 

30 AS SHOWN 

4" Drain Tile 4!ns LFT 

Drain Tile Pump Station 1 Lump Sum 
I DRAWN BY: 

DOR 

CHECKED BY: 
NAP 
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•O' 12' 1r 

e·-1 ... 

•: 

'..'-10· 

END WALL DETAIL 
SCALE: 1" • 4' 

]. 
1r or 

· ·-··-' l 

@ FOUNDATION CROSS SECTION 

SCALE: 1• = 4' 

--
,. ...... 

~:::!:::3:~~¥'J:!::;;::t::;:~~~·§3r~"~ 
(3) ,. """" =j 1'-10· 1- s· 

END WALL DETAIL 
SCALE: 1" m 4' 

SCALE: l" = 4' 

GENERAL NOTES 

,.·-o·----------;-11 
r:, ~.- i----- ---------1 

.... ::\:i ·'-

0 

.. -. ..... cu. 

SCALE: l" = 8' 
SCALE, FEET 

4 8 12 

END WALL DETAIL 

.. 

SCALE: l" • 4' 

18 

DcHoon, Grabs & Associates, LLC 
Certificate of Authorit . 725 PE 

No. Re\/lsion Issue Date 

-

DEHAAN, GRABS & 
ASSOCATES, LLC 
Consulting EnginMrs 

\----"'"" PO 1aa su 1--. ND I 51554 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SBCTION 4. T 139 N, R 64 W 
CASS COUNTY, ND 

CONCRETE DETAILS 

DATE: SHEET: 
DEC OJ, 2015 

SCALE: 
t---'A""S'-'S"'-'H"'-OWN:.:.:.:___~ ADD EN DU M 

DRAWN BY: 1 
DOR 

CHECKED BY: 
NAP 
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I GESTATION BARN 

EXTERIOR WALL 

I 
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HALLYWAY SECTION 
SCALE: 1" = 4' 

PVC BOOT FLANGE 

BUMP OUT WALL 
DETAIL V, PAGE 15 

5" 

2' 

1-:jE~s$fl. : . ""-- SUMPHOLE 

DETAIL AA 
PAGE A2 

PUMPOVT PIPE DETAIL 

1-J'-l 

~~rt-.J i' J . ffl_ ~~~REBAR 0 18" O.C.E.W 

5"] 

SUMPHOLE CROSS SECTION 

10" PVC PIPE 

90' ELBOW 

SCALE: 1•:;; 41 

.... ., 
i .. 
... ~_. 

BUMP OUT WALL 
DETAIL V, PAGE 15 
DETAIL U, PAGE 18 

AGITATION PIPE DETAIL 
SCALE: 1" • 4' 

GENERAL NOTES 

SCALE, FEET 

0 2 4 6 8 

OeHoon, Grabs &c Associates, LLC 
Certlflcote of Authocit . 725 PE 

No. Revision ssue Dote 

-

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting lnginH<S 

lo-- -= PO lo• 522 I MWM\ HO I SUS4 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4, SEC'?ION 4, T 139 N, R 54 W 
CASS COUJITY, ND 

CONCRETE DETAILS 

DATE: SHEET: 
DEC OB, 2015 

scALf.: • 4• ADDENDUM 
1-.:........::....:._--1 2 

DRAWN BY: 
DOR 

CHECKED BY: 
NAP 
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l I 1----~() IFD- ----l 1------la '>=------l 1----'~a '~J----1 

l I ,____ ..... [ l IF-J------l 1----[--lQ '>=--- ---l 1---.;::i-[0 lt-0 _ _ -i 

v =ENO Of FARRO'MNG 
BARN PHASE I t-------1[ l lp;;cJ __ --1 ,___ ..... rn l,_D __ ,___ __ _,Cl ..... D __ ---i 

( D I t-------i[O lt-J-----i i------l[J 11---~ [ l 10 
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[ ) IJ 1----[--la '~J _ _ ---4 i----~[J I._ __ ~ 1---- --l[) l~J __ ---l 
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~ 

FARROWING BARN PHASE II 

~ 
~ 

-- ::: -

,-=-==:;:;::;;;;:;::::;:;;;:;;;;:===::::--~'"' 'r GENERAL NOTES "'-

SCALE, FEET 

0 4 8 12 16 

~~ 
~~~· 11;; FESTA €.!) 
<; PE·6254 iij 

~ OAru/2.//0/Js; ' 
1-. ~~ o,.,'r•· - ·~.o 

OeHoon, Grebs & Associotes, LLC 
Certillcote of Authoritv. 725 PE 

\,.No. Revision/Issue Dote ~ 

r ~ 

-

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Con•ultlng fngln..,.. 

Ir-'---='° low U2 I -d•n. ND I SIS54 ~ 

r ~ 

ROLLING GREEN FAMILY 
FARMS RE, LLP 

NW 1/4 , SECTION 4, T 139 N, R 54 W 
CASS COUNTY, ND 

;_ - 8" AIR RELIEF VALVE o·- -

1 
r ENo or rARRo'MNc - . . _ #4 REBAR o 2· Baow SLAT T FARROWING BARN 

. rn - ~lrl-6"-

V BARN PHASE I 18" o.c. •· PHASE II I -; ,._,.,. t- -j2·-··1- -; J'- 10" r--··-··- T-•·- 5• /) '-----------~ 

ADDENDUM 

l"""'~=;\11. =;l!fJ' r-2·-Jn-r-2·--fFfl-r-r~1·-r-Fr,_1-r-r-MJ-M·-·iMJ.-1·4--MJ-r-2·_d_ IC!. /(// DATE: SHEET: "'-

! 
· - ,,.. DEC 03 2015 

I ~=== ::; r===:i5====~~~~~~~R~~~1=~========~=========ft~;L~~=o~;=:O::::::::fi::::====!'fw~ ~~~J=-2. ff :::! ~y~· 
3 I PAGE 29 1-_DD_R ___ ---l 

\. @ FOUNDATION CROSS SECTION ~CHECN~ BY: 
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• 
Rolling Green Family Famis RE, LLP 
Cass County, ND 

• 
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• 
Rolling Green Family Famis RE, LLP 
Cass County, ND 
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• 
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• 
Rolling Green Family Famis RE, LLP 
Cass County, ND 

5. Nutrient Tests 

G. Livestock Mortality Management Plan 

H. Land Application Log Forms 

1. Nutrient Application Logs 

2. Manure Transfer Form 

3. Discharge Report for Production Area 

DeHaan, Grabs & Associates, LLC 
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• 
Rolling Green Family Farms RE, LLP 
Cass County, ND 

• 
SECTION 2: FACILITY DESIGN INFORMATION 

A. NARRATIVE SUMMARY OF DESIGN 

Revised: December 2, 2015 

This project includes provision for a 9,056 head swine sow facility to be built in two phases. The 

proposed facility will consist of one (1) 760.0' x 171.5' Gestation/Breeding Barn, one (1) 456.0' 

x 167.5 Farrowing Barn, and one (1) 166.5' x 98.0' Isolation Barn to be built in Phase I. Phase II 

will consist of an additional four (4) farrowing rooms 94.7' x 167.5'. The Gestation/Breeding 

Barn will house a total of 5,312 sows at an average weight of 400 lbs per animal and 800 nursery 

pigs at an average weight of 45 lbs per animal, Phase I Farrowing Barn will house 1120 sows at 

an average weight of 400 lbs, the Isolation Barn will house 1600 pigs at an average weight of 

150 lbs per animal, and the Phase II Farrowing Barn will house a total of 224 farrowing sows at 

an average weight of 400 lbs. The farrowing barn has slatted farrowing crates over recharge pits 

which will drain into the gestation/breeding barn deep pits. The gestation/breeding barn is on 

slatted concrete floors over a 1 O' deep pit. The isolation barn is on sl~tted concrete floors over a 

1 O' deep pit. Buildings are totally roofed and all extraneous drainage will be drained away from 

the building and diverted around the site. 

The site is located 2 miles south on ND-38 from Buffalo, ND and 2 Yz miles east on 36th street. 

The site will be on the right (south). The legal location is the Section 4, T-139-N, R-54-W, Cass 

County, ND. The site was selected for adequate isolation from surrounding residential areas and 

for adequate agricultural land to utilize the animal manure nutrients in this complex on an 

intensive management approach. The site for the proposed buildings is over 1 mile from any 

non-owned residence, businesses, churches or schools, or public use areas. 

The waste management system for the farrowing barn and farrowing rooms utilizes a pull plug 

recharge pit under the slats that will drain into the gestation barn deep pit. The gestation barn 

has a 1 O' deep concrete pit under the whole barn to contain the waste and the isolation barn has a 

1 O' deep concrete pit under the whole barn to contain the waste. The waste storage pits are 

designed conservatively above all minimum applicable North Dakota Department of Health and 

Environment design standards. The size of the facility is for 365 days of storage. The minimum 

DeHaan, Grabs & Associates, LLC Page 1 
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• 
Rolling Green Family Farms RE, LLP 
Cass County, ND 

Department of Health requirements is for 270 days of storage. 

• 
Revised: December 2, 2015 

All animal waste generated by this complex will be disposed of primarily though land 

application. The waste will be recycled and utilized on the surrounding cropland. There are 

3,421 (3,312 available) acres of cropland adjacent to the complex. The area will be utilized to 

produce com and bean crops by consuming the nutrients in a full cycle system. Waste will 

applied to the land by primarily an injection applicator system. All land application areas will 

receive applications at rates consistent with infiltration capabilities of the native soil such that 

there is no runoff to surrounding areas. A buffer strip will be maintained between waste 

utilization areas, streams, and property boundaries within North Dakota Department of Health 

Guidelines (see Section 9). 

Dead animals from the facility will be disposed of utilizing composting (see Section 9). 

DeHaan, Grabs & Associates, LLC Page2 
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• • 
Rolling Green Family Fanns RE, LLP 
Cass County, ND 

Revised: December, 2015 

B: SITE SPECIFIC INFORMATION 

1) 

A 

B. 

C. 

D. 

E. 

F. 

G. 

Name of Facility 

Rolling Green Family Fam1s RE, LLP 

County and State 

Cass County, North Dakota 

Name and Distance to the Nearest Watercourse 

Unnamed tributary to Maple River, 2 miles to the NW 

Type of Water Supply 

Well Water 

Soil Type in Area of Control Structure 

Sandy lean clay (CL) and Silty sand (SM) 

Depth to Water Table at Facility/Control Structure 

The water table ranges from 4.5' to none at all (See Bore Test Summary). A drain tile system 

will be installed to maintain the water table below the 

Separation Distance from Closest Residences, Businesses, Churches or Schools 

> 5,280.ft 

Unusual Site Characteristics Presented (Rock, Gravel, Wetlands, Springs, Etc.) 

None 

DeHaan, Grabs & Associates, LLC Page3 
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• • 
Rolling Green Family Farms RE, LLP 
Cass County, ND 

Revised: December, 2015 

C: DESIGN CALCULATIONS WASTE PRODUCTION CALCULATIONS 

A. Facility Information 

B. 

1. Type of Construction: D existing, !RI proposed-new, or D expansion 

2. Building(s): Phase I Grow-Finisher Barn: 166.0 feet by 
Phase I Gestation Barn: 760.0 feet by 
Phase I Farrowing Barn: 456.0 feet by 
Phase II Farrowing Barn: 94. 7 feet by 

3. Animal Capacity (maximum head counts and average weights} 

Phase I: 800 head of Nurser't_ Pigs 
Phase I: 1,600 head of Grow-Finisher Pigs 
Phase I: 5,312 head of Gestation Sows 
Phase I: 1,120 head of Sow and Litters 
Phase II: 224 head of Sow and Litters 

@ 

@ 

@ 

@ 

@ 

93.0feet 
162.2 feet 
167.5feet 
167.5feet 

45 
150 
400 
400 
400 

lbs, 
lbs, 
lbs, 
lbs, 
lbs, 

Total: 9i056 head Total Animal Weight (TAW): 
Total Animal Units Daily Capacity (TAU): 

Determine Minimum Storage Requirement , 

36,000 lbs Total 
240,000 lbs Total 

2,124,800 lbs Total 
448,000 lbs Total 

89,600 lbs Total 
2i938,400 lbs 

2,938 AU 

The Minimum Storage Requirement is the sum of the animal waste produced (or treatment volume for an 
anaerobic lagoon), plus the spillage and washwater, plus the pit recharge produced in 365 days. Generally, 
outside or contributing drainage area runoff is to be diverted. Runoff which is not diverted must be included 
in the storage requirement. 

The following is completed for either Liquid Manure Storage or Anaerobic Lagoon 

Liquid Manure Storage 

Unit Waste Production (UWP) in cubic feet per day per 1,000 pounds of animal: 

Cattle 
0 Dairy= 1.3 
0 Beef= 1.0 

Swine 
!RI Nursery Pig = 1.4 
!RI Grower/Finisher= 1.0 
!RI Boar/Gestating Sow = 0.5 
!RI Sow and Litter= 1.4 

Poultry 
0 Layers = 0.9 
0 Broiler = 1.3 
0 Turkey= 0.7 

Other 
0 Horse= 0.8 
0 Sheep= 0.6 

(a) Manure produced: (TAW x (UWP x 270 days/1,000)) = 568.469 cubic feet I 1,000 lbs 
(TAW x UWP for each type calculated separately and added to find total manure produced} 

(b) Spillage, Washwater and Pit Recharge generated in 270 days : 285,612 cubic feet 
(Based off past performance Pipestone Vet has generated approximately 0.36 ft3/day per animal unit} 

(c) Total Manure plus Spillage and Washwater and pit recharge (a)+(b): 854,081 cubic feet. 

DeHaan, Grabs & Associates, LLC Page4 



000050

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 

• • 
Rolling Green Family Farms RE, LLP 
Cass County, ND 

Revised: December, 2015 

Anaerobic Lagoon 

Animal Volatile Solids (VS) produced in pounds per day per 1,000 pounds of animal (check all that apply) 

(d) 

(e) 

(f) 

Cattle 
CJ Dairy= 8.5 
LJ Beef= 7.0 

Swine 
LJ Nursery Pig = 8.0 
LJ Grower/Finisher= 5.0 
LJ Boar/Gestating Sow= 3.0 
LJ Sow and Litter= 6.0 

Other 
LJ Horse = 9.0 
LJ Sheep= 9.0 

Total Volatile Solids (VS) Produced (VS} x (TAW/1,000)): ____ pounds per day 

Loading Rate (LR): pounds of VS per 1,000 cubic feet per day. 
(Maximum LR is 4.0, 2.0 or less reduces odor. LR of 6.0 is allowed if solids are removed.) 

Lagoon Capacity Based on LR, (d) x 1,000/(e): ___ cubic feet 

(g) Lagoon Requirement Based on LR+ Total Manure +Spillage and Washwater, (f) + (c): _ cubicfeet 

(h) 

(i) 

m 
(k) 

(I) 

Sand Lane and Stacking Pad Area: feetx 

Manure Stacking Pad Area: feetx 

Feed Stacking Pad Area: feetx 

Total Runoff Area: square feet 

Minimum Runoff (Figure 1 from Appendix): 

feet= square feet 

feet= square feet 

feet= square feet 

inches 

NOTE: If a covered storage is used which collects runoff, then the sum of the 25 year, 24 hour storm runoff and the 
expected runoff for the 180 day storage period is used as the Minimum Runoff in (m). 

(m) Minimum Runoff Storage Requirement (I) x (m)/12 = _____ cubic feet 

Minimum Overall Storage Requirement 

(n) Minimum Storage Requirement (c or g) + (m): ----~8=5~4""',0~8=1'-cubic feet 

(o) 1.08 cubic feet 

DeHaan, Grabs & Associates, LLC Page5 
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• • 
Rolling Green Family Farms RE, LLP 
Cass County, ND 

Revised: December, 2015 

D: WASTE STORAGE CALCULATIONS 

A. Determine Storage Provided 

Type of storage: 0 Earthen Storage PitD Earthen Lagoon 0 Concrete Tank 
l:&1 Underfloor Concrete Pit 0 Outside Concrete Pit 
0 Other (describe) ___ _ 

NOTE: A scale drawing, calculations and other supporting information will be included. Indicate the location of all diversions, 
diversion dimensions, and flow directions of surface runoff for the entire facility. Concrete pit or tank storage is 
assumed to be covered unless specified otherwise. 

Rectangular Concrete Pit or Tank (capacity= length x width x depth@ Freeboard + Pumpout Pits (ft3) - Columns (ft3
)} 

161.7 feet x 96.3 feet x _____ 9~.0---feet + 1,490 ft3 - 963 ft3 = 140,672 cubic feet (Phase I Isolation Barn} 
758.3 feet x 168.8 feet x 9.0 feet+ 933 ft3 - 7348 ft3 = 1,145,594 cubic feet (Phase I Gestation Barn) 
286.7 feet x 159.2 feet x 1.5 feet (crates and divider)= 68.442 cubic feet (Phase I Farrowing Barn) 
57.3 feet x 159.2 feet x 1.5 feet (crates and divider)= 13,683 cubic feet (Phase II Farrowing Pens) 

= 1,368,391 cubic feet TOTAL 

Cylindrical Tank Storage Capacity (capacity= diameter x diameter x height x (0.7854)) 

_____ feet x ____ feet x ___ feet= _______ , cubic feet (see plans) 
= _______ cubic feet TOTAL 

Earthen Storage Pit or Lagoon: Volume= ((4 x sideslope2 x depth3} / 3] + (sideslope x bottomlen(:!ti\.'Jr"[jll"1'!1~1 
bottomwidth x depth2

) + (bottomwidth x bottomlength x depth) 

Bottom Length: ____ _ Bottom Width: ___ _ 

Design Full Depth: ____ feet, Overflow Depth: ____ feet 

Side Slopes: __ :1 and __ , End Slopes: __ :1 and __ :1 

Note: Inside slopes for earthen pits or lagoons will be at least 2:1. 

Earthen Storage Pit or Lagoon Capacity:-------- cubic feet 

TOTAL STORAGE PROVIDED: 1,368,391 cubic feet 

NOTE: The Total Storage Provided will meet or exceed the Minimum Storage Requirement (item o) from Waste Productions 
Calculation 

DeHaan, Grabs & Associates, LLC Page6 
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• • 
Rolling Green Family Farms RE, LLP 

Cass County, ND 
Revised: December 3, 2015 

E. DESIGN STORM PEAK FLOWS 
Peak flows and the subsequent Hydro graphs were calculated with the aid of Hydaflow software. 
Some assumptions were made: The appropriate Curve Number for each Drainage area was assigned 
and used. 

Also included in this report is a flow master calculation for the Diversions which have significant 
flows. The 25 year 24 hour Storm peak flow was determined by Hydaflow software for the particular 
diversion and by using the diversion details such as the slope, bottom width and side slope; the flow 
depth and velocity was found. The limiting velocity for each diversion was determined by the text: 
The Soil and Water Conservation Engineering Fourth Edition, pg 269. 

CW Area 1 
A. 

B. 

C. 

D. 

CW Area2A 
A. 

DeHaan, Grabs & Assoi:iates, LLC 

Inflow Hydrograph Inputs 
1. Drainage Area = 26.4 acres 
2. 25 Yr 24 Hr Rainfall Amount= 4.1 inches 
3. Average Curve Number= 80 
4. Maximum Flow Length= 2,163 feet 
5. Slope of watershed= 0.0043 feet/feet 
6. Calculated Time of Concentration= 95.7 minutes 

Inflow Hydrograph Results ~· ~ 
1. Peak Flow= 23.2 cfs 
2. Time to Peak = 768 minutes 
3. Volume= 4.67 ac-ft 

Cleanwater Diversion 1 Information 
1. Slope of Diversion= 0.0017 ft/ft 
2. Bottom width of Diversion= 20' 
2. Trapezoidal Ditch side slopes= 6: 1 and 6: 1 
3. Peak Flow= 23.2 cfs 

Cleanwater Area Diversion 1 Velocity Results 
1. Velocity = 1.26 ft/s 
2. Limiting Velocity for Clean Water for ordinary firm loam= 2.49 ft/s 

Inflow Hydrograph Inputs 
1. Drainage Area= 4.3 acres 
2. 25 Yr 24 Hr Rainfall Amount= 4.1 inches 
3. Average Curve Number= 85 
4. Maximum Flow Length = 1,050 feet 
5. Slope of watershed= 0.0102 feet/feet 
6. Calculated Time of Concentration= 7.94 minutes 

Page7 
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• 
Rolling Green Family Farms RE, LLP 

Cass County, ND 

B. Inflow Hydrograph Results 
1. Peak Flow= 10.3 cfs 
2. Time to Peak= 730 minutes 
3. Volume= 0.9 ac-ft 

c. Cleanwater Diversion 2C Information 
1. Slope of Diversion= 0.0078 ft/ft 
2. Bottom width of Diversion= 12' 

• 

2. Trapezoidal Ditch side slopes = 4: 1 and 6: 1 
3. Peak Flow= 10.3 cfs 

D. Cleanwater Area Diversion 2C Velocity Results 
1. Velocity = 1.84 ft/s 

Revised: December 3, 2015 

2. Limiting Velocity for Clean Water for ordinary firm loam= 2.49 ft/s 

DeHaan, Grabs & Associates, LLC Page8 
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Hydraflow Hydrographs Extension for AutoCAD® Civil 30® 2015 by Autodesk, Inc. v10.4 

Hyd. No. 1 
Area 1 

Hydrograph type 
Storm frequency 
Time interval 
Drainage area 
Basin Slope 
Tc method 
Total precip. 
Storm duration 

= SCS Runoff 
= 25 yrs 
= 1 min 
= 26.400 ac 
= 0.0% 
=LAG 
= 4.10 in 
= 24 hrs 

Area 1 

Peak discharge 
Time to peak 
Hyd. volume 
Curve number 
Hydraulic length 
Time of cone. (Tc) 
Distribution 
Shape factor 

Thursday, 1211012015 

= 3.813 cfs 
= 1280 min 
= 203,556 cuft 
= 80 
= 2163 ft 
= 900.06 min 
= Type II 
= 484 

Q (cfs) Hyd. No. 1 -- 25 Year Q (cfs) 

4.00 --r--l~~;:::c:::::;:;~~T---r---r---,----r---r--r---,---T 4.00 

0.00 ------------~--...J._ __ L_ _ __L __ __J_ __ ...L.-.. _ ___.lL------'---=- 0.00 
0 240 480 720 960 1200 1440 1680 1920 2160 2400 2640 

- HydNo.1 
Time (min) 
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Hydraflow Hydrographs Extension for AutoCAD® Civil 30® 2015 by Autodesk, Inc. v10.4 

Hyd. No. 2 
Area2 

Hydrograph type 
Storm frequency 
Time interval 
Drainage area 
Basin Slope 
Tc method 
Total precip. 
Storm duration 

= SCS Runoff 
= 25 yrs 
= 1 min 
= 4.300 ac 
= 1.0% 
=LAG 
= 4.10 in 
= 24 hrs 

~fESSJ~ 

~~~ 
~ PESTA e 
(,/) z 
'(; PE-6254 m 

Peak discharge 
Time to peak 
Hyd. volume 
Curve number 
Hydraulic length 
Time of cone. (Tc) 
Distribution 
Shape factor 

Thursday, 12 / 1 o I 2015 

= 10.30cfs 
= 730 min 
= 39,469 cuft 
= 85 
= 1050 ft 
= 28.65 min 
= Type II 
= 484 

Q (cfs) oATft/ID/tS Hyd. No. 2 -- 25 Year Q (cfs) 
~ nl _ :/!1> Area 2 
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Hydraflow Express Extension for Autodesk® AutoCAD® Civil 30® by Autodesk, Inc. 

Diversion 1 D Details 

Trapezoidal 
Bottom Width (ft) 
Side Slopes (z: 1) 
Total Depth (ft) 
Invert Elev (ft) 
Slope(%) 
N-Value 

Calculations 
Compute by: 
Known Q (cfs) 

Elev (ft) 

= 20.00 
= 6.00, 6.00 
= 2.00 
= 1144.20 
= 0.17 
= 0.035 

Known Q 
= 23.20 

Section 

Highlighted 
Depth (ft) 
Q (cfs) 
Area (sqft) 
Velocity (fUs) 
Wetted Perim (ft) 
Crit Depth, Ye (ft) 
Top Width (ft) 
EGL (ft) 

Thursday, Dec 10 2015 

= 0.75 
= 23.20 
= 18.37 
= 1.26 
= 29.12 
= 0.34 
= 29.00 
= 0.77 

Depth (ft) 

1147.00 --.----.-----.----.-----.----.-----.----.-----.-===c..;..----,----.-- 2.80 

-·· -- -·---·- ·------·- ·------------- ----···-····-·· ··---·-l·····-·----1------1 
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1146.00 

1145.50 

1145.00 

1144.50 

1144.00 --+---+----+---+----+---+----+----+----+----+----+---+-- -0.20 

1143.50 ---L----'------'-----'------'-----'------L----'------'-----'------L---'-- -0.70 
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Hydraflow Express Extension for Autodesk® AutoCAD® Civil 30® by Autodesk, Inc. 

Diversion 2C Details 

Trapezoidal 
Bottom Width (ft) 
Side Slopes (z: 1) 
Total Depth (ft) 
Invert Elev (ft) 
Slope(%) 
N-Value 

Calculations 
Compute by: 
Known Q (cfs) 

Elev (ft) 

= 12.00 
= 6.00, 4.00 
= 2.00 
= 1144.40 
= 0.78 
= 0.035 

Known Q 
= 10.30 

Section 

Highlighted 
Depth (ft) 
Q (cfs) 
Area (sqft) 
Velocity (ft/s) 
Wetted Perim (ft) 
Crit Depth, Ye (ft) 
Top Width (ft) 
EGL (ft) 

Thursday, Dec 10 2015 

= 0.40 
= 10.30 
= 5.60 
= 1.84 
= 16.08 
= 0.28 
= 16.00 
= 0.45 

Depth (ft) 
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I. EARTHEN CONTROL STRUCTURES 

A SAFETY 

The contractor is solely responsible for being aware of and meeting all safety 
requirements for work on this site. These may include but are not limited to requirements 
set forth by OSHA, the State or the County. The contractor is also responsible for 
locating any underground power lines, pipelines, phone lines, etc. in the area of 
excavation. This shall include notifying the North Dakota One-Call System at least two 
days prior to the start of excavation activities. 

If at any time, the contractor feels that due to site conditions, the construction techniques 
outlined in the Plans and Technical Specifications are not safe, he shall immediately stop 
work and contact the engineer, and an alternative method shall be determined. 

B. SITE PREPARATION 

The foundation and borrow area of all proposed earthwork areas shall be cleared of all old 
equipment, old buildings, trees, stumps, roots, brush and boulders and stripped of all sod 
and topsoil. All channel banks and sharp breaks shall be sloped no steeper than 1: 1. All 
topsoil containing substantial organic matter shall be removed and stockpiled. The 
surface of the foundation area will be thoroughly scarified to a minimum depth of 4 
inches before placement of compacted backfill. All drainage channels crossing fill areas 
shall be cleaned and widened to accommodate compaction equipment. Such channels 
shall be backfilled with suitable material as specified for compacted earthfill. All waste 
material shall be buried away from the fill area. 

C. EXCAVATION 
Unless specified by the Engineer, no borrow material shall be taken from areas outside 
the concrete tank area or designated borrow areas except for excavation of ditches or 
other structures shown on the plans. All materials undesirable for fill purposes shall be 
stripped from the borrow areas and either stockpiled for later use as topsoil or disposed of 
properly. The tank area shall be excavated to the lines and grades as shown on the plans. 
Any borrow areas outside the impoundment area shall be graded and left in a well-drained 
condition. 

While excavating the tank the cut should be no steeper than 1: 1 after four feet. If cut 
slope surfaces are unstable they shall be supported to prevent soil movement. The 
Contractor shall furnish, place, and subsequently remove the supports. The excavation 
for rigid conduit can be by Method 1, 2, or3. 

The contractor shall be responsible for the removal of excess water from any portion of 
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the job site and all necessary equipment. In addition the contractor is responsible for 
ensuring that all applicable permits have been obtained prior to any dewatering. Pumping 
of ponded water, if necessary during construction, shall be conducted in a timely manner 
to prevent saturation oflarge areas of the borrow pit and outletted to an acceptable 
drainage course as determined by the Engineer. 

D. BUILDING PAD/DRIVEW AV/SERVICE ROAD 
Earthfill shall be placed to the lines and grades as shown on the plans on all areas for 
proposed building construction. Compaction shall be performed to each 8 inch loose fill 
lift by means of a minimum of 6 passes of a standard sheepsfoot roller so that the 
sheepsfoot roller walks out of each lift to ensure the area has been uniformly compacted; 
or the compaction shall be performed to each lift by means of controlled travel of loaded 
rubber-tired compaction equipment or standard sheepsfoot roller so that the fill area has 
been uniformly compacted to 95% Standard Proctor Density (ASlM D-698) as 
determined by a testing lab approved by the Engineer. Each pass of soil loading and 
compaction equipment should travel parallel to the length of the buildings. The moisture 
content at the time of compaction for cohesive soils shall be consistent with the 
requirements of compaction at the optimum moisture content. 

E. GRAVEL 
This item shall consist of performing the work necessary supply and place gravel for 
access road areas to the locations, dimensions and grades shown on the drawings. Final 
elevation tolerances are± 0.1 '. Contractor shall have the equipment and ability to transfer 
elevations from construction stakes and blue tops. 

a) All gravel earthfills shall have a workmanlike finish (i.e. smoothed and grades 
with proper equipment). 
b) The fill materials, noted in drawings, for construction access roads shall be: 

1) Medium Class Gravel: 
i) Gravel shall have a uniform range of sizes, with no more than 
15% passing the No. 200 sieve and stones no larger than 2" 
ii) Gravel shall be compacted in 6" lifts by 2 passes over entire 
surface with a vibratory roller or rubber tire type compactor. 
iii) Gravel shall be leveled and graded with a road grader. 

2) Heavy Class Gravel: 
i) Gravel shall have a uniform range of sizes, with no more than 
10% passing the No. 200 sieve and shall not have stones larger 
than 1 inch. (Class 5) 
ii) Gravel shall be compacted in 6" lifts by 2 passes over entire 
surface with a vibratory roller or rubber tire type compactor. 
iii) Gravel shall be leveled and graded with a road grader. 

c) All organic material and topsoil shall be removed prior to areas with fill as 
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shown on drawings and replaced with compacted mineral earthfill. These areas 
shall be graded, roller compacted, and smoothed prior to geotextile and fill 
placement. These areas shall be brought up to top of sub-grade in low lying areas 
with earthfill material (mineral soils; not topsoil or organic materials). 
d) Gravel material shall be underlain with a woven geotextile. 
e) The access road shall be shaped as shown on drawings. 

F. GEOTEXTILE 
In designated areas, heavy class gravel will be underlain by a woven geotextile. The 
geotextile will be installed as follows: 

The geotextile shall be joined by overlapping a minimum of 18 inches (unless 
otherwise specified) and secured against the underlying foundation material. 
Securing pins, approved and provided by the geotextile manufacturer, shall be 
placed along the edge of the panel or roll material to adequately hold it in place 
during installation. Pins shall be steel or fiberglass formed as a U, L, or T shape 
or contain "ears" to prevent total penetration through the geotextile. Steel washers 
shall be provided on all but the U-shaped pins. The upstream or upslope geotextile 
shall overlap the abutting downslope geotextile. At vertical laps, securing pins 
shall be inserted through the bottom layers along a line through approximately the 
mid-point of the overlap. At horizontal laps and across slope labs, securing shall 
be inserted through the bottom layer only. Securing pins shall be placed along a 
line about 2 inches in from the edge of the placed geotextile at intervals not to 
exceed 12 feet unless otherwise specified. Additional pins shall be installed as 
necessary and where appropriate to prevent any undue slippage or movement of 
the geotextile. The use of securing pins will be held to the minimum necessary. 
Pins are to remain in place unless otherwise specified. 

Should the geotextile be tom or punctured, or the overlaps or sewn joint disturbed, 
as evidenced by visible geotextile damage, subgrade pumping, intrusion, or grade 
distortion, the backfill around the damaged or displaced area shall be removed and 
restored to the original approved condition. The repair shall consist of a patch of 
the same type of geotextile being used and overlaying the existing geotextile. 
When the geotextile seams are required to be sewn, the overlay patch shall extend 
a minimum of 1 foot beyond the edge of any damaged area and joined by sewing 
as required for the original geotextile except that the sewing shall be a minimum 
of 6 inches from the edge of the damaged geotextile. Geotextile panels joined by 
overlap shall have the patch extend a minimum of 2 feet from the edge of any 
damaged area. 

The geotextile shall be unrolled in a direction parallel to the roadway 
centerline in a loose manner permitting conformation to the surface 
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irregularities when the roadway fill material is placed on its surface. fu no 
case shall material be dropped on uncovered geotextile from a height of more 
than 5 feet. Unless otherwise specified, the minimum overlap of geotextile 
panels joined without sewing shall be 24 inches. The geotextile may be 
temporarily secured with pins recommended or provided by the manufacturer, 
but they shall be removed before the permanent covering material is placed. 
Woven geotextile shall have a minimum tensile strength of 120 lbs., 
conforming to ASTM Specification D 4632 (grab test method) and shall have 
an apparent opening size (AOS) ranging between 40 and 100 U.S. Standard 
sieve, conforming to ASTM Specification D 4751. 

If Proctor Density tests are to be performed on-site, a minimum of 2 field density 
tests per 8 inch lift per building site shall be performed during construction to verify 
compaction quality or as determined by the Engineer based on compaction results. 
The compaction tests are to be paid for by the Owner. Nuclear or other standard field 
density test methods are acceptable for this project. Grade tolerance on building site 
earthwork shall be -0 .10 to +0 .10 ft. 

G. CULVERTS 

The culvert structures shall be installed to the lines and grades as shown on the 
plans. The culverts shall be sized as according to the plans and they shall be 
HDPE smooth lined corrugated high density polyethylene pipe or equivalent. 
Fittings and appurtenances shall be made of the same material as the pipe. 

The culverts shall be bedded with a minimum of 3 inches of coarse grained 
material (sand, gravel or crushed rock) with a maximum diameter size of 1 
inch. fuitial backfill for 12 inches on both sides of the pipe and 12 inches above 
the top of the pipe shall consist of the same coarse grained material as the 
bedding. fuitial backfill shall first be worked and compacted under the haunches 
of the pipe to provide continuous support up to the pipe centerline in layers not 
more than six inches thick. The remainder of the initial backfill shall then be 
placed in layers not more than six inches thick. Care must be taken during initial 
backfill to ensure that tamping or vibratory equipment does not deform or displace 
the culvert. Final backfill shall consist of the remaining earthfill from the top of 
the initial backfill to the ground surface, including mounding for settlement. 
Final backfill shall be free of debris, rocks or other objects with a three inch 
nominal diameter or larger. 

H. TOPSOIL 
All cut and fill areas along side roads and building areas will have the entire back 
slope of the embankment be covered with a minimum of 6 inches of topsoil. The 
topsoil shall be placed during the normal fill operation, so no additional payment will 
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be made for same. Topsoil shall be worked and bonded to the underlying fill and 
compacted to the same specifications as the underlying fill. 

I. SEEDING 
All cut and fill areas above the crest of the permanent impoundment pool and the 
entire back slope of the embankment shall be seeded to perennial grass as specified 
by the Natural Resource Conservation Service recommended guidelines for seeding 
in the area of the state the project is located. 

J. CLEANUP 
During construction the Contractor shall keep the work site, areas adjacent to the 
work site and access roads in an orderly condition. Any spillage or debris resulting 
from the Contractor's operations shall be immediately removed. Upon completion, 
all debris, etc. shall be removed from the area. All access roads, other than public, 
shall be graded, smoothed over and left in a well-drained condition prior to 
equipment removal. 
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CONCRETE CONSTRUCTION SPECIFICATION 

2.1 SCOPE 

The work shall consist of furnishing, forming, placing, finishing, and curing portland 
cement concrete as required to build the structures described in Section 24 of this 
specification. 

2.2 MATERIALS 

Aggregates shall conform to the requirements of Material Specification 522 unless 
otherwise specified. The grading of coarse aggregates shall be as specified in Section 24. 

Portland cement shall conform to the requirements of Material Specification 531 for the 
specified type. 

Fly ash shall conform to the requirements of Material Specification 532. 

Air-entraining admixtures shall conform to the requirements of Material Specification 
533. If air-entraining cement is used, any additional air-entraining admixture shall be of 
the same type as that in cement. 

Water reducing and/or retarding admixtures shall conform ot the requirements of Material 
Specification 533. 

Curing compound shall conform to the requirements fo Material Specification 534. 

Preformed expansion joint filler shall conform to the requirements of Material 
Specification 535. 

Waterstops shall conform to the requirements of Material Specifications 537 and 538 for 
the specified kinds. 

Water used in mixing and curing concrete shall be clean and free from injurious amounts 
of oil, salt, acid, alkali, organic matter or other deleterious substances. 
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2.3 STRENGTH OF CONCRETE 

All concrete shall have the minimum compressive strength as specified on the included 
plans. Compressive strength shall be tested in conformance with Section 6 of this 
document. 

2.4 AIR CONTENT AND CONSISTENCY 

Unless otherwise specified in Section 24, the slump shall be 1 to .2. inches. If air 
entrainment is specified, the air content by volume shall be 5 to 8 percent of the volume 
of the concrete. When specified, directed or approved by the Engineer or his designated 
representative, a water-reducing, set-retarding or other admixture shall be used. lligh_ 
Range Water Reducing Agents (Supemlasticizers) may be used to increase workability 
reduce water content and control concrete temperature in hot weather. The maximum 
slump after adding high range water reducing agents shall be 7-1/2 inches. 

2.5 DESIGN OF THE CONCRETE MIX 

The proportions of the aggregates shall be such as to produce a concrete mixture that will 
work readily into the comers and angles of the forms and around reinforcement when 
consolidated, but will not segregate or exude free water during consolidation. 

Fly ash may be used as a partial substitution for Portland cement in an amount not greater 
than 25 percent (by weight) of the cement in the concrete mix, unless otherwise specified. 

2.6 INSPECTION AND TESTING 

The Engineer or his designated representative shall have free entry to the plant and 
equipment furnishing concrete under the contract. Proper facilities shall be provided for 
the Engineer or his designated representative to inspect materials, equipment and 
processes and to obtain samples of the concrete. All tests and inspections will be 
conducted so as not to interfere unnecessarily with manufacture and delivery of the 
concrete. 

Slump and a minimum of 3 cylinders shall be taken at an interval of at least every 100 
CY of concrete or once per pour, whichever is greater. One cylinder of each set shall be 
tested at 7 days and one at 28 days. The third shall be kept for re-testing if necessary. If 
any of the 28-day tests fail to meet the minimum compressive strength specified on the 
construction plans, the extra cylinder shall be tested. If the both the 28-day and the extra 
cylinder fail to meet the minimum required compressive strength, a minimum of 3 
concrete cores shall be taken of the area in question and tested for compressive strength at 
the contractor's expense. In the event that the compressive strength of the core samples 
fails to meet the specified minimum, the area in question shall be removed and replaced 
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per Section 20 of this document and retested. As an alternative to removal and 
replacement, retrofitting options may be submitted to the engineer for approval on a case 
by case basis. 

2. 7 HANDLING AND MEASUREMENT OF MATERIALS 

Materials shall be stockpiled and batched by methods that will prevent segregation or 
contamination of aggregates and insure accurate proportioning of the ingredients of the 
mix. 

Except as otherwise provided in Section 8, cement and aggregates shall be measured as 
follows: 

Cement shall be measured by weight or in bags of 94 pounds each. When cement is 
measured in bags, no fraction of a bag shall be used unless weighed. 

Aggregates shall be measured by weight. Mix proportions shall be based on saturated, 
surface-dry weights. The batch weight of each aggregate shall be the required saturated, 
surface-dry weight plus the weight of surface moisture it contains. 

Water shall be measured, by volume or by weight, to an accuracy within one percent of 
the total quantity of water required for the batch. 

Admixtures shall be measured within a limit of accuracy of three percent. 

2.8 MIXERS AND MIXING 

Concrete shall be uniform and thoroughly mixed when delivered to the work site. 
Variations in slump of more than one (1) inch within a batch will be considered evidence 
of inadequate mixing and shall be corrected by increasing mixing time or other acceptable 
alternative. 

For stationary mixers, the mixing time after all cement and aggregates are in the mixer 
drum shall be not less than 1-112 minutes. When concrete is mixed in a truck mixer, the 
number of revolutions of the drum or blades at mixing speed shall be not less than 70 nor 
more than 100. 

No mixing water in excess of the amount called for by the job mix shall be added to the 
concrete during mixing or hauling or after arrival at the delivery point. 

2.9 FORMS 

Forms shall be of wood, plywood, steel or other approved material and shall be mortar 
tight. The forms and associated falsework shall be substantial and unyielding and shall be 
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constructed so that the finished concrete will conform to the specified dimensions and 
contours. Form surfaces shall be smooth and free from holes, dents, sags or other 
irregularities. Forms shall be coated with a non-staining form release agent before being 
set into place. 

Metal ties or anchorages within the forms shall be equipped with cones, she-bolts or other 
devices that permit their removal to a depth of at least one inch without injury to the 
concrete. Ti es designed to break off below the surface of the concrete shall not be used 
without cones. 

All edges that will be exposed to view when the structure is completed shall be 
chamfered, unless finished with molding tools as specified in Section 18. 

2.10 PREPARATION OF FORMS AND SUBGRADE 

Prior to placement of concrete, the forms and subgrade shall be free of chips, sawdust, 
debris, water, ice, snow, extraneous oil, mortar, or other harmful substances or coatings 
and the temperature of all surfaces to be in contact with the new concrete shall be not be 
less than 40°F. Any oil on the reinforcing steel or other surfaces required to be bonded to 
the concrete shall be removed. Rock surfaces shall be cleaned by air-water cutting, wet 
sandblasting or wire brush scrubbing, as necessary, and shall be wetted immediately prior 
to placement of concrete. Placement of concrete on mud, dried earth or un-compacted fill 
or frozen subgrade will not be permitted. Earth surfaces shall be firm and damp. 
Granular subgrade material, if required, shall be graded and compacted as described in 
Section 24 of this specification. 

Items to be embedded in the concrete shall be positioned accurately and anchored firmly. 

Weepholes in walls or slabs shall be formed with nonferrous materials. 

2.11 CONVEYING 

Concrete shall be delivered to the site and discharged into the forms within 1-1/2 hours 
after the introduction of the cement to the aggregates. In hot weather or under conditions 
contributing to quick stiffening of the concrete, the time between the introduction of the 
cement to the aggregates and discharge shall not exceed 45 minutes. 

The Engineer or his designated representative may allow a longer time, provided the 
setting time of the concrete is increased a corresponding amount by the addition of an 
approved set-retarding admixture. In any case, concrete shall be conveyed from the mixer 
to the forms as rapidly as practicable by methods that will prevent segregation of the 
aggregates and no loss of mortar occurs. 

2.12 PLACING 
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The Contractor shall give reasonable notice to the Engineer or his designated 
representative each time he intends to place concrete. Such notice shall provide sufficient 
time for the Engineer or his designated representative to inspect the subgrade, forms, steel 
reinforcement and other preparations for compliance with the specifications. "Other 
preparations" include but are not limited to the concrete mixing plant, delivery equipment 
system, placing, finishing, and curing equipment and system, schedule of work, 
workforce, heating or cooling facilities if applicable. Deficiencies are to be corrected 
before concrete is delivered for placing. 

When placing the concrete, it shall be conveyed to the forms in such a manner to prevent 
segregation of aggregates. The concrete shall be deposited as closely as possible to its 
final position in the forms and shall be worked into the comers and angles of the forms 
and around all reinforcement and embedded items in a manner to prevent segregation of 
aggregates or excessive laitance. Formed concrete shall be placed in horizontal layers not 
more than 20 inches thick. Concrete shall not be dropped more than I 0 feet vertically 
unless suitable equipment is used to prevent segregation. When high range water 
reducing agents are used, the concrete shall not be allowed to drop more than 15 feet. 
Hoppers and chutes, pipes or "elephant trunks" shall be used as necessary to prevent 
segregation and the splashing of mortar on the forms and reinforcing steel above the layer 
being placed. 

Immediately after the concrete is placed in the forms, it shall be consolidated by spading, 
hand tamping or vibration as necessary to insure smooth surfaces and dense concrete. 
Each layer shall be consolidated to insure monolithic bond with the preceding layer. If 
the surface of a layer of concrete in-place sets to the degree that it will not flow and 
merge with the succeeding layer when spaded or vibrated, the Contractor shall 
discontinue placing concrete and shall make a construction joint according to the 
procedure specified in Section 13. 

If placing is discontinued when an incomplete horizontal layer is in place, the unfinished 
end of the layer shall be formed by a vertical bulkhead. 

2.13 CONSTRUCTION JOINTS 

Construction joints shall be made at the locations shown on the drawings. If construction 
joints are needed which are not shown on the drawings, they shall be placed in locations 
approved by the Engineer or his designated representative. 

Where a feather edge would be produced at a construction joint, as in the top surface of a 
sloping wall, an insert form shall be used so that the resulting edge thickness on either 
side of the joint is not less than 6-inches. 

In walls and columns, as each lift is completed, the top surfaces shall be immediately and 
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carefully protected from any condition that might adversely affect the hardening of the 
concrete. 

Steel tying and form construction adjacent to concrete in-place shall not be started until 
the concrete has cured at least 12-hours. Before new concrete is deposited on or against 
concrete that has hardened, the forms shall be re-tightened. New concrete shall not be 
placed until the hardened concrete has cured at least 12-hours. 

Surfaces of construction joints shall be cleaned of all unsatisfactory concrete, laitance, 
coatings or debris by washing and scrubbing with a wire brush or wire broom or by other 
means approved by the Engineer or his designated representative. The surfaces shall be 
kept moist for at least one hour prior to placement of the new concrete. 

2.14 EXPANSION AND CONTRACTION JOINTS 

Expansion and contraction joints shall be made only at locations shown on the drawings. 

Exposed concrete edges at expansion and contraction joints shall be carefully tooled or 
chamfered, and the joints shall be free of mortar and concrete. Joint filler shall be left 
exposed for its full length with clean and true edges. 

Preformed expansion joint filler shall be held firmly in the correct position as the concrete 
is placed. 

When open joints are specified, they shall be constructed by the insertion and subsequent 
removal of a wooden strip, metal plate or other suitable template in such a manner that 
the comers of the concrete will not be chipped or broken. The edges of open joints shall 
be finished with an edging tool prior to removal of the joint strips. 

2.15 WATERSTOPS 

Waterstops shall be held firmly in the correct position as the concrete is placed. Joints in 
metal waterstops shall be soldered, brazed or welded. Joints in rubber or plastic 
waterstops shall be cemented, welded or vulcanized as recommended by the 
manufacturer. Joints shall be watertight and of a strength equivalent to that specified in 
Material Specification 537. Intersecting waterstop joints shall be prefabricated and 
supplied by the same manufacturer providing the waterstop. 

2.16 REMOVAL OF FORMS 

Forms shall be removed in such a way as to prevent damage to the concrete. Supports 
shall be removed in a manner that will permit the concrete to take the stresses due to its 
own weight uniformly and gradually. 
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2.17 FINISHING FORMED SURFACES 

Immediately after the removal of the forms: 

a. All fins and irregular projections shall be removed from exposed surfaces. 

b. Unless otherwise specified in Section 24, the holes produced on all 
surfaces by the removal of form ties, cone-bolts, and she-bolts shall be 
cleaned, wetted and filled with a dry-pack mortar consisting of one part 
portland cement, three parts sand that will pass a No. 16 sieve, and just 
sufficient water to produce a consistency such that the filling is at the point 
of becoming rubbery when the material is solidly packed. 

2.18 FINISHING UNFORMED SURFACES 

All exposed surfaces of the concrete shall be accurately screeded to grade and then float 
finished, unless specified otherwise. 

Excessive floating or troweling of surfaces while the concrete is soft will not be 
permitted. 

The addition of dry cement or water to the surface of the screeded concrete to expedite 
finishing will not be allowed. 

Joints and edges on unformed surfaces that will be exposed to view shall be chamfered or 
finished with molding tools. 

2.19 CURING 

Concrete shall be prevented from drying for a curing period of at least 7 days after it is 
placed. Exposed surfaces shall be kept continuously moist for the entire period, or until 
curing compound is applied as specified below. Moisture shall be maintained by 
sprinkling, flooding or fog spraying or by covering with continuously moistened canvas, 
cloth mats, straw, sand or other approved material. Wood forms left in-place during the 
curing period shall be kept continuously wet. Formed surfaces shall be thoroughly wetted 
immediately after forms are removed and shall be kept wet until patching and repairs are 
completed. Water or covering shall be applied in such a way that the concrete surface is 
not eroded or otherwise damaged. 

Concrete, except at construction joints, may be coated with the approved curing 
compound in lieu of continued application of moisture, except as otherwise specified in 
Section 24. The compound shall be sprayed on the moist concrete surfaces as soon as 
free water has disappeared, but shall not be applied to any surface until patching, repairs 
and finishing of that surface are completed. The compound shall be applied at a uniform 
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rate of not less than one gallon per 175 square feet of surface and shall form a continuous 
adherent membrane over the entire surface. Curing compound shall be thoroughly mixed 
before applying and continuously agitated during application. Curing compound shall not 
be applied to surfaces requiring bond to subsequently placed concrete, such as 
construction joints, shear plates, reinforcing steel and other embedded items. If the 
membrane is damaged during the curing period, the damaged area shall be re-sprayed at 
the rate of application specified above. Surfaces covered by the membrane shall not be 
trafficked unless protected from wear. 

2.20 REMOVAL AND REPLACEMENT OR REPAffi 

When concrete is honeycombed, damaged or otherwise defective, the Contractor shall 
remove and replace the structure or structural member containing the defective concrete 
or, where feasible, correct or repair the defective parts. The Engineer or his designated 
representative will determine the required extent of removal, replacement or repair. Prior 
to starting repair work the Contractor shall obtain the Engineer's or his designated 
representative's approval of his plan for effecting the repair. The Contractor shall 
perform all repair work in the presence of the Engineer or his designated representative. 

2.21 CONCRETING IN COLD WEATHER 

Concrete shall not be mixed nor placed when the daily minimum atmospheric 
temperature is less than 40°F unless facilities are provided to prevent the concrete from 
freezing or appropriate non-chloride based accelerators are used. If accelerators or 
antifreeze compounds are planned to be used, the Engineer shall be notified at least 2 
days prior to their use for review. 

2.22 CONCRETING IN HOT WEATHER 

The Contractor shall apply effective means to maintain the temperature of the concrete 
below 90°F during mixing, conveying and placing. 

2.23 MEASUREMENT AND PAYMENT 

For items of work for which specific unit prices are established in the contract, concrete 
will be measured to the neat lines shown on the drawings and the volume of concrete will 
be computed to the nearest 0.1 cubic yard. Measurement of concrete placed against the 
sides of an excavation without the use of intervening forms will be made only to the neat 
lines or pay limits shown on the drawings. No deduction in volume will be made for 
chamfers, rounded or beveled edges or for any void or embedded item that is less than 
five (5) cubic feet in volume. 

Payment for each item of structure concrete will be made at the contract unit price or the 
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contract lump sum, whichever is applicable, for that item. Such payment will constitute 
full compensation for all labor, materials, equipment, transportation, tools, forms, 
falsework, bracing and all other items necessary and incidental to the completion of the 
work, except items listed for payment elsewhere in the contract. 

Compensation for any item of work described in the contract but not listed in the bid 
schedule will be included in the payment for the item of work to which it is made 
subsidiary. Such items and the items to which they are made subsidiary are identified in 
Section 24 of this specification. 

2.24 ITEMS OF WORK AND CONSTRUCTION DETAILS 

Items of work to be performed in conformance with this specification and the 
construction details therefor are: 

2.24.1 Reinforced Concrete 

2.24.1.1 

2.24.1.2 

2.24.1.3 

2.24.1.4 

2.24.1.5 

2.24.1.6 

2.24.1.6 

2.24.1.7 

2.24.1.8 
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This item shall consist of furnishing and placing concrete as 
shown in the plans. 

Cement shall be Type I, IA (air-entrained), II or IIA (air
entrained). 

Concrete shall be air-entrained. The air content (by 
volume) of the concrete at time of placement shall be 5 to 8 
percent. 

The gradation of the coarse aggregate shall be Size No. 57 
as defined in ASTM C-33. 

At least 30% of the total weight of aggregate shall be coarse 
aggregate crushed limestone. 

Slump shall be 3" plus or minus 1" for concrete without 
admixtures. If water reducing agents the maximum slump 
may be increased to 7.5". 

The temperature of the concrete at the time of placement 
shall not be less than 40oF nor greater than 90oF. 

Non-shrink grout shall be used everywhere that grouting is 
required. 

The contractor shall be required to have, as a minimum, 
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two mechanical vibrators in working condition for 
consoiidation of concrete on the site during concrete 
placement operations. 

2.24.1.9 The granular subgrade shall meet the Nebraska Department 
of Roads gradation 47B (fine aggregate for concrete), and 
shall be compacted as follows: 

2.24.1.9.1 The subgrade material shall be thoroughly 
wet prior to compaction. 

2.24.1.9.2 Compaction shall be accomplished while the 
material is wet from the above step. 

2.24.1.9.3 The subgrade shall be compacted by 2 
(minimum) passes of a hand-directed, 
vibratory compactor over the entire surface. 

2.24.1. 7 Payment for concrete will be made as per agreement 
between the Contractor and Cooperator, which may or may not be 
a contract lump sum price. 

2.24.2 Subsidiarv Item, Waterstops 

This item shall consist of furnishing and installing the waterstops as shown on the 
drawings. Separate payment will not be made for waterstops, as compensation 
will be considered in the payment for concrete. 

2.24.3 Subsidiary Item, Grouting between gang slat panels 

This item shall consist of furnishing and placing grout between the gang slat 
panels as described on the drawings. Separate payment will not be made for 
grouting, as compensation will be considered in the payment for concrete. 

2.24.4 Subsidiary Item, Grouting between slat support girders 

This item shall consist of furnishing and placing grout between the slat support 
girders as described on the drawings. Separate payment will not be made for 
grouting, as compensation will be considered in the payment for concrete. 
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3. STEEL REINFORCEMENT FOR CONCRETE CONSTRUCTION 
SPECIFICATION 

3.1 SCOPE 

The work shall consist of furnishing and placing steel reinforcement for reinforced 
concrete or pneumatically applied mortar. 

3.2 MATERIALS 

Steel reinforcement shall conform to the requirements of Material Specification 539. 
Before reinforcement is placed, the surfaces of the bars and fabric and any metal supports 
shall be cleaned to remove any loose, flaky rust, mill scale, oil, grease or other 
undesirable coatings or foreign substances. Epoxy-coated steel reinforcement shall be 
free of surface damage. After placement, the reinforcement shall be maintained in a clean 
and serviceable condition until it is completely embedded within the concrete. 

3.3 BAR SCHEDULE, LISTS AND DIAGRAMS 

Any supplemental bar schedules, bar lists or bar-bending diagrams required in Section 10 
of this specification to accomplish the fabrication and placement of steel reinforcement 
shall be provided by the Contractor. Prior to placement of reinforcement, the Contractor 
shall furnish four copies of any such lists or diagrams to the Engineer or his designated 
representative for approval. Acceptance of the reinforcement will not be based on 
approval of these lists or diagrams, but will be based on inspection of the steel 
reinforcement after it has been placed, tied, supported and ready to receive concrete. 

3.4 BENDING 

Reinforcement shall be cut and bent in compliance with the requirements of the American 
Concrete Institute Standard 315. Bars shall not be bent or straightened in a manner that 
will injure or weaken the material. Bars with kinks, cracks or improper bends will be 
rejected. 

3.5 SPLICING BAR REINFORCEMENT 

Locations for splices of reinforcement shall be left to the judgement of the Contractor. 
Splice lengths shall meet the requirements of ACI Standard 318 "Building Code 
Requirements for Reinforced Concrete" and are given in Section 10 of this specification. 
Locations where splices of reinforcement are not allowed are described in Section 10 of 
this specification. 

3.6 SPLICING WELDED WIRE FABRIC 

DeHaan, Grabs & Associates, LLC 

19 



000083

Rolling Green Family Farms RE, LLP 
Cass County. ND 

December 2, 2015 

Unless otherwise specified, welded wire fabric shall be spliced in the following manner: 

a. Adjacent sections shall be spliced end to end (longitudinal lap) by 
overlapping a minimum of one full mesh plus two (2) inches plus the 
length of the two end overhangs. The splice length is measured from the 
end of the longitudinal wires in one piece of fabric to the end Of the 
longitudinal wire in the lapped piece of fabric. 

b. Adjacent sections shall be spliced side to side (transverse lap) a minimum 
of one full mesh plus two (2) inches. The splice length shall be measured 
from the centerline of the first longitudinal wire in one piece of fabric to 
the centerline of the first longitudinal wire in the lapped piece of fabric. 

3.7 PLACING 

Reinforcement shall be accurately placed and secured in position in a manner that will 
prevent its displacement during the placement of concrete. Tack welding of bars will not 
be permitted. Metal chairs, metal hangers, metal spacers and concrete chairs may be used 
to support the reinforcement. Metal hangers, spacers and ties shall be placed in such a 
manner that they will not be exposed in the finished concrete surface. The legs of metal 
chairs or side form spacers that may be exposed on any face of slabs, walls, beams or 
other concrete surfaces shall have a protective coating or finish by means of hot dip 
galvanizing, epoxy coating, plastic coating, or be stainless steel. Metal chairs and spacers 
not fully covered by a protective coating or finish shall have a minimum cover of 3/4 inch 
of concrete over the unprotected metal portion except for those with plastic coatings may 
have a minimum cover of 1/2 inch of concrete over the unprotected metal portion. Pre
cast concrete chairs shall be manufactured of the same class of concrete as specified for 
the structure and shall have the tie wires securely anchored in the chair or a V-shaped 
groove at least 3/4 inch in depth molded into the upper surface to receive the steel bar at 
the point of support. Pre-cast concrete chairs shall be clean and moist at the time 
concrete is placed. 

High density or structural plastic rebar accessories, designed to insure maximum concrete 
bond, may be substituted for metal or concrete accessories in spacer applications as 
approved by the Engineer or his designated representative. Exposure of plastic rebar 
accessories at the finished concrete surface shall be kept to a minimum. Plastic rebar 
accessories, when used, shall be staggered along adjacent parallel bars and shall be placed 
at intervals no closer than twelve (12) inches. Plastic rebar accessories shall not be used 
in concrete section six ( 6) inches or less in thickness. 

3.8 STORAGE 

Steel reinforcement stored at the work site shall be placed on platforms, skids or other 
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supports and in a manner that contact with the ground is avoided and be protected from 
mechanical damage and/or corrosion. 

3.9 MEASUREMENT AND PAYMENT 

For items of work for which specific unit prices are established in the contract, the weight 
of steel reinforcement placed in the concrete in accordance with the drawings will be 
determined to the nearest pound by computation from the placing drawings. 
Measurement of hooks and bends will be based on the requirements of ACI Standard 315. 
Computation of weights of reinforcement will be based on the unit weights established in 

Tables 34-1 and 34-2 of this specification. Computation of weights for welded wire 
fabric not shown in Table 34-2 shall be based on ACI Standard 315. The area of welded 
wire fabric reinforcement placed in the concrete in accordance with the drawings will be 
determined to the nearest square foot by computation from the placing drawings with no 
allowance for required laps. The weight of steel reinforcing in extra splices or extra
length splices approved for the convenience of the Contractor or the weight of supports 
and ties will not be included in the measurement for payment. 

Payment for furnishing and placing reinforcing steel will be made at the contract unit 
price. Such payment will constitute full compensation for all labor, materials, equipment 
and all other items necessary and incidental to the completion of the work including 
preparing and furnishing bar schedules, lists or diagrams; furnishing and attaching ties 
and supports; and furnishing, transporting, storing, cutting, bending, cleaning and 
securing all reinforcements. 

Compensation for any item of work described in the contract, but not listed in the bid 
schedule, will be included in the payment for the item of work to which it is made 
subsidiary. Such items to which they are made subsidiary are identified in Section 10 of 
this specification. 

TABLE 34-1. STANDARD REINFORCING BARS 

Bar Size No. Wei!ilit (lb./ft.) 
3 0.376 
4 0.668 
5 1.043 
6 1.502 
7 2.044 
8 2.670 
9 3.400 

10 4.303 
11 5.313 
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14 7.650 
18 13.600 

TABLE 34-2. RECTANGULAR WELDED WIRE FABRIC 
Style Designation 

By Steel Wire Gau2e ByW-Number (lb./100 Sq. Ft.) 
6x6-10xl0 6 x 6 - Wl.4 x Wl.4 21 
6x6- 8x8 6 x 6 - W2.l x W2.l 30 
6x6- 6x6 6 x 6 - W2. 9 x W2. 9 42 
6x6- 4x4 6x6- W4.0xW4.0 58 

4x4-10xl0 4 x 4 - Wl.4 x Wl.4 31 
4x4- 8x8 4 x 4 - W2. l x W2. l 44 
4x4- 6x6 4 x 4 - W2. 9 x W2. 9 62 
4x4- 4x4 4x4- W4.0xW4.0 85 

4xl2-8xl2 4 x 12 - W2.1 x W0.9* 25 
4 x 12- 7 x 11 4x12- W2.5 x Wl.l* 31 

NOTE: Style Designation is defined in ACI Standard 315 of the American 
Concrete Institute. 
"Welded smooth wire fabric with wires smaller than Size Wl.4 is manufactured 
from galvanized wire. 

3.10 ITEMS OF WORK AND CONSTRUCTION DETAILS 

Items of work to be performed in conformance with this specification and the 
construction details therefore are: 

3 .10.1 Reinforcing Steel 

3.10.1.1 This item shall consist of furnishing and placing reinforcing 
steel as shown on the plans. 

3.10.1.2 

3.10.1.3 

3.10.1.4 

DeHaan, Grabs & Associates, LLC 

All reinforcing steel (bars and wire mesh) shall be Grade 
60. 

Splice lengths shall be 25", 33", and 41" for #3, #4, and #5 
bars respectively. 

There shall be no splicing of the bars in the endwall beam 
(the heavily reinforced section of the end wall near the top) 
unless the splice occurs directly behind the center of the 
girder/endwall connection. 
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3.10.1.5 If any shop drawings are developed, copies will be given to 
the Engineer for review prior to construction. 

3.10.1.6 Payment for reinforcing steel will be made as per 
agreement between the Contractor and Cooperator, which 

4. PLASTIC SEWER PIPE AND FITTINGS 

A SCOPE. 

The work specified under this section includes the manufacture, construction, and 
installation of polyvinyl chloride (PVC) pipe and fittings for gravity and pressure 
animal waste collection and transfer pipeline systems. 

B. WASTE STORAGE TANK INLET STRUCTURES. 

The inlet structures shall be defined as beginning at the final clean out and continuing 
through the inlet support in the waste storage TANK as shown on the plans. The 
inlet structures shall be installed to the lines and grades as shown on the plans. The 
inlets shall be constructed of PVC pipe. Pipe shall be hand back-filled and 
compacted a minimum of 3 feet from the waste storage tank interior finish line to 
preclude any seepage path along the pipe. 

C. PIPELINE. 

1. MATERIALS. Pipe used in all mains and services shall be rigid 
extruded Polyvinyl Chloride (PVC) pipe. All pipe used shall conform 
to Commercial Standard 256-63 for Polyvinyl Chloride (PVC) 
Pressure pipe, and ASAE Standard S376, Design, Installation and 
Performance of Underground Thermoplastic Irrigation Pipelines. All 
pipe shall have the following minimum strengths: SDR35 for gravity 
drains and SDR26 for pressure lines. 

2. INSTALLATION. All pipe shall be clean on the inside and free of 
any foreign material. If the Engineer deems it necessary, the pipe 
shall be cleaned by passing a swab of the proper size through the pipe 
before joining. Once cleaned, the pipe shall be kept clean during and 
after installation. A tight cap shall be placed over the open end of the 
installed pipeline after each workday. 

3. TRENCHING AND BACKFILL. Where possible the pipe trench 
shall be excavated to a depth sufficient to provide a minimum cover 
of 84 inches above the top of the pipe for pressure lines and 48 inches 
for gravity lines. 
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Backfill immediately adjoining the pipe to 12 inches above the pipe 
shall be loose soils or sand free from stone. Where possible this shall 
be obtained from the site, but if suitable material is not available on 
site, an acceptable borrow area, as determined by the Engineer, shall 
be supplied by the Owner. In areas where any rock is encountered, 
backfill pipe to avoid damage to the pipe and eliminate the presence 
of potentially damaging rock. 
The remainder of the backfill may be placed by hand or machine. 
This material shall contain no rock larger than 6 inches in it's longest 
dimension except in areas where rip rap is needed in the top 6 inches 
of fill. Any rock incorporated as backfill must first be approved by 
the Engineer. In areas where no rock is encountered, all backfill may 
be machine placed. All waste rock and brush caused by the 
installation of the waterline shall be disposed of. Backfill shall be 
mounded over the trench to allow for future settlement. Vegetative 
reseeding shall be required only on large disturbed areas such as 
around the manhole site. 
If the cover material is not available, then the pipe will need to be 

insulated from freezing conditions. 
4. PIPE LA YING. Pipe routes shall be as shown on the plans. Pipe 

may be strung along in advance of trenching but only as may be 
reasonably installed in one work day. 
Trenches shall be allowed to nearly reach the temperature of the 
surrounding earth before attachment to fixed structures or back filling 
operations commence as outlined in ASAE Standard S376 for 
placement in extremely hot or cold weather. 

5. SEWER LINES. All sewer lines shall be installed to the lines and 
grades as shown on the plans. Tolerance for sewer grades shall to 
+0.5% in any 100 foot section. No slope reversals shall be tolerated. 
All sewer pipe shall be SDR 35 PVC plastic with bell and gasket 
joints for gravity lines and SDR 26 PVC plastic with bell and gasket 
joints for pressure lines. All pipe shall be installed according to the 
ASTM Recommended Practice for the Installation of PVC Sewer 
Pipe ASTM 2341. Proper safety precautions for installations in deep 
trenches shall be followed at all times. Cleanouts shall be installed 
every 200 feet as shown on the plans. Earthfill over the sewer lines 
shall be compacted to the same density as is required in adjacent fill. 

6. SEWER LINE ROUTES. Placement of fill over sewer lines shall 
follow procedures outlined in the waste retention pond embankment 
section of these specifications. Minimum 84 inch cover depths shall 
be obtained over all pressure sewer lines and 48 inches over gravity 
lines by placement of additional fill in areas needed. Compaction of 
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this fill where not located under proposed buildings shall be to the 
same levels as specified for earthfill placed in the waste storage pond 
embankment. Where the sewer line is to be buried on the pond dike, 
adequate excess fill above design height shall be place to maintain 4 
feet of cover there also. The fill required to do this shall be placed on 
the top of the berm and blended in with the design slopes of the berm. 
Adequate measures shall be taken to insure drainage paths are not 

obstructed by earthfill placed to insure adequate sewer line cover. 
Grade on fill placed over sewer line routes shall be adequate to 
maintain proper surface drainage. 

7. THRUST BLOCKING. Thrust blocking prevents line movement and 
is required primarily with rubber gasket joints. Thrust blocks are 
required at the following locations: 
a. Where the pipe changes the direction of the water (tees, 

elbows, crosses, etc.) 
b. Where the pipe size changes (reduces) 
c. At the end of the pipeline (clean outs, plugs, etc.) 
d. Where there is an in line valve. 
Thrust blocks shall be placed against a solid wall, usually hand 
excavated. Sizing and placement shall be determined as shown in the 
plans and ASAE S376 or a minimum of 2000 psi compressive 
strength at 28 days. Thrust blocking shall be provided similarly 
wherever needed in all suspended piping in the unit. Blocking shall 
provide neat, secure, and serviceable installation using suspension 
strapping, joint ties and other appropriate means as reviewed and 
approved by the Engineer. 

8. INSPECTION. Each phase of construction of the lines shall be 
inspected and approved by the Engineer or a qualified representative 
of the Engineer. 
The inspector shall examine and determine the adequacy of the 
following construction steps: 
h. Trenching - minimum depth and condition of the bottom of 

trench. 
i. Placement of bedding material (if required). 
J. Installation of pipe (cleaning, joint testing, snaking, thrust 

blocks). 
k. Supervised backfill to 12 inches over pipe. 
I. Mechanical placed backfill in areas without rocks and above 

12 inches over pipe. 
rn. Testing - (pressure check, leak repair). 
In areas where rock is encountered, the bedding together with the first 
12 inches of carefully placed fill shall be done only with the inspector 
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present. 
9. ORDER OF WORK. Work shall commence at the point of 

connection to the source and commence in an orderly manner so that 
each section ofline is tied together and tested in sequence. More than 
one section of line may be constructed at the same time, but work 
shall commence toward joining together all sections to be tested in 
sequence. Priority of construction shall be determined by the 
Engineer. 

10. SYSTEM TESTING. All pressure lines shall be hydrostatically 
tested at the pressure rating of the pipe or 160 psi, whichever is less. 
The system shall be tested in segments that can be isolated by valving 
or dead ends in the finished system. Sufficient backfilling shall be 
carried out prior to testing to prevent damage to fittings caused by 
excessive pipe movement. Testing shall be conducted in the 
following manner: 
a. Slowly fill the pipe with water until all air is exhausted from 

the system. Bleed each meter site until all air is removed. 
b. Raise pressure to working strength of the pipe or 160 psi, 

whichever is less, based upon the lowest elevation of the pipe 
adjusted to the elevation of the pressure gauge. This should 
be done by controlled pumping from a container of known 
volume. 

c. Pressure must be maintained for 2 hours without additional 
pumping. A chart should be kept for each test performed 
showing pressure changes as a function of time. This can be 
manually recorded or recorded by appropriate instrumentation 
under the supervision of the inspector. 

If constant pressure cannot be maintained for 2 hours without 
additional pumping, a leak may be indicated in the segment. The leak 
shall be located and repaired and the segment retested. Entrapped air 
can cause pressure drops of up to 10 psi without a leak being present 
under certain conditions so a longer test period may be needed if air is 
believed to be in the system. 
If all means of finding a leak have been exhausted without success, 
the Engineer may use the following method to determine leakage: 
n. Fill containers of known volume and maintain pressure in 

segment for 2 hours by pumping from these containers. 
o. Measure water required to refill containers after 2 hour test 

period. 
p. Leakage shall not exceed 10 gallon per inch of pipe diameter 

per mile of pipe over 24 hours. 

DeHaan, Grabs & Associates, LLC 

26 



000090

Rolling Green Family Farms RE_, LLP 
Cass County, ND 

December 2, 2015 

The inspector shall be present at times of testing and record results. 
The inspector shall make results of the tests available to the Owner. 
All defective materials found during testing shall be removed and 
replaced at the Contractor's expense. No segment of the line shall be 
approved by the Engineer until it has been successfully tested. The 
contractor shall furnish all the necessary equipment for testing and 
make the test at his own expense. 

D. VAL VE AND CLEANOUTS. 

1. GA TE VALVES. All valves shall be gate valves of equivalent size. 
All gate valves shall be iron body, bronze mounted, double disc, 
parallel seat type valves, designed and guaranteed for a working 
pressure of not less than 200 psi. Valves shall be "Kennedy A WW A" 
or equivalent with end connections for PVC pipe. Valve stems for key 
operated valves shall have a 2 inch square opening nut, secured with a 
lock nut. 

2. CHECK VALVES. Where the check flow meters are shown on the 
final plans, the check valve shall be a 6" check valve or equivalent. 

3. VALVE BOXES. Valve boxes shall either a PVC pipe sized and cut 
to the appropriate length for the valve installed or a typical valve box 
as shown on the plans. Boxes shall be of a length compatible with the 
depth of trench required. Boxes for all gate valves and cleanouts 
shall use 8 or 10 inch SDR 26 PVC pipe. Lids shall be either a 
standard PVC caps or a typical valve box as shown on the plans. 

4. SETTING VALVES. Valves shall be located according to the 
instructions of the Engineer. The valve boxes shall be set directly 
over the valve, plumbed and top brought level with the ground and 
backfilled. The backfill shall be thoroughly tamped around the box. 

E. CONCRETE. 

All cement, water, aggregates and metal reinforcements shall conform to the 
requirements of the American Concrete Institute 318 "Building Code 
Requirements of Reinforced Concrete". 
Strengths of concrete used in foundations for structures associated with the 
storage and distribution system shall be a minimum of 3000 psi at 28 days. 
Concrete work shall conform to all the requirements of ACI "Specifications 
for Structural Concrete for Building" except where specifically modified by 
written agreement between the Owner and the Contractor. 
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5. QUALITY ASSURANCE PROGRAM 

A. LINES OF AUTHORITY 

1. The ENGINEER will act in the capacity of the OWNER and will 
ensure the project is completed according to the DRAWINGS and 
SPECIFICATIONS. 

2. The CONTRACTOR shall keep on the work site a copy of current 
DRAWINGS and SPECIFICATIONS. 

3. In case of conflict between theDRA WINGS and SPECIFICATIONS, 
the SPECIFICATIONS shall govern. Figured dimensions on 
DRAWINGS shall govern over general DRAWINGS. 

4. Any discrepancies found between the DRAWINGS and 
SPECIFICATIONS and site conditions or any inconsistencies or 
ambiguities in the DRAWINGS or SPECIFICATIONS shall be 
immediately reported to the ENGINEER, who shall promptly correct 
such inconsistencies or ambiguities. 

B. SPECIALIZED SKILLS OR WORK QUALIFICATIONS 

1. Any testing or inspection conducted will be under the approval of the 
ENGINEER. 

2. All sampling and testing will be conducted by an authorized 
representative of the ENGINEER or by a testing company approved 
to conduct tests as specified in the SPECIFICATIONS. 

C. OBSERVATION AND OVERSIGHT DUTIES 

1. The ENGINEER or his representative will stake out the construction 
of the facility. 

2. The construction will be inspected by the ENGINEER or his assigned 
representative. 

3. During the construction of the following components the ENGINEER 
will have a representative on site. 
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a. Concrete Forming & Placement of Rebar 
b. Concrete Pouring of Floor and Walls 
c. Sewer Line Installation 

4. After finished construction, the site will be measured by the 
ENGINEER to ensure it was constructed as planned. 

D. TEST PROCEDURES, FREQUENCIES AND REPORTING 

1. The Construction of the Site will meet the SPECIFICATIONS 
identified in this section. 

2. The Engineer or his designated representative shall have free entry to 
the plant and equipment furnishing concrete under the contract. 
Proper facilities shall be provided for the Engineer or his designated 
representative to inspect materials, equipment and processes and to 
obtain samples of the concrete. All tests and inspections will be 
conducted so as not to interfere unnecessarily with manufacture and 
delivery of the concrete. 

Slump and a minimum of 3 cylinders shall be taken at an interval 
of no more than once each I 00 CY of concrete or once per pour, 
whichever is greater. One cylinder of each set shall be tested at 7 
days and one at 28 days. The third shall be kept for re testing if 
necessary. If any of the 28 day tests fail to meet the minimum 
compressive strength specified on the construction plans, the extra 
cylinder shall be tested. If the both the 28 day and the extra 
cylinder fail to meet the minimum required compressive strength, a 
minimum of 3 concrete cores shall be taken of the area in question 
and tested for compressive strength at the contractor's expense. In 
the event that the compressive strength of the core samples fails to 
meet the specified minimum, the area in question shall be removed 
and replaced as per the ENGINEER'S requirements and retested. 
As an alternative to removal and replacement, retrofitting options 
may be submitted to the engineer for approval on a case by case 
basis. 

3. A final certification and report will be conducted by the ENGINEER 
to ensure that the facility is within ± 5 % in dimensions and that the 
liner as well as all critical components were constructed according to 
the DRAWINGS and SPECIFICATIONS. 
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SECTION 6: ZONING REQUIREMENTS 

Zoning Requh·ement 

Cass County does not require a conditional use permit. The site is located in Howes 
Township, there are no regulations that are shown on the ND Department of Health 
website. 
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SECTION 7: WATER QUALITY INFORMATION 

A. Well Water Quality Analysis 

There is currently no active well on the proposed site. The primary source of water will 
be well water, which will require a well to be drilled on site. When a well is completed, 
the well logs will be supplied to the Department of Health along with the proper 
permitting conducted with the Water Commission. 

B. Surface Water Analysis 

There is no surface water on site and there is no glacial till aquifer under the facility. The 
closest documented aquifer is located approximately 7 miles to the west and is called the 
Tower City aquifer. The facility is located 4 miles from the Maple River and over 2 miles 
from an unnamed tributary to the Maple River. 

C. Analysis of livestock waste or runoff 

This is a total confinement new facility, therefore, no analysis of the livestock waste or 
runoff has been conducted. 
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SECTION 8: Geologic/Hydraulic or Soils Information 

A. Well logs for wells at the facility 

There is currently no active well on the proposed site. The primary source of water will 

be well water, which will require a well to be drilled on site. When a well is completed, 

the well logs will be supplied to the Department of Health along with the proper 

permitting conducted with the Water Commission. 

B. Geologic, ground or surface water studies 

The geology was documented in a Geology report conducted by Robert Klausing of the 

U.S. Geological Survey, US Department of the Interior. The study states that Cass 

County is located in the Drift Prairie physiographic province, the rest is in the Red River 

Valley (Lake Agassiz basin. The major stratigraphic units are, in ascending order: 

crystalline rocks of Precambrian age, Winnipeg Formation of Ordovician age, and Dakota 

Sand stone, Graneros Shale, and Greenhorn Formation of Cretaceous age. No Indurated 

rocks younger than the Green horn are known to be present in the county. 

Pleistocene glacial drift covers the entire county. The known thickness of the drift, 

including the Lake Agassiz deposits, ranges from 132 to 447 feet. All the surficial 

features of the county are late Pleistocene in age. Drift, probably deposited by more than 

one ice sheet, is present in the subsurface, but older drift can be differentiated in only a 

few places. Local zones of oxidized till, extensive bodies of buried outwash, and buried 

lake clays are valid indications of older drift in the subsurface. The major surficial 

features in the county are the ice-marginal drainage channels and the channel of the 

proglacial Maple River. Minor features include kames, eskers, terraces in the proglacial 

Maple River channel, ground moraine, and local recessional features referred to as 

washboard moraines. The trends of the wash - board moraines show, at least in part, the 

configuration of the ice margin at the time they were formed. 
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A ground water study was conducted by Robert Klasing of the U.S. Geological Survey in 

1979. Ground water in Cass County is obtainable from sand and gravel deposits 

associated with the glacial drift and from sand and (or) sandstone beds in the Dakota 

Sandstone. Six major drift aquifers are identified and described. These are, the Fargo, 

West Fargo, Page, Tower City, Bantel, and Sheyenne Delta aquifers. The West Fargo 

aquifer is the most permeable and productive and will yield as much as 1,300 gallons per 

minute to individual wells. Heavy pumping from the West Fargo aquifer has caused the 

water levels to decline as much as 85 feet since 1938. During 1965, water levels declined 

more than 2.5 feet at West Fargo and more than 0.5 foot in areas 20 miles away. The 

declines will continue as long as withdrawals exceed recharge. The closest aquifer is the 

Tower City aquifer. The facility is approximately 7 miles to the east of the Tower City 

aquifer. 

C. Personal Observation 

The facility location is a fairly well drained area with no wells on site. The land is used as 

crop land and it appears that the soil types on the top are a sandy lean clay. However, 

since this is a deep pit, it should work well for construction. 

D. Geologic Investigation 

The USDA Soil Survey predicts that the soil in the location of the storage structures is a 

Hamerly-Tonka Complex (GlOOA), 0-3% slopes, Hamerly-Wyard loams (GIOIA), 0-3% 

slopes, Barnes-Svea loams (GI43B), 3-6% slopes, and Barnes-Buse loams, 3-6% loams. 

The Hamerly soils consist of loam from 0-79 inches. The Tonka soils consist of silt loam 

from 0 - 13 inches, loam from 13-I9 inches, silty clay loam from I9-34 inches, clay loam 

from 34-50 inches and loam from 50-79 inches. The Wyard soils consist ofloam from 0-

79 inches. The Barnes soils consist of loam from 0-79 inches. The Svea soils consist of 

loam from 0-79 inches. The Buse soils also consist of loam but from 0-60 inches. The 
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map indicates that the Hamerly-Tonka Complex to have the largest coverage of the site. 

A geologic investigation was conducted by Material Testing Services on June 4, 2015. 

Seven (7) total borings were drilled, five (5) to 23.5' and two (2) to 18.5'. Bore hole #1 is 

located in the NW part of the site beside finish (isolation) barn location. Bore hole #2, 

bore hole #3, and bore hole #4 are located at the gestation barn location. Bore Hole #5 is 

located on an open space on the site. Bore Hole #6 is located at the farrowing barn 

location and bore hole# 7 is located on the south side of the site where the road is 

located. 

The soil logs for the bore holes are summarized in the following table: 

Boring surface Bore SOilType Soil Type Soil Type Soil Type 

Number fJevation Depth 0-0.5 ft 0.5-9ft 9-12ft 12-23.5 ft 

1148.4' 23.5' Organic Lean Clay (Ol) Sandy Lean Clay (CL) Silty Sand (SM) Sandy Silt (ML) 

Boring Surface Bore SOilType Soil Type Soil Type Soil Type Soil Type SoilType 

Number Elevation Depth 0-1 ft 1-2 ft 2-3 ft 3-12 ft 12-14 ft 14-15 ft 

1145.8' 23.5' Organic Lean Clay (OL) Sandy Lean Clay (CL) Silt(ML) Sandy Lean Clay (CL) Sandy Lean Oay (CL) Sand with Gravel (SP) 

Boring surface Bore SOilType Soil Type Soil Type Soil Type Soil Type 
Number Elevation Depth C>-0.7ft 0.7-9ft 9-12 ft 12-18 ft 18-23.5 ft 

1145.5' 23.5' Organic lean Clay (OL) Sandy Lean Clay (CL) Clayey Sand (SC) Sandy Lean Clay (CL) Sandy Silt (ML) 

Boring Surface Bore SoilType Soil Type Soil Type 

Number Elevation Depth C>-0.5ft 0.5·12 ft 12-18.5 ft 
4 1143.8' 18.5' Organic Lean Clay (OL) Sandy Lean Clay (CL) Silty Sand (SM) 

Boring surface Bore SoilType Soil Type Soil Type Soil Type Soil Type SoilType 

Number Elevation Depth C>-0.7 ft 0.7-2.0ft 2-4 ft 4-9ft 9-Uft 12-18ft 

Soil Type 

15·23.5 ft 
Silt(ML) 

SoilType 

18-23.5 ft 
5 1146.0' 23.5' Organic Lean Clay (Ol) Sandy Lean Clay (CL) Clayey Sand (SC) Sandy Silt (ML) Sandy Lean Clay (CL) Silty Sand (SM) Silty Sand (SM) 

Boring surface Bore Soil Type Soil Type Soil Type 
Number Elevation Depth 0-0.Sft 0.5-7ft 7-23.5 ft 

1146.2' 23.5' Organic Lean Clay (Ol) Sandy Lean Clay (CL) Sandy Lean Clay (CL) 

Boring Surface Bore SOilType Soil Type Soil Type Soil Type Soil Type 
Number Elevation Depth 0-0.5 ft 0.5-11 ft 11-14 ft 14-16ft 16-18.5 ft 

1145.0' 18.5' Organic Lean Clay (OL) Sandy Lean Clay (CL) Sandy Lean Clay (CL) Silty Sand (SM) Silt(ML) 

Each boring location was investigated for depth of water. The following chart defines the 
water elevations in relation to the topographical elevations. 
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Boring Surface Bore Water Water Static Water Static Water 
Number Elevation Depth Depth Elevation Depth Elevation 

1 1148.4' 23.5' 9.3' 1139.1' 5.5' 1142.9' 
2 1145.8' 23.5' 10.5' 1135.3' 4.7' 1141.1' 
3 1145.5' 23.5' NM NM NM NM 

4 1143.8' 18.5' 9.3' 1134.5' N/A N/A 
5 1146.0' 23.5' 9.0' 1137.0' 4.5' 1141.5' 
6 1146.2' 23.5' 9.8' 1136.4' 7.6' 1138.6' 
7 1145.0' 18.5' 9.4' 1135.6' 6' 1139.0' 

The planned subgrade elevation for the deep pits in the gestation and isolation barns are 
1,138.8 ft. The planned subgrade elevation for the farrowing barn is 1,148.6 ft. Based 
off the separation distance to potential water, drain tile is planned underneath both the 
gestation and isolation barns. 
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•• Facebook 
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n d g 0 V Official Portal for 
North Dakota State Government 

Map and Data Resources: Search Form: Search Results: Site Information 

139-054-03 D 

Data Source ND State Water Commission Well Index 

County Cass Date Drilled 

Aquifer Undefined Purpose 

Basin Maple River Casing Type 

MP Elevation (ft) 0.00 Diameter (in.) 

Surface Elev. (ft) 1, 125.00 Screened Interval (ft) 

Elevation Source Topographic Map (NVGD29) Coord (Long,Lat) 
{Datum) 

Total Depth (ft) 0.00 USGS ID 

Bedrock Depth (ft) 0.00 

Llthologlc Log 

Interval {ft) Unit Description 

0-2 TOPSOIL Black 

2. 12 CLAY Sandy, brown 
12. 22 CLAY Sandy, blue 

22. 31 CLAY Sandy with small lens of fine sand 

31. 32 SAND Fine, colored 

32. 55 CLAY Sandy, blue 

55 - 57 SAND Very dirty, gray 

57- 95 CLAY Soft sandy 

95. 142 CLAY Sandy, very soft, blue 

34117 

04104119n 

Test Hole 

0.0 

0-0 

-97.47707, 46.87946 

[NO Water Levels Available] [NO Water Chemistry Available] 
[Return to Site Selection! 

• Recorder Data will not be plotted in the Hyd rograph because of the volume of data involved! 

~ North Dakota State Water Commission 
.~ 900 East Boulevard Ave. • Bismarck, ND • 58505-0850 • 701-328-2750 

http://www.swc.nd.gov/4dlink214dcgi/GetWeflWeb/Map%20and%20Data%20Resources/35233-53.33310 1/1 
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ND State Water Commission 

n d go V Official Portal for 
North Dakota State Government 

Map and Data Resources : Search Form : Search Results : Site Information 

139-054-03 c 
Data Source ND State Water Commission WeU Index 

County Cass Date Drilled 

Aquifer Undefined Purpose 

Basin Maple River Casing Type 

MP Elevation (ft) 0.00 Diameter (in. J 
Surface Elev. (ft) 1, 130.00 Screened Interval (ft) 

Elevation Source Topographic Map (NVGD29) Coord (Long, Lat) 
(Datum) 

Total Depth (ft) 157.00 USGSID 

Bed rock Depth (ft) 0.00 

Llthologlc Log 

Interval (ft) Unit Description 

0-2 TOPSOIL Black 

2-4 SAND Brown 

34118 
04/05/1977 

Test Hole 

0.0 

0-0 

-97.48766, 46.87943 

4- 20 CLAY Sandy, with small lenses sand and gravel, brown 

20- 22 

22 - 22 

22 - 27 

27- 29 

29- 76 

76- 84 

84· 94 

94- 157 

CLAY Sandy, blue 

SAND Gray 

CLAY Sandy, blue 

SAND Gray 

CLAY Sandy, blue 

SAND Drilled poor, fine dirty, gray 

CLAY With lenses small fine sand 

CLAY Sandy, soft, blue 

[NO Water Levels Available] [NO Water Chemistry Available] 
[Return to Site Selection! 

• Recorder Data will not be plotted in the Hydrograph because of the volume of data involved I 

~ North Dakota State Water Commission 
.~ 900 Ea.st Boulevard Ave. • Bismarck, ND • 58505-0850 • 701-328-2750 

http://www.swc.nd.gov/4dlink2/4dcgi/GetWellWeb/Map%2Qand%20Data%20Resources/35233-53.33311 1/1 
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M~te:rh:i~ .. Testing Services, .LLC 

July 21, 2015 

· Attn: rvir. Nathan Pesta 
~eHaarrGrabs 8t Associates 
po Box s22 
Mandan, ND 58S54 

ref: Soil Boring Lo.gs 
Rolling Green ·sow Farrri 
Near Buffalo, North Dakota 
~<iboratory Nun:iber GlS-0.52 

·Dear Mr. Pesfa: · 
.-:--· . 

, ' 

. Enclosed a~e the logs ofthe soil borings thafwe rec~nt!y co:nducted forthe referehced project. The 
work·was conducted in general accordance with our proposal. Please contact us if you wou'ld like 
·laboratory tests conducted on t~e sam.ples.obtalned from th.e borings~ 

The soil samples will be stored at the laboratory for.a period of fourteen days·from the date ofthis . · 
report. The samples. will then be discqrded unless we are re'ql!ested to s.tore them fora longer period of 
time, 

Please call if you have .any questions or comments concerning thi? report. 

Sincerely, 
MATERIAL TESTING SERVICES, LLC 

(:ff/~~ 
Rusten R.L Roteliuk 
Geotechnical Engineer 

P.O. Box 63:4 
MinQt, North Dako~a 58702 

701-852-$553 . 

;, 

P.O. Box 1093 
Willi!?ton, North o~kota ss~o2 

-· 701-572,-4226 . 
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Boring North East Elev. Depth 

1 0 100 1148.4 23.S SOIL PROFILE DIAGRAM 
2 D 200 1145.8 23.5 

0 300 1145.5 23.S 
0 400 1143.8 18.5 

3 Material Testing Services, LLC 
4 

0 500 1146.0 23.5 
0 600 1146.2 23.5 

5 Rolling Green Sow Farm 
6 
7 0 700 1145.0 18.5 Buffa!ow, North Dakota 

PROJECT# DATE PLATE 

GlS-052 Ju[ 15 
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• 
MATERIAL TESTING SERVICES, LLC BORING NUMBER 1 SHEET 1 OF 1 

Box 634 PROJECT Rolling Green Sow Farm 
Minot, North Dakota 58702 

PROJECT LOCATION Buffalow, North Dakota (701) 852-5553 
PROJECT NUMBER Gl5-052 

SOIL BORING RECORD START DATE 614115 FINISH DATE 6/4/15 

~ SAMPLE 'rEST RESULTS 
;::~ 0 --....~ 

0 
E~ ~ E-<~ t4 

C/) &: ti! dP ~ tl.i 
u ·H ~ 

0 ~ w o::...:i ~~ o~ Udl' ll-l ~~ E-< iLl z ll-l 0 ...... OE-< H H- Ql SOIL DESCRIPTION H 
~~ GEOLOGY 0 ~~ E-< t4 p.. ti! .0 

,.:i C/) E-< z Oi;... {/) E-< 0. 
~~ 0 w p.. >-< (.!) :;: ~ :i ,'j C/) i:.:l OIH <'CH 

~ HJ:il E-< rz:I HE-< H;:,: 
Ed~ pq > 14 ~ oz :::i >< ~ rz:I 0 Q z ::;:o HH ex ~,..:i >< u H 14 

,..:i r.,:i Cf.) 

0 o.s ~l!U!Soil, Org;anic iean Clay, dark brown to f ~ - 1148.4 Toosoil SB 

x 
6 

1147. 9 black, moist, (OL) 

Sandy Lean Clay, grayish brown, a trace of Glacial Till 

gravel, light gray and rust colored mottles, wet, '--
SB 

x 
5 

soft, (CL) 

,__ 
SB e 

1143.l- IX .!: 
- ,___ 

- -SB x 45 

-
9.0 '--

1139. 4 ~iffy Sand, reddish brown, fine grained, .. 
Carlile Formation 5Z -

waterbearing, dense, (SMO -:~1138~t 
SB x 45 

-
12.0 

-1136.4 Sandy Silt, gray, reddish brown laminations, SB x 55 

lenses of fine sand, wet, very hard, (ML) 

-

'--

hrn~l 
SB x 46 

-

-

-
-

-
ll28 :4° -

SB x 48 

'--

-SB 

IX 
39 

23.5 

112-4. 9 End of Boring 

NM= None Measurable 

cw SAMPLED .CASING CAVE-:rn DRILLING WATER DRILLBR 

"" "' PBPTH MUD Ll!VRL LEVEL 

I 
PATE TIMB .DEPTH DEPTH 

MBTllOD 4"FA § 17.0. 9.3 6/4/15 1515 23.5 
LOGGER MT ;:.: 6/4/15 23.S lS.5 5.5 

~ 
1730 

RB\7IEWER RR 

DRILL RIG CME45 
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MATERIAL TESTING SERVICES, LLC BORING NUMBER 2 SHEET 1 OF 1 
Box 634 PROJECT Rolling Green Sow Farm 

Minot, North Dakota 58702 
PROJECT LOCATION Buffalow, North Dakota (701) 852-5553 
PROJECT NU1vIBER GlS-052 

SOIL BORING RECORD START DATE 6/4/15 FINISH DATE 6/4/15 

~ Sl\MPLE TEST RESULTS 
...... E-i t!) '- -0:: .... 0 

~ f;:: E-< - ,..:i ~ 
~ 

P-< H - ~ 
rJl E-i i:il dP 

c,dP UdP MZ u E-< Q 4-1 i:.l .... 0:: ,..:i ci:;- H- 4-1 
00 SOIL DESCRIPTION H 

~~ GEOLOGY w :z () D ' i:ili:il DE-< H~ E-i fl) 
H H 0., ;.; 0.. ,..:i CJ) 

~ f;; E-<Z OE-< Cl) E-< 0.. 
i:r; E-i 0 iil 0., >< t!) - ~ 5 rJli:il OIH F'i! H 

~ 

~~ Ill H i:il E-< r..i ~,_:i Hf-.! H::.; ,..:i:;o: 
:::<: w Ci ,..:i Cl H oz '"""H l°l<H ::l .:a i:.:i :>-i z i:o :EO H ,_:i ()! 

...:i ...:i U) u 
i:.:i 0 

ToRsoil, Organic Lean Clay, dark brown to ..... - 145. a Topsoil SB 

I~ 
5 

1.0 black, moist, (OL) \.... -'----
ll4.4. 8 

Sandy Lean Clay, grayish brown, a trace of Glacial Till 
2 . .E_ 

~gravel, light gray and rust colored mottles, weJ 1--

1143. 8 SS 

IX 
7 

3 .Jl 
soft, (CL) 

ll42.8 '\snt grayish brown, wet, soft, (ML) -/ 

Sandy Lean Clay, grayish brown, a trace of -
SB 6 

gravel, light gray and rust colored mottles, wet, 

x 
~ 

soft to firm, (CL) 5 
ll40.8 

-

-
SB 

x 
15 

~ 

- 14 10 SB x 1135.8 
'St 

- -
l2.0 

-· .__ 
62 1133. 8 Sandy Lean Clay, gray, a trace of gravel, SB 

IX wet, very hard, (CL) 

l4 .o -
1131.B Sand with.Gravel, brown, fine to coarse . ·: .. Coarse Alluvium .. ,..._ 

15.0 grained, waterbearing, (SP) 
... SB 

x 
65 15 --

1130. 0 
1130.0 Carlile Fonnation fil!t gray, wet, very hard, (ML) 

'-

-
l.l2S.2~ -

SB 

IX 
64 

- -

- - 38 SB x -23.S 

112:2. 3 End ofBoring 

NM= None Measurable 

cw SllMPLl!D CASING CAVE-IN DRILLillG WATER 
DRILLBR Ill MUD LBVBL LEVEL 1-l 

i 
!lATB TIMB PEPT!I PEP TH DEPTH 

METHOD 4" FA ~ 
f:'l 6/4/lS 1605 23.S 15.5 10.S 

LOGGER MT 

! 6/4/15 23.5 13.7 4.7 1730 
REVIEWER RR 

DRILL RIG CME45 
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MATERIAL TESTING SERVICES, LLC BORING NUMBER 3 SHEET 1 OF 1 
Box 634 PROJECT Rolling Green Sow Farm 

Minot, North Dakota 58702 
PROJECT LOCATION Buffalow, North Dakota (701) 852-5553 
PROJECT NUMBER GlS-052 

SOIL BORING RECORD START DATE 614115 FrNISHDATE 6/4/15 

~ SAMPLE TES'!' RESULTS 
'E-< (9 ,_ 
::a i::.. 0 ~ t; E-< ~ ....:! - ~ {/) E-< µi dP ~ P.i 

{) 
H - Cl ~ 

Ci! "" a:~ odP {)ci\O 'H f:5 i5 E-< <1--l ex; H H~ SOIL DESCRIPTION H ,q; ::t1 GEOLOGY l'z.1 z u :::> ' ~H~ 
DE-< H~ £-1 

(/J 
H ...:i :::> E-< 0.. l'z.1 0.. 

...:i· U) l.'-<Z OE-< U) E-< 0.. 
p:; E-< 0 l'z.1 0.. >< Cl ~ ~ .«!l'z.1 ti) !"ii ()lH .:i:H 
i:.l ~ ~ fj ~ E-< l'z.1 0 :;: .... 1 HE-< H:;:: ...:!::<: H ,...:i oz ::i ~ i:il Cl z i'.ll :.::o ,_:iH 0..H ()I >t 

{) H 1..'.I HH (f) 
i:.l 0 
0.7 To(!soil, Organic Lean Clay. dark brown to '-- _ 1145.S Topsoil SB 

x 
6 

- [\black, moist, (OL) r -1144. 8 

Sandy Lean Clay, grayish brown, a trace of Glacial Till 

gravel, light gray and rust colored mottles, wet, - ;..._ 

SB 9 
soft to fum, (CL) 

x -

- ;..._ 

SB 

~ 
9 

h.140. s5 
'--

f--
SB 

IX 
ll 

9.0 --
1136.S Clayey Sand, brown, a trace of gravel, wet, ~ ~ 

hard,(SC) ~ 10 
SB 

~ 
18 

~ 1135.S 

~ 
L..-. 

12.0 
~ 

1133,S Sandy Lean Clay, gray, a trace of gravel, SB x 13 

wet, firm to hard, (CL) 
~ .. 

L..-. 

f--

15 -
1130. 5 

SB 

:x 
26 

- L..-. 

-
18.0 

1127.5 Sandy Silt, gray, reddish brown laminations, Carlile Formation 
lenses of fine sand, wet, very hard, (ML) 

~ 

20 SB 

IX 
34 

1125.5 

~ 

,___ 
54 SB 

~ 23.S 

1122.0 End of Boring 

NM= None Measurable 

CW SAMJ?LBD CASING CAVE-IN DRILLING WATER DRILLER 

"' 
<I) 

DEPTH Jo!UO Ll!VBL LBVEL 

i 
DATB TIME DEPTR DEPTH 

METHOD 4"FA 5 21.8 NM 6/4/15 1650 23.S 
LOGGER MT 

Pi 

REVIEWER RR ~ 
DRILL RIG CME45 --
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• 
MATERIAL TESTING SERVICES, LLC BORING NUMBER 4 SHEET 1 OF 1 

Box 634 PROJECT Rolling Green Sow Farm 
Minot, North Dakota 58702 

PROJECT LOCATION Buffalow, North Dakota (701) 852~5553 
PROJECT NUMBER GlS-052 

SOIL BORING RECORD START DATE 6/4/15 FINISH DATE 6/4/15 

~ SAMPLE TEST RESULTS 

£t (.!) -....~ 
0 z E-< E-< ~ ,..:i 0 (:., U) t: ~~ 

~ 

C4 H ~ ~ adP U<ll' ~ 

~5 u E-1 Cl ..... ri! o:;,_:i H~ '1-l 
SOIL DESCRIPTION H ,:( 0:: GEOLOGY ri! z u :::> ....... l'.ill'.il or;-. H~ E-< Ill 

H ...:I :> E-< A< !ii Cl. ...:!· U) 
E-1 > E-IZ OH Ul E-1 0., 

tZ ['-< 0 l'.il 0., :>< (.!) 
~ 

:;;:: 
F'l:i:.:l U) l'.il ()IH "1'.;H 

~ 

~~ t:Q ...:i lil E--t ri! 0 :.:..:i Hf; H::.; ...:i::E: ,..:i ,_:i oz ::l 2:: i:,;i Q Q z r:Q :>:o ,_:iH Cl.!H a ..:: l'.il >< ,..:i ,..:i ,.:i,..:i <fl u 
l'.il 0 
o.s t\ Topsoil, Qrganic Lean Clay, dark brown to / ,_ _ "l.143. a Tonsoil SB 4 - !x 1143 I 3 black, moist, (OL) -

Sandy Lean Clay, grayish brown, a trace of Glacial Till 

gravel, light gray and rust colored mottles, mois '"--
SB 

x 
6 

to wet, soft to har~, (CL) 

-
SB 8 

... s 
113S,e x 

-
-

SB 

x 
10 

-

.¥'. -
n.133 .1t 

SB y 1? 

-
12.0 - 38 n31.a Silty Sand, grayish brown, fine to medium Carlile Fonnation SB :x grained, waterbearing, dense, (SM) 

~ 

'• 

,_ 
45 . 15 SB 

Ix .. h128.8 

.. ,__ 

. . 

18. 5 

ll.25.3 End of Boring 

-
NM= None Measurable SB 

x 
32 

~ 

CW SAMPLED CASJ:NG CAVE-IN DRILL:!: NG WATER 
DRILLER 

o.l "' l)BPTH MUD LBVBL LEVEL 
~ l)ATB TI!oll! DEFTH DEPTll 

MBTI!OD 4"FA § 

I 
13.0 9.3 6/4/15 1725 16,5 

LOGGER MT 
~ 

RRVIEWSR. RR ti 
DRILL RIG CME4S 
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MATERIAL TESTING SERVICES, LLC BORING NUMBER 5 SHEET l OF 1 
Box 634 PROJECT Rolling Green Sow Farm 

Minot, North Dakota 58702 
PROJECT LOCATION Buffalow, North Dakota (701) 852-5553 
PROJECT NUMBER G15-052 

SOIL BORING RECORD START DATE 614115 FINlSHDATE 6/4/15 

~ SAMPLE TEST RESULTS ....... E-< (.!) -.....~ ::r: .... 0 z !.'-< E-< ~ ...:I o~ ~ 

~ tr.I E-< Pi! o\O ~ !'.); H ~ 
Cl 

~ t.:J "" iZ~ odP Uo\<> 4-! f:: ~ u E-< 'H IZ..:l H-
SOIL DESCRIPTION H ~ ::r: GEOLOGY 

..., z 0 
p ...... 

~g; 
::J E-< H-

E-1 Cl) 
H ...:! P-1 r.Ll ,..:i tr.I E-<Z 8e-i 0. 

ex:; E-1 0 :> E-< >< (,'.) 0. :;: s: U) Pi! tr.IE-< ~ Pi! 0., 
E-< t.:J - 0 ~!ii HE-< HH ,:i:H 

~ .:;: ~ H !ii ..:! ...:I :s't-4 
~5 ....:i:Z ,..:i~ :::! l:i! Cl 0 z P'.l H tl.H 0 r.:i: Pi! ,..:i t-4 

,_:i ci tr.I u 
0 

To(!soil, Organic Lean Clay, dark brown to ,__ - 1146. 0 Topsoil SB a 0.7 

IX 
- ~bfaok, mo;., (OL) 'I 1145 .3 

Sandy Lean Clay, grayish brown, a trace of Fine Alluvium 
2.0 

- ~gravel, light gray and rust colored mottles, moJ ~ ...__ 
1144 .o SB s 

soft, (CL) .;z x .~ ... '": Clavey Sand, grayish brown, a trace of ·%'. 
4 .o 

- gravel, wet, soft, (SC) · -ll42 .o SB 11 !'. Sandy Silt, grayish brown, laminations of 

x sand and lean clay, wet, finn, (ML) 5 
1141.0 

-

-
SB x 10 

9.0 
~ 

.s.z 
l137. 0 Sandy Lean Clay, grayish brown, a trace of Glacial Till -

gravel, wet, hard, (CL) 
l":ll36 •

1g SB :x 16 

~ 

12.0 
f--

1134. 0 Silty Sand, grayish brown, fine grained, Carlile Fonnation SD 

x 34 

waterbearing, dense, (SM) 
~ 

1--

h.131 :a' 
SB 

IX 
70 

- -· .. 

-

18.0 
-

1128.0 Silty Sand, gray, fine grained, waterbearing, 
mediurp d_ense to dense, (SM) -
End of Boring 

~ 

24 
h.126 ~g 

SB 

!x NM =None Measurable 
- ~ 

- 32 SB 

1X 
:23 .o -

1123.0 

cw SAMPLl!D CASING CAVE-IN DRULING WATER DRILLBR 

~ ..:I DATll TIM.I! DEPTH Pli:PTH DEPTH MOD LBVBL LEVEL 
MSTllOD 4"FA ~ I 6/4/15 14.15 23.5 16.S 9.0 
LOGGER MT ..: 6/4/lS 1730 23.S 9.0 4.5 
REVIEWER RR ~ i 
DRILL RIG CME45 
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- ·~ 

MATERIAL TESTING SERVICES, LLC BORTNG NUMBER 6 SHEET l OF l 
Box 634 PROJECT Rolling Green Sow Farm 

Minot, North Dakota 58702 
PROJECT LOCATION Buffalow, North Dakota (701) 852-5553 
PROJECT NUMBER GlS-052 

SOIL BORING RECORD START DATE 6/4/15 FINISH DATE 6/4/15 

~ SAMPLE TEST RESULTS 
....... E-< (.!) '-~ 
::i:: ri.. 0 z E-< 

~ E-<~ ....:! 
0 "' C/l E-< l'.il ""' 

~ 

°' H ~ 
0 ~ l'.il ri.. ~..:! 

i:i::~ oo'I' UolO ~ ~5 u E-< 4-l H~ 

SOIL DESCRIPTION H ..:: ::r: GEOLOGY Ci! :z (.) 
p '- rill'.il p E-< H~ 

E-< 
(/) 

H ,..:i :> E-< p., l'.il A< ~ 
ti) 

E-< :> E-< z §E-! Ul E-< A< 
>< (.!) ~ (/) Pi) ~ p:: E-< 0 !'.ii 11< ~ 

~~ HH .0::H ril <>:: j:Q ..:! ril E-< fil 0 HE-< 
,..:t 2: ...:i:a: ,..:i ,..:i 

~8 ::l ;:.... :> :a: ril Q 0 z co H 11.H 0 i<t: l'.il >< ,.:i ...:! ,_:i,..::i C/l u 
l'.il 0 
0.5 \Topsoil, Organic Lean Clay, dark brown to { - 1146.2 Toosoil SB 

x 
5 -ll45. 7 black, moist, (OL) 

Sandy Lean Clay, brown to grayiSh brown, a Glacial Till 

trace of gravel, light gray and rust colored - -SB lO 
mottles, wet, soft to finn, (CL) 

x 
,__ 

SB 14 

s 
~1141.2 x 

,__ 

?.0 
~ 

ll39 .2 Sandy Lean Clay, gray, a trace of gravel! SB :x 13 
l'. 

wet, soft to very hard, (CL) 

'""-

·- 'SJ, 10 SB x 8 
ll36.2 

'"-

-SB x 23 

·-
,_ 

15 SB 

1x 
32 

1131. 2 

- ,__ 

-

-
-

.... 1126 ~f 
SB 

x 
28 

.'\ 
~ 

,_ 
SB 

ix 
31 

23.5 

1122. 7 End of Boring 

NM= None Measurable 

S11Ml'LBD CASING CAVIi-Ii< DRILLING WATER DRILLER cw 
..'! II> DEPTH DBPTll MUD Ll!VEL LEVEL 8 01'.Tll TIME DEPTH 

4"FA f:,1 :z: METHOD 
~ I 6/4/15 l330 23.5 J.6',0 9.6 

LOGGBR MT pi: 6/4/J.5 1730 23.5 13.8 7.6 l<l 

j RBVISWBR RR ~ 
DRILL RrG CME45 
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• 
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Rolling Green Family Fann RE, LLP 
Cass County, ND 

Revised December 2, 2015 

SECTION 9A: OPERATION & MAINTENANCE GUIDELINE 

The owner acknowledges responsibility for the proper operation and maintenance of the animal 

waste management system. Although the design is based on the best available technical 

knowledge, it must be recognized that any system creates some risks, and therefore needs to be 

properly operated and maintained, including periodic inspection. In addition, maximum 

efficiency cannot be obtained unless the system is properly operated and maintained so that it 

will function safely in its intended manner. 

Recognizing this, this Manual has been prepared as a general guideline for operating and 

maintaining the system. This Manual is not inclusive of all of the provisions of the North Dakota 

Livestock Program Design Manual (NDLPDM), or Approval to Operate, therefore the owner 

should review the permit in its entirety. 

It is recommended that the following list be reviewed and be used as a checklist to ensure major 

elements of operation and maintenance are consistently being observed. 

I. General Considerations 

A Any discharge from the waste management system or land application sites must 

be reported as soon as possible, but no later than twenty-four hours after the 

discharge was discovered. The discharge must be reported to the State of North 

Dakota at (701) 328-5210, or (800) 472-2121 after normal business hours. 

B. All inspections should be documented on the forms included with this manual or 

other suitable forms. Documentation must be maintained on site and be made 

available to the Department of Health when requested. 

C. Travel of vehicles and livestock should be confined to designated areas to prevent 

erosion and enhance vegetation. 

D. Maintain grades around containment structures to assure positive surface drainage 

away from the structures in all directions. Fill any settled areas which may collect 

water. 

E. Any discovered damage to any facility component must be repaired as soon as 

possible to original specifications. 

F. Do not allow trees to grow adjacent to concrete storage tanks, to avoid root 

damage to the structures. 

G. Manage vegetation growth on and near facility components so that adequate 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Fann RE, LLP 
Cass County, ND 

component inspection is possible. 

Revised December 2, 2015 

H. Maintain the overall system (i.e. diversions, concrete tanks) to ensure that all 

contaminated runoff enters the containment structures. 

II. Waste Application Considerations 

A Land application must be planned and carried out of concrete storage tank levels 

from rising above the maximum operating elevation. In the event that this level is 

exceeded, the producer has 14 days to restore the tank to a level at or below the 

maximum operating elevation as required by the NDLPDM. 

B. Whenever possible, apply downwind from any residences. Avoid applying on 

calm, humid days, since these conditions restrict the dispersion and dilution of 

odors. Application on weekends or holidays, when people in the area are more 

likely to be outdoors, should also be avoided. 

C. Do not apply waste on snow or frozen ground unless unavoidable. Consult the 

NDLPDM for conditions that must be followed in these circumstances 

D. Do not apply waste material immediately after rain or within twelve hours of 

forecasted rain unless it can be immediately incorporated into the soil. 

E. The above ground piping shall be double lined by way of a protective sleeve when 

the piping passes through culverts that are for intermittent streams or larger water 

crossmgs. 

F. Where the above ground piping crosses under roads or railroad tracks the hose 

couplers shall remain visible at all times during pumping (no couplers in culverts). 

G. The above ground piping shall be monitored for leaks during pumping events. 

H. During land application on fields with surface tile inlets, the inlets shall be 

covered during the land application event. 

III. Inspection and Documentation 

Records shall be maintained for at least 5 years to document plan implementation. 

A Items to be Performed Daily 

I. Year Round 

a. Record any measurable precipitation 

b. Inspection of water lines, including drinking water or cooling water 

lines. 

2. During Periods of Land Application 

a. Record the days each field is applied to, as well as weather 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Fann RE, LLP 
Cass County, ND 

Revised December 2, 2015 

conditions including; temperature and wind speed and direction. 

b. Inspect and record the condition of the land application fields being 

used. 

c. Inspect and record the condition of all land application equipment 

being used. 

d. Inspect and record the condition of the concrete tank pumpout 

ports near the pump intake if pumping is taking place. 

e. Inspect and record the tile outlet for discharge of manure for field 5 

in the Nutrient Management Plan. 

f. Record the Field Setbacks that are observed such as manure shall 

not be applied any closer than a 100 feet to any down-gradient 

surface waters, open tile line intake structures, sinkholes, 

agricultural well heads or other conduits to surface waters. 

B. Items to be Performed Weekly 

The entire Waste Management System should be inspected weekly. This includes 

but is not limited to the following. 

1. Record the depth of water in all concrete storage tanks. 

2. Inspect pipes to ensure they are not plugged or damaged. Clean any 

significant sediment build up as soon as possible. 

3. Inspect concrete storage tank for signs ofleaking or seepage, excessive 

settling, excessive vegetation growth or damage due to vehicles or 

equipment, rodents or erosion. Report any leakage as detailed above and 

make plans to rectify any problems as soon as possible. 

4. Inspect fences and safety signs around facility, if applicable, to ensure they 

are present and in good condition. If necessary repair immediately. 

5. Record any livestock mortalities and how the carcasses were properly 

disposed of (i.e. rendering service receipt, location of burial, etc.) 

C. Items to be Performed Annually 

1. Conduct soil and manure nutrient testing as required by the Nutrient 

Management Plan. 

2. Prepare an annual Nutrient Management Plan based on current data. 

3. Prepare and submit a report to the Department of Health as referenced in 

NDSU Ext Pub NM-1306. 

IV. Items pertaining to the control of odors, flies and other nuisances 

A As much as is reasonable, standing water and wet pen conditions shall be 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Fann RE, LLP 
Cass County, ND 

prevented or eliminated by routine pen maintenance. 

B. Mortalities shall be promptly disposed of using composting. 

Revised October 30, 2015 

C. Feed storage areas will be managed to as much as possible prevent spoilage of 

feed. When spoilage does occur, is shall promptly cleaned up and disposed of 

properly (i.e. field applied, dried and stockpiled, buried, etc.). 

D. If insects become problematic, a pesticide program will be undertaken for control. 

V. Record Keeping 

A. The following items should be kept on site at all times. 

1. Copy of the approved No11h Dakota Department of Health Ap,proyal to 

Operate. 

2. Copy of current nutrient management plan. 

B. The following items should be kept on site for a period of 5 years from the date 

they are created. 

1. Inspection reports from all inspections listed above. 

2. Soil and manure nutrient test results. 

3. Calculations of allowable manure application rates and actual rates 

applied. 

4. Documentation of any action taken to correct deficiencies required. 

5. Documentation of any discharge, steps taken to minimize it and the 

estimated volume discharged. 

I have reviewed the above Operation and Maintenance Manual for my Waste Management 

System and agree to provide the necessary resources to properly implement its provisions. 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Fmnily Fann RE, LLP 
Cass County, ND 

SECTION 9B: CAFO INSPECTION SHEETS 

DeHaan, Grabs & Associates, LLC 

December 2, 2015 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

December 2, 2015 

SECTION 9C: ODOR CONTROL PLAN 

A. Site Selection and Evaluation 

1. Rolling Green Family Farms RE, LLP selected the facility based on its 
compliance with regulatory setback requirements. 

2. The nearest neighbor to the facility is over a mile to the buildings and the waste 
storage facility. 

3. When determining the exact location of the facility, topography and predominant 
wind direction data were reviewed. 

B. Animal Confinement Areas 

Schedule of Activities 

Surfaces in the barn where dust and manure can collect and cause a 
potential for higher odor emissions. 

I) Personnel at the facility wash down the pens as needed. 
2) The manure on the slats that is not pushed down into the pits will 

be cleaned as needed. 
3) Pit plugs are pulled approximately one time every one-two weeks 

to reduce odors emanating from the barns. 

C. Carcass Disposal 

1. The removal of carcasses from the barns is done promptly at the time of 
discovery. 

a) The carcasses are disposed of in a timely manner. 
b) The carcasses will be disposed of as identified in the Waste Management 

Plan. 

2. The temporary carcass disposal area will be disinfected once per week and 
thoroughly cleaned twice annually. 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

December 2, 2015 

D. Concrete Storage Pits 

1. The concrete storage pits are covered and contained minimizing the potential for 
odor spreading from the waste storage area. 

2. The manure in the farrowing barn pits will be removed one to two weeks and 
additional water will be added to help clean and maintain odors. 

E. Land Application of Liquid Manure 

1. Careful scheduling of the land application activities will reduce the threat of odor 
emissions to residents near the facility. 

2. Days with low humidity are best for land application. 

b) Applications on holidays and weekends when people are most likely to be 
outdoors will be avoided when possible. 

3. The use of surface injection for land application as identified in the Waste 
Management Plan will assist in reducing the odors. 

F. Maintenance Procedures 

Maintenance on odor control equipment, such as ventilation fans, will be 
performed on an as needed basis. In addition, odor control equipment will be 
serviced per manufacturer's recommendations. 

G. Best Management Practices 

1. Regular flushing of manure storage pits, controlling feed loss to the manure pits 
and reducing the spillage of feed from inefficient or malfunctioning feeders will 
help reduce odor emissions. 

2. The ventilation systems were adopted on an individual farm basis to take the 
environmental conditions of the facility location into account. 

3. Rolling Green Family Farms RE will work in cooperation with the animal 
nutrition specialist to develop feed formulations that will maximize swine feed 
conversion and reduce the overall manure treatment system loading rate. 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Farms RE, LLP 
Cass County, JI{]) 

4. Vegetative barriers is proposed as part of the plan to reduce odor. 
H. On-Farm Odor Abatement Plan Amendments 

This plan may be amended as appropriate. 

DeHaan, Grabs & Associates, LLC 

December 2, 2015 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

August6, 2015 

SECTION 9D: EMERGENCY RESPONSE PLAN 

A. General 

A copy of this emergency response plan and any associated records and data will be 
maintained at the facility headquarters and will be readily accessible to the North Dakota 
Department of Health personnel. Any other versions of the plan and associated records 
and data from the previous five years will also be retained at this location. A copy of the 
current plan will be posted in a location where it is readily accessible to facility operators 
and emergency response personnel. 

B. Potential Pollutant Source: 

Discharge of solid waste or polluted runoff from confinement resulting from 
storm events in excess of the 25 year, 24 hour rainfall. 

Discharge of waste from spreading vehicles during loading and transfer operations 

C. Contingency Plan: 

Power Failure 
Response: Provide back-up power for stock water well pumps to ensure death to 
animals is minimal. For waste application, this is not required as portable pumps 
will be utilized. 

Excessive rainfall due to large storms or chronic wet periods. 
Response: Divert excessive runoff flows away from swine facility. Repair any 
breaks in the gradient diversion as soon as possible. Remove debris from storm 
water drainage ditches. 

Accidents. 
Response: Collect accidental material and apply according to the nutrient 
utilization plan. 

Water System leaks or pipeline breaks. 
Response: Shut off system immediately. Collect discharge material and apply 
according to the nutrient utilization plan. 

Failure of Components of the Livestock Waste Control Facility: 
Response: Repair any breaks or failures as soon as possible. Apply the waste 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

August 6, 2015 

material according to the nutrient utilization plan to reduce load on waste control 
facility as soon as possible. 

Important: Any discharges of manure or related wastes not covered by the nutrient 
utilization plan will be reported within two hours the discharge is first noticed to: 

Bai·ry Kerkae11 
Phone: (507) 215-0471 

And within twenty-four hours to: 

Department of Health 
Division of Environmental Quality 
918 East Divide Avenue, 4th Floor 
Bismarck, ND 58501-1947 

8:00 a.m. to 5:00 p.m. weekdays call (701) 328-5210, or evening, weekends, or holidays 
call (800) 472-2121. 

The operator will report any emergency, spill, accident discharge, overflow, or unplanned 
release associated with feedlot or other process waste to the Department within twenty 
four hours of discovery by telephone. A written report of the incident using the attached 
notification form will be submitted within seven days of the initial contact. 

D. Mitigation Measures 

A soil test will be taken in the area impacted by the spill or discharge. The test report will 
indicate the concentrations of nitrogen, phosphorus, pH, and total soluble salts. The area 
will be tilled and planed to a cover crop if constituent levels are such that vegetation can 
be established to stabilize the area. Otherwise, the impacts volume of soil will be 
excavated, spread over agricultural land, incorporated by tillage and planted to a suitable 
vegetation. The rate of spreading will be determined according to guidelines contained in 
the nutrient utilization plan. 

E. Plan Review 

The facility operators are responsible for implementation of the emergency response plan. 
The plan will be reviewed annually and amended as required. Amended plans will be 

submitted to Department of Health and Environment for approval. 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

August 6, 2015 

Emergency Response Report Form 

Facility Name:--------------------

Date of Spill : _________ Time Spill was Discove1·ed: _________ _ 

Name of Individual(s) Who Discovered the Spill: _______________ _ 

Who was Contacted and When? -----------------------

Give a description of the cause and source of the spill. Include what time the clean up 
process started and ended. Describe the flow and location of the spill. Give the estimated 
amount or volume that was associated with the spill. 

DeHaan, Grabs & Associates .• LLC 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

August 6, 2015 

Give a desc1iption of what corrective actions have been taken to contain, utilize or properly 
dispose of the manm·e, as well as the steps taken to prevent a future release. 

DeHaan, Grabs & Associates, LLC 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

1. Introduction 

Revised: December 2015 

This Nutrient Management Plan was developed for Rolling Green Family Farms 
RE, LLP. This facility is by Buffalo, ND (2 miles south on ND-38 from Buffalo, 
ND and 2 Yz miles east on 36th street). The site will located on the south side of 
36th Street. The facility is a confinement barn where they plan to have 800 
nursery pigs, 1600 finish pigs, 5312 gestating sows, and 1344 sows and litters. 
Animals are confined the whole year. This Nutrient Management Plan was 
developed as a joint effort between Pipestone Vet and DeHaan, Grabs & 
Associates, LLC. 

The total nutrients available for crop application ofN (153, 76llbs), available P20s 
(141,346), and total K20 (172,661) produced annually by the livestock was 
determined by DeHaan, Grabs & Associates, LLC using A WMFH from Tables 
4.5 to 4.9 and ASAE D384.2 Table 19. The manure will be collected through 
slotted floors in the confinement barn which will be applied to the fields via knife 
or sweep injection. The CNMP includes 3,280.4 acres of agricultural land which 
is available for manure application. Rolling Green Family Farms RE, LLP plans 
to rotate between com and beans with conventional tillage. All of the manure 
application sites are dryland. Plant uptake from the fields in an average com/bean 
rotation is calculated at 449,300 lbs ofN and 128,526 P20s respectively. 
Commercial fertilizer will need to be applied to meet the N requirements of the 
crops. It is important to remember that the rotation will be adjusted based off of 
market forces, weather, feed requirements, economic influences, etc. When 
calculating projected land base requirements and RUSLE 2 calculations, Cass 
County average yields x 110% was used unless the approved yield for the field 
was higher. When calculating annual nutrient application needs, actual yields on 
a per field basis will be used. 

2. Record Keeping. 
It is recommended that records be maintained for at least 5 years to document plan 
implementation and maintenance. As applicable, records include: 

1) Soil, plant tissue, water, manure, and organic by-products analyses 
resulting in recommendations for nutrient application. 

2) Quantities analyses and sources of nutrients applied on the forms in 
Section 1 O.F. 

3) Dates, methods of nutrient applications, source of nutrients, and 
rates of application. 

4) Weather conditions and soil moisture at the time of application; 
lapsed time to manure incorporation; rainfall or irrigation event, 

5) Crops planted, planting and harvest dates, yields, nutrient analyses 
of harvested biomass and crop residues removed. 

6) All enhanced efficiency fertilizer products used. 
7) Maps identifying the variable rate application source, timing, 

amount, and placement of all plant nutrients applied and 

DeHaan, Grabs & Associates, LLC 1 
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Rolling Green Family Fanns RE, LLP 
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8) GPS-based yield maps for crops where yields can be digitally 
collected. 

9) Prepare an annual Nutrient Management Plan based on current 
data. 

3. Soil Sampling. 
Nutrient planning recommendations should be based on current soil, manure, and 
tissue test results developed in accordance with NDSU recommendations. 
Current soil tests are those that are no older than 3 years. The soil and tissue tests 
must include analyses of pertinent to monitoring or amending the annual nutrient 
budget, e.g., pH, electrical conductivity (EC) and sodicity where salts are a 
concern, soil organic matter, phosphorus, potassium, or other nutrients and test for 
nitrogen where applicable. The sampling procedure shall be followed as shown in 
Section K. 

4. Manure Sampling. 
a. Manure samples in conjunction with soil samples, will be taken prior to 

land application to determine land application rate. 

b. Liquid and solid manure samples will be analyzed by a certified laboratory 
for, potassium, total nitrogen, ammonium-nitrogen and phosphorus and 
total solids. 

5. Nutrient Budget for Land Application. 
a. Nutrient loss due to volitization, evaporation, and crop uptake will be 

accounted for each time liquid manure is applied to the land application 
area. 

b. Planned nutrient application rates for nitrogen, phosphorus and potassium 
must not exceed the land-grant university guidelines or industry practice. 

6. Timing, Rate, and Frequency of Liquid and Solid Manure Applications. 
a. Timing and placement of all nutrients must correspond as closely as 

practical with plant nutrient uptake (utilization by crops), and consider 
nutrient source, cropping system limitations, soil properties, weather 
conditions, drainage system, soil biology, and nutrient risk assessment 
results. 

b. Nutrients shall not be applied to frozen, snow-covered or saturated soil, or 
when the top 2 inches of soil are saturated from rainfall or snow melt. 

Land applications will be conducted in the spring, summer and fall. 

d. Land application will be conducted in a manner which will prevent a 
discharge or drainage of manure to ground or surface waters of the State. 

e. Land application practices are managed so as to reduce or minimize 

DeHaan, Grabs & Associates, JLC 2 
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ponding or puddling of liquid manure on the site, contamination of ground 
or surface waters, and occurrence of nuisance conditions such as odors, 
flies, and rodents. 

f. Land application practices will minimize the possibility of contamination 
of surface and groundwaters of the State. 

7. Land Application of Liquid Manure 

a. The land application of the manure plans to be either knifed or sweeped 
directly into the ground. 

8. Amounts of Nitrogen Applied. 

a. Liquid and solid manure will typically be applied at agronomic rates for 
nitrogen, however, the phosphorus application will follow the North 
Dakota state phosphorous index risk assessment to ensure that the 
phosphorus levels are not becoming a risk to surface water pollution. 

Section 1 O.B. lists the crop requirements for nitrogen as defined by a 
Licensed Professional Engineer. 

b. Calculations for quantity of liquid manure that can be applied to 
agronomic rates to crop production land are performed by the staff soil 
scientist or contract professional. The maximum manure application rates 
can be seen in Section 10.B. The following land application formulas can 
be used for determining application rates or ones prepared by North 
Dakota State University Extension. 

1) Nitrogen Need (lb/ac) = 35 + (1.2 x EY) - (8 x N03 - N ppm) -
(0.14 x EY x OM) - other N credits 
where, EY =Expected yield (bu/acre). 

NQ3 - N ppm = average nitrate - nitrate concentration in the 
root zone. 
OM= percent organic matter. 
other N credits= nitrogen from legumes, manure and other 
organic waste products and irrigation water. 

2) Manure N content (lbs/ac-in) =((Total N ppm) x 0.2267)) x 0.4 
where, 0.4 =nitrogen loss coefficient. 

(The nitrogen loss coefficient may change with further 
improved research investigation.) 

c. Max. application (lbs/ac)/Manure N Content (lbs/ac-in) =Max. manure 
application (ac-in). 

DeHaan, Grabs & Associates, LLC 3 
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d. Acres for application x Max. manure application (ac-in) x 27154 =Max. 
pumping volume (gallons). 

e. The spreadsheet log for land application can be utilized for land 
application calculations. 

9. Management Considerations for Nitrogen 

Groundwater Concerns 

The groundwater concern comes primary from nitrogen. If not captured by plant roots it 
can move down below the root zone and may enter the groundwater. The speed at which 
nitrate moves depends on the amount of precipitation received, soil texture and the 
amount of organic matter in the soil. Water moves through sandy soil much more rapidly 
than a clay soil. 

Because nitrate moves through the soil with water, it is extremely important that the rate 
applied, either as manure or fertilizer, does not exceed that which can be used by the 
crops. Any nitrate remaining in the soil profile at the end of the season is subject to 
leaching. 

Nitrogen Best Management Practices to Conserve N 

• Match Manure Nutrient applications to crop needs. 

• Apply manure as close to the time of crop utilization as possible. Apply 
commercial fertilizer nitrogen in a side-dress or split application when fields are located 
over shallow aquifers or on soils that have a high leaching potential. 

• Delay fall manure applications until soil temperatures drop below 50 degrees F to 
minimize nitrate leaching and ammonia volatilization. 

• Avoid applying manure on wet soils to minimize soil compaction, runoff, nitrate 
leaching, and denitrification. 

• Inject or incorporate the manure into the soil preferably within 24 hours for 
maximum nutrient-use efficiency and to reduce odor and runoff chances. Significant 
volatilization losses will occur when manure is left on the surface for several days. 

Water Quality Risk Assessment Maps will be labeled with the symbol "L" on fields 
that are vulnerable to N Leaching. These practices are not required only encouraged, 
specifically on fields that have high leaching capacity. 

10. Phosphorus Risk Assessment 
a. The phosphorus risk assessment was done for every field as can be seen in 

Section 1 O.B.2. The Best Managements Practices are shown in Section 1.1 
for site specific ratings. Subsequent assessments will be conducted if risk 
factors change or 5 years has passed since the previous assessment. 

DeHaan. Grabs & Associates, LLC 4 
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1. Low or Medium Risk 
For a field or field segment with a low or medium risk of phosphorus 
movement from the field, a single year's application of manure may be 
based on the expected annual nitrogen requirement for the planned 
crop. 

11. High Risk 
For a field or field segment where there is a high risk of phosphorus 
movement from the field, the manure will be applied at a rate equal to 
or less than the expected phosphorus removal in harvested plant 
biomass for a planned crop sequence of five years or less. The total 
nutrient application will not exceed the expected annual nutrient 
requirement for the planned crop. 

111. Very High Risk 
For a field or field segment with a very high risk of phosphorus 
movement from the field, manure will not be applied. 

11. Management Considerations for Phosphorus 

Surface Water Concerns 
Surface water concerns focus primarily on phosphorus. Phosphorus acts very differently 
in soils than nitrogen. It attaches tightly to soils and does not generally move down 
through the soil profile. This lack of movement through soils results in accumulations of 
phosphorus in soil if phosphorus rates, either from manure or fertilizer, are greater than 
crop removal. fucreases in phosphorus concentrations in soil can result in more 
phosphorus moving off the field either attached to soil particles lost by erosion or 
dissolved in the runoff water. fu some situations phosphorus could move into surface 
waters with manure itself if the manure is applied in such a manner that it moves directly 
into waterways. 

Water Quality Risk Assessment Maps: will be labeled with the symbol "R" on fields 
that have limitations to Phosphorus applications. 

1) fu no case shall manure or organic by product applications (broadcast or 
incorporated/injected) be made within 100 feet of a surface water or conveyance. 

Phosphorus Base Manure Application 
If the manure application is required to be based on phosphorus crop removal, the 
application rate shall be based on phosphorus removed in the harvested portion of the 
crop. 

Phosphorus Best Management Practices 

1) Establish and maintain grass filter strips at the point where water leaves the field 
to trap sediment and nutrients 

2) Control sheet and rill erosion by installing conservation practices including 
conservation tillage, contour farming, strip cropping, terraces and cover crops. 

DeHaan, Grabs & Associates, LLC 5 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND Revised: December 2015 

3) Control ephemeral erosion by installing grassed waterways, diversions and 
sediment retention structures. 

4) Incorporate or inject manure and commercial fertilizer where possible while 
maintaining sufficient crop residue levels for erosion control. 

5) Grow high yielding, high phosphorus removing crops on fields with already high 
soil test phosphorus to reduce test levels. 

12. Solid Accumulation in the deep pits. 

a. Solids will be agitated and land applied with the general liquid fertilizer 
utilizing available technology at the time of application. 

13. Setback Requirements. 

a. Manure shall not be applied any closer than a 100 feet to any down
gradient surface waters, open tile line intake structures, sinkholes, 
agricultural well heads or other conduits to surface waters. 

b. Manure shall be injected or incorporated within eight hours if applied 
within Yi mile of an occupied residence (other than the owner's residence) 
building or public area where people may be present. The operator shall 
be required to inject or incorporate the manure into the soil if manure is 
applied in a manner such that is causes an odor reading, for two or more 
days within a 10-day period, (as measured with a scentometer) of 7 or 
greater within 100 feet of an occupied residence, building or public area. 
A plan to minimize excess odors will be required before future application 
of manure in this area. 

14. Typical Crops Grown and Crop Yields for the Land Application Areas: 

a. Soybeans - 3 7 bushels/acre 
b. Com Grain- 141 bushels/acre 
c. Edible Beans - 1476 pounds/acre 

15. Nutrient Utilization Plan Amendments. 

a. This plan may be amended when it fails to provide for protection of 
environmental resources or as appropriate. 

b. This plan will also need to be amended with Department of Health and 
Environment approval when one of the following conditions exist: 

1) Additional land to which waste will be applies is not described in 
the approved plans. 

2) A procedure will be used that is not described in an approved plan. 

DeHaan, Grabs & Associates, LLC 6 
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Rolling Green Family Fanns RE, UP 
Cass County, ND Revised: December 2015 

3) Land described in an approved plan is no longer available for 
nutrient application. 

A test result exceed the phosphorous-holding capacity of the soil as determined by the North 
Dakota state phosphorus index risk assessment. 

DeHaan, Grabs & Associates, LLC 7 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

10. B. LAND APPLICATION CALCULATIONS 

December 2015 

1. Calculating the Available Manure and Nutrients for Animal Feeding 
Operations 

2. Nutrient Management Planner for ND Livestock Operations 

3. Phosphoruslndex 

4. RUSLE 2 Calculations 

5. Average County Yields 

I 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

December 2015 

1. FARM NUTRIENT OUTPUT 

Using the proposed animal numbers and ASAE D 384.2 Standard for Manure, the annual 
output was calculated. This along with existing Manure tests the total amount of nutrients 
available for land application was determined. Then by using NM-1629, North Dakota Manure 
Fertilizer Use Recommendations and MF-2562 Estimating Manure Nutrient Availability the 
amount available for the crop was determined. It is to be noted that the mineralization of organic 
N recommendations for the liquid manure is as follows: 

1. Manure Application Year 1=30% 
2. Manure Application Year 2 = 12% 
3. Manure Application Year 3 = 6% 

It is to be noted that the mineralization of organic N recommendations for the solid manure is as 
follows: 

1. Manure Application Year 1 = 45% 
2. Manure Application Year 2 = 12% 
3. Manure Application Year 3 = 6% 

2 
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Rolling Green Family Fanns RE, LLP December 2015 
Cass County, ND 

2. Nutrient Management Planner for ND Livestock Feeding Operations and 
Planned Manure 
The Nutrient Management Planner for ND Livestock Feeding Operations determines the 
recommended required nutrients along with the maximum amount of manure that can be applied 
based off the crop need, available manure nutrients and type of application method. 

Planning the amount of manure to be land applied shall be up to the owner of the Diamond J Angus 
Ranch. For the crop year 2015 the following Planner on the next page makes recommendations 
for tons/acre per field along with supplemental commercial fertilizer. Things to consider when 
determining on how much to apply should be: 

• Does the manure address the crop nutrient needs for N, P20s and K20. If the manure is 
applied on an N basis, this most likely means that P20s and K20 are over applied, is this 
most economic solution? Or is it better to land apply on P20s basis and add commercial N? 

Planning Manure Application 
Using the crop recommendations from NDSU, SF 882 and the manure analysis from the ASAE, 
2005, D384.2, the following nutrient% should be used to calculate the plant available nutrients. 

Table 1. For Inorganic N (Ammonia N), MF-2562 Estimating Manure Nutrient Availability, Use: 

1. Sweep Injected: 100% of Ammonia N 
2. Knife injected or Immediate incorporated: 90% of Ammonia N 
3. Incorporated after 1 day: 65% of Ammonia N 
4. Sprinkler Irrigation or Incorporated at 2 days: 50% of Ammonia N 
5. Incorporated at 3 days: 40% 
6. Incorporated at 4 days: 3 0% 
7. Incorporated at 5 days: 20% 
8. Incorporated at 6 days: 10% 
9. Incorporated at 7 days: 5% 

Table 2. For Organic N %mineralization available for crop, NM-1629, North Dakota Manure 
Fertilizer Use Recommendations and MF-2562 Estimating Manure Nutrient Availability use: 

1. Liquid Manure: Year 1 = 30%, Year 2 = 12%, Year 3 = 6% 
2. Solid Manure: Year 1=45%, Year 2 = 12%, Year 3 = 6% 
3. Compost Manure: Year l= 20%, Year 2 = 6%, Year 3 = 3% 

Table 3. For P20s % nutrient available for crop use: 

1. If Soil test for Olsen is lower than 32 ppm: Use 50% of Manure analysis 
2. If Soil test for Olsen is greater than 32 ppm: Use 100% of Manure analysis 

For KiO use 85% of manure analysis for nutrient available for crop use 

Table 4. Example of manure calculation 

Assumptions: 
• Wheat was planted previous year. 
• 10-tons/acre of manure were applied previous year assuming the same as the 

ASAE, 2005, D 384.2 standard. 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

December 2015 

• Com to be planted this year with SF-882 recommendations of 86, 24, 0 
• The manure is to be broadcasted and not incorporated. 
• Manure analysis results: lbs/ton, Total N =13.0, Total P20s = 13.0, Total KzO = 

6.6, Ammonia N = 3.0. 

How many tons/acre to meet N requirements: Note 86.0 lbs recommended 
Since the manure is to be broadcast all Ammonia N is lost, and referring to Table 2. 
45% of Organic N is available for Year I= (13.0-3.0) * 0.45 = 4.5 lb/tons/acre 

Year 2 credit manure credit= (13.0 lbs-3.0 lbs)* 0.12 *IO -tons/acre= 12.0 lbs. 

Total tons/acre to meet Crop N needs= (86 lbs - 12.0 lbs)/4.5 = 16.4-tons/acre. 

How many tons/acre to meet P205 requirements: Note 24 lbs recommended 

The soil test for P is 11 ppm so I 00% of P20s is crop available. 

Crop need is = 24 lbs /13 lbs-ton/acre = 1.8-tons/acre 

Summary 

Crop needs, manure analysis, commercial fertilizer costs, transport costs all need to play a 
part in determining the amount of manure to land apply. 

5 
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Rolling Green Family Farms RE, LLP 

10B.1 land Application Calculations 

Rolling Green Fam\ly Fatms RE. LLP 
02-Dec-15 

1. Estimate the total nutrients (NPK) in the ex<:reted manure. 

Nutnents per storage period=# <>f animals x weight (lbs) x daily nutrient production {lblday/1,000 lb) x storage period (days). 

#of Animals Average Daily Storage Total 
Weight Nutrient Period Nutrients 
{lbs.) Production 

(lb/day/1,0DO lbs) 
Nitrogen 

Farrowing Sows 1.344 400 0.45 365 88,301 
Breeding/Geslation 5,312 400 0.16 365 124.088 
Boa-s 0 500 0.14 365 0 
Nursery Pogs 800 45 0.92 365 12,089 
Finisher Pigs 1,600 150 0.54 365 47.304 

Total Nitrogen 9,056 271,782 

Phosphorus 
Farrowing Sows 1,344 400 0.13 365 25.509 
Breeding/Gestation 5.312 400 0.05 365 38,776 
Boars 0 500 0.05 365 0 
Nursery Pigs 800 45 0.15 365 1,971 
Finisher Pigs 1,600 150 0.09 365 7.884 

Total Phosphorus 9,056 74,142 

Potassium Lactating Sows 1,344 400 0.28 365 54,943 
Breeding/Gestation 5,312 400 0.11 365 85,311 
Boars 0 500 0.09 365 0 
Nursery Pigs 800 45 0.35 365 4,599 
Finisher Pigs 1,600 150 0.24 365 21.024 

Total Potassium 9,056 165,876 

2. Add nutrients contained in wastewater. 

Nutrients in the wastewater= Number ol animals x daily wastewater produclion (gal./day/cow) x da 

#of Animals Dally Daily Storage Total 
Wastewater Nutrient Period Nutrients 
Production Production 

(gat.lday/cow) (lb/day/1,000 gal) 
Nitrogen 

F arrowong Sows 1,344 0 0 365 0 
Breeding/Gestation 5.31?. 0 0 365 0 
Boars 0 0 0 365 0 
Nursery Pigs 800 0 0 365 0 
Ftnisher Pigs 1.600 0 0 365 0 

Total Nitrogen 9,056 0 

Phosphorus 
Farrowing Sows 1,344 0 0 365 0 
Breeding/Gestation 5,312 0 0 365 0 
Boars 0 0 0 365 0 
Nursery Pigs 800 0 0 365 0 
F1<1isher Pigs 1.600 0 0 365 0 

Total Phosphorus 9,0SS 0 

Potassium Farrowing Sows 1,344 0 0 365 0 
Breeding/Gestation 5.312 0 0 365 0 
Boars 0 0 0 365 0 
Nursery Pigs 800 0 0 365 0 
Finisher Pigs 1.600 0 0 365 0 

Total Potassium 9,055 0 

Total Nutrients Produced 
Total N 271.782 lbs 
Total P 74,142 lbs 
Total K 165.876 lbs 

Convert to Fertilizer Form 
TotalN 271.782 lbs 
Total P2CJ; 169.785 lbs 
Total K20 200.710 lbs 

3. Subtract nutrients lost during storage 

Nutrients alter storage losses = Total nulrienls produced x lraclon retained = Amounl for taod application 

Solids (assume 0% ol nutrienls retained in solids) 
Item Nutrients {lbs) Percent of Orig. Available for Land 

Application {lbs) 
TOlal N 0 0.65 0 
Total P::O, O 0.80 O 
Total K.0 0 0.80 0 

L1qu1ds (assume 100% of nutnents relained in liquids) 
Item Nutrients {lbs) 

Total N 
Total Pi-05 

DeHaan, Grabs & Associates, LLC 

271.782 
169.785 

Percent of Orig. Avallabte for Land 
Applicatton {lbs) 

0.78 210.631 
0.93 157.051 

10.8.2 
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Rolling Green Family Fr;irn1s RE, LLP 

Total K,o 200.710 0.93 185.657 

4. Determine the plant available nutrients 

Estimate the amount of nutrients that will be available each year afler the third consecutive year of appl1cahon 
Plant avadabte nutrients =Amount applied x fraction available 

Solids (assume 0% of nutnenls retained in solids) 
Item Nutrients (lbs) Percent Avail. 

Total N 
Total P20s 
Total K,O 

Liquids {assume 101Y'k of nulrlents relalned in liquids) 

0 
0 
0 

0.73 
0.90 
0.93 

Item Nutrients (lbs) Percent Avail. 

Total N 
Tola! P,0; 
Tolal K>O 

210.631 
157.051 
185,657 

0.73 
0.90 
0.93 

Available for Land 
Application (lbs) 

0 
0 
0 

Available for Land 
App Ucatlon (lbs) 

153,761 
141,346 
172.661 

DeHaan, Grabs & Associates, LLC 10.B.2 
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Name: Melvin Family RE LLLP Tract I Field(s) ...,.F...,.ie""'ld...,.1..;,_ ________ _ August 26, 2015 
County:_C_a_s_s _____ ~ Acres: 204.9 ------

Leaching and Soil Surface Runoff Potential 

Soil Information / 14B ... , BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concem for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnouts 

0 f 1e.s than 2 tons/acre/year • I Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 

1 
r-------~ l Olsen <20 epm _ ..,. Soil Test Phosphorous (STP) 

2 130-90 pounds/acre . ,.. Phosphorous Fertilizer Application Rate (pounds PP~lacre) from all Sources 

1 I Injected or Subsurface Applied _ _:_'!] Phosphorous Fertilizer I Manure Application Method 

0 I greater than 1000 feel • I Distance to Perman~nt Surface Water or Water Course 

Check all Best Management Practices that apply: 
[);over or Green Manure Crop 

OilterStrlps 

[);ontour Buffer Strips 

Gstabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 I Low !Phosphorous Index Rating 
requirements. 
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United States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Melvin Family RE LLLP 

Countv: Cass 

Tract I Field Number(s): 

Acres: 

Field 1 r Date: 06/30/15 

204.9 Assisted By: 
Establish realistic vield aoals before attempting to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNlT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P205 K2') Soil Map Unit I Soil Map Unit Name I Surface Water Risk I Ground Water Risk 
Com, Grein 146 bushels 175.2 102.2 170.2 148 I BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES I NA I NA 

Soybeans 37 bushels 0.0 57.4 81.4 

Edible Beans 1476 oounds 73.8 34.1 51.1 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soll Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soll Test Phosphorous (P) ppm Olsen <20 ppm 

Phosphorous fertilizer application rate (pounds P,Oi/acre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Oplional Information for Documentation Only Distance to Surface Water (feet) grea1er lhan 1000 feet 

Date or 0-24 In. (Olsen) ppm mmho/cm Best Management Practices Planned 
Field depth 0-6 In. 0-6in. l I I 

Number 
N p K,O pH O.M.% E.C. 

Field 1 24 2 182 8 3.1 1.9 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDER}\TIONS. 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac -, . e.ttosphQrous: Maximum accumulation of P 150ppm 

General Management Statements 
....... Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 

in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. ....... Fall appflcation of anhydrous ammonia and urea should be delayed unt~ SOil temperature is less than 45 degrees Fahrenheit When soil temperatures are above 45 degrees Fahrenheit, mk:roblal activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen ls a very mobile form of nitrogen and can leach below the crop root zone. 

....... Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsile impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical service Provider bate PrOducer bale NRCS bale 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Serviee assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Page1 Nulrienl Managemenl Planner 
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Name: Melvin Family RE LLLP Tract I Field(s) ..:.F..:.:ie:::.:ld::...;2=----------- August 26, 2015 
County: _c_a_s_s ____ _ Acres: ..:.7..;;;.5;.;;.6 ___ _ 

Leaching and Soil Surface Runoff Potential 

Soil Information /so ]ii HAMERLY-TONKA LOAMS, 0 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 

Moderate Ground Water Risk Wetness 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient Management Planne(' sheet by clicking on the 
"Nutrient Management Planner" tab below. Complete the Phosphorous Index below if agricultural waste will be applied to this field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 I less than 2 tons/acre/year • I Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 

r--·---~ 1 Olsen <20 ppm . ... T Soil Test Phosphorous (STP) 
2 i 30·90 poundstacre T f'.l:l()SPhorous Fertilizer Application Rate (pound~ P20Jacre) from all Sources 

1 I injected or Subsurface Applied ... . . . ·--~ Phosphorous Fertilizer I Manure Application Method 

0 I greater than 1000 feet • I Distance to Permanent Surface Water or Water Course 
Check all Best Management Practices that apply: 
[J:over or Green Manure Crop 

Outer Strips 
O;ontour Buffer Strips 

Qst,bllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 I Low !Phosphorous Index Rating 
requirements. 
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United States Dept of Agriculture 
Natural Resources Conservation Service 

Name: Melvin Familv RE LLLP 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field2 I Date: 06/30/15 

75.6 Assisted By: 
Establish realistic vield aoals before attempting to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s Kzf) Soll Map Unit I Soil Map Unit Name I Surface Water Risk I Ground Water Risk 

Com, Grain 146 bushels 175.2 102.2 170.2 50 I HAMERLY-TONKA LOAMS, 0 TO 3 PERCENT SLOPES I NA I Moderate 

Soybeans 37 bushels 0.0 57.4 81.4 

Edible Beans 1476 oounds 73.8 34.1 51.1 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P,.O,lacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soll Test LbsJacre ppm Optional lnformatiOn for Documentation Only Distance to Surface Water (feet) greater than 1000 feet 

Date or 0-24in. (Olsen) ppm mmholcm Best Management Practices Planned 
Field depth 0-&ln. O.Sin. I I I 

Number N p K20 pH 0.M.% E.C. 
Field2 41 2 150 8 3.5 2.39 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENTCONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 150 lbs.lac Phosphorous: Maximum accumulation of P 125 ppm 

General Management Statements ...... Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. ...... Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. 

....... Nulrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize Impacts to sensitive areas . 
Schedule manure applications to minimize offsile impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
Consider split nitrogen applications to include a preplant application and later application during early vegetative growth. 

Additional Planning Remarks 

Technical Service Provider Date PrOducer Date NRCS Date 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Page1 Nutrient Menagemenl Planner 
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Name: Melvin Family RE LLLP Tract I Field(s)..:.,F.:,;:ie"""ld:;.,;3"----------
Acres: 156.4 

August 26, 2015 
County:_C~a_s~s __________ _ ------

Leaching and Soil Surface Runoff Potential 

Soil Information ~ ... , BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnouts 
0 less than 2 tons/acre/year •!soil Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk 
1 Olsen <20 ppm .. - -~Soil Test Phosphorous (STP) 
2 30·90 pounds/acre • I Phosphorous Fertilizer Application Rate (pounds P20sfacre) from all Sources 

1 Injected or Subsurface Applied • I Phosphorous Fertilizer I Manure Application Method 
0 greater than 1000 feet • I Distance to Permanen~S~rface Water or Water Course 

Check all Best Management Practices that apply: 
[}:over or Green Manure Crop 

D11terStrips 

O::ontour Buffer Strips 

[J:stabHshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low !Phosphorous Index Rating requirements. 
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United States Dept. of Agricutture 
Natural Resources Conservation Service 

Name: 

l:!fil.e County: 

Melvin Famil RE LLLP 

Cass 

Tract/ Field Number(s): 1-F_ie_l_d_3'--r----------' Date: 06130/15 --------
Acres: 156.4 Assisted By: 

Estabr rsh realistic yield goals before attempting to use this spreadsh eet. Nutrient requirements of a crop depend on the total production of that crop 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1104 

Rotation I Crops Yield Goal Units N P205 K2') Soil Map Unit I Soil Map Unit Name I Surface Water Risk I Ground Water Risk 

Com, Grain 141 bushels 169.2 98.7 164.4 148 I BARNES.BUSE LOAMS, 3 TO 6 PERCENT SLOPES I NA I NA 

Soybeans 37 bushels 0.0 57.4 81.4 

Edible Beans 1476 ~""'· 73.8 34.1 51.1 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P,O,lacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soll Test Lbs./acre ppm Optional lnfonnation for Documentation Only Distance to Surface Water (feet) greater than 1000 feet 

Date or 0-241n. (Olsen) ppm mmholcm Best Management Practices Planned 
Field depth 0-61n. 0-6in. I I I 

Number 
N p K20 pH O.M.% E.C. 

Field3 35 3 132 8.1 3 1.88 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac ,. ·Phosphorous: Maximum accumulation of P 1 SOppm 

General Management Statements 
........ Soil testing should be completed at least every other year to monttor nitrogen and at least once every five years to monttor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 

in the rotation to reduce the risk of leaching nttrate nitrogen out of the root zone. 

....... Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nttrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. 

........ Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensttlve areas . 
Schedule manure applications to minimize offstte impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Tecfimcal Service Provider bate Producer bale NRCS bale 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT Intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 

liabiltty for any use of this worksheet outside of the intended purpose. 
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Name: Melvin Family RE LLLP Tract I Field(s)""'F.;;:ie"='ld:;..4"----------- August 26, 2015 
Coun~:_C_a_ss _____ _ Acres: _3_9._3 ___ _ 

Leaching and Soil Surface Runoff Potential 

Soll Information I 66 •I WYARD-HAMERLY LOAMS, 1TO3 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnouts 
0 less than 2 tons/acre/~~3 Soil Erosion by Wind and Water in (tons/acre/year) 

0 __ _____ _ N~_ __ __ Surface Water Risk 

1 Olsen <20 ppm -~Soil Test Phosphorous (STP) 
2 30·90 pounds/acre • Phosphorous Fertilizer Application Rate (pounds P20 5/acre) from all Sources 

1 Injected or Subsurface Applied --------------~_! Phosphorous Fertilizer I Manure Application Method 

0 greater than 1000 feet • /Distance to Permanent Surface Water or Water Course 
Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

OilterStrips 

lJ:onlllur Buffer Strips 

Ostabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low !Phosphorous Index Rating 
requirements. 



000149

United States Dept of Agriculture 
Natural Resources Conservation Service 

Name: Melvin Familv RE LLLP 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field4 I Date: 06130/15 

39.3 Assisted By: 
Establish realistic vleld qoals before attempting to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING. UNIT INFORMATION 

NO-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K~ Soil Map Unit I Soil Map Unit Name I Surface Water Risk I Ground Water Risk 

Com, Grain 147 bushels 176.4 102.9 171.4 66 I WYAAIHiAMERLY LOAMS. 1 TO 3 PERCENT' SLOPES I NA I NA 

Soybeans 37 bushels 0.0 57.4 81.4 

Edible Beans 1476 oounds 73.8 34.1 51.1 NUTRIENTRISK ASSESSMENT INFORMATION 0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less lhan 2 tons/acre/year 

0 0.0 0.0 0.0 Soll Test Phosphorous (P) ppm Olsen <20 ppm 

Phosphorous fertilizer apphcatlon rate (pounds P.Oafacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertlllzer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Optional Information for Documentation Only Distance to SUrface Water (feet) greater than 1000 feet 

Date or 0-24in. (Olsen) ppm mmholcm Best Management Practices Planned 
Field depth 0-Gin. 0-6 in. I I I 

Number 
N p K20 pH 0.M.% E.C. 

Field4 Z1 6 176 7.9 3.1 0.79 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac Phosph'oi'oi.Js: Maximum accumulation of P 150ppm 

General Management Statements 
....... Soil testing should be completed at least every other year to monitor nttrogen and at least once every f1Ve years to monttor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 

in the rotation to reduce the risk of leaching nttrate nitrogen out of the root zone. ....... Fall application of anhydrous ammonia and urea should be delayed untH soil temperature is less than 45 degrees Fahrenheit When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nttrogen (N03). Nitrate-nitrogen is a very mobile form of nttrogen and can leach below the crop root zone. 

....... Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal. state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical Service Provider Date Producer bate NRCS bate 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resounces Conservation Service assumes no 

liability for any use of this wori<sheet outside of the intended purpose. 

Page1 Nutrient Management Planner 
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Name: Melvin Family RE LLLP Tract I Field(s) ..;,F,.:;ie'="'ld=::5=-----------
Acres: 243.5 

August 26, 2015 
County:-'-C...;;.a;..;;_s.;;;,.s ____ _ ------

Leaching and Soil Surface Runoff Potential 

Soll Information 166 3 WYARD-HAMERLY LOAMS, 1 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABUSHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 I less than 2 tons/acre/year •I soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk r -----.~ 1 Olsen <20 ppm . • Soil Test Phosphorous (STP) 
2 30·90 pounds/acre • Phosphorous Fertilizer Application Rate (pounds P20slacre) from all Sources 

1 I Injected or Subsurface Applied • I Phosphorous Fertilizer I Manure Application Method 

0 I greater than 1000 feet • I Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

[}ilter Strips 

D:ontour Buffer Strips 

[}stablished No-Ull System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 I Low !Phosphorous Index Rating requirements. 



000151

United States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Melvin Familv RE LLLP 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field5 I Date: 06/30/15 

243.5 Assisted By: 
Establish realistic yield Qoafs before attemptina to use this spreadsheet. Nutrient reouirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING. UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K,O Soil Map Unit 1 Soil Map Unit Name I Surface Water Risk I Ground Watet Risk 

Com, Grain 147 bushels 176.4 102.9 171.4 66 I WYARO-HAMERLYLOAMS, 1TO3 PERCENT SLOPES I NA I NA 

Soybeans 37 bushels 0.0 57.4 81.4 

Edible Beans 1476 oounds 73.8 34.1 51.1 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertihzer app11caHon rate (pounds P~o!acre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fllrtifizer application method injected or Subsurface Applied 

Soil Test Lbs./acre ppm Optional Information for Documentation Only Distance to Surface Water (feet) greater than 1000 feet 

Date or 0-24in. (Olsen) ppm mmho/cm 81111! Management Practices Planned 
Field depth 0-6 in. 0-6in. I I I 

Number N p K20 pH 0.M.% E.C. 
Field4 27 6 176 7.9 3.1 0.79 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac ... ·Phosphorous: Maximum accumulation of P 150ppm 

General Management Statements - Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nttrogen out of the root zone. - Fan applicaliOn of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. - Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize off site impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical service Provider Date PrOducer bale NRCS Date 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Page 1 Nutrient Management Planner 
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Name: Melvin Family RE LLLP 
County:_C_a_ss~~~-~-

Tract I Field(s) .... F-'ie-'ld_6 __________ _ 
Acres: 78 ------

August 26, 2015 

Leaching and Soil Surface Runoff Potential 

Soil Information I so ... , HAMERL Y·TONKA LOAMS, 0 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 
Moderate Ground Water Risk Wetness 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient Management Planner" sheet by clicking on the 
"Nutrient Management Planner'' tab below. Complete the Phosphorous Index below if agricultural waste will be applied to this field. · 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABUSHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 less than 2 tons/acre/year ""' I Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 
1 Olsen < 20 ppm ---;;i Soil Test Phosphorous (STP) 
2 30-90 pounds/acre . ,.. /Phosphorous Fertilizer Application Rate (pounds P20sfacre) from all Sources 

1 Injected or Subsurface Applied ___ =:3 Phosphorous Fertilizer I Manure Application Method 
2 100-200 feet • I Distance !~·~;;,,anent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

DnterStrips 

[):ontour Buffer Strips 

Dstabllshed N()-lill System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

6 Low !Phosphorous Index Rating 
requirements. 
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Untted States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Melvin Family RE LLLP 

Countv: Cass 

Tract I Field Number(s): 

Acres: 

Field6 1 Date: 06/30/15 

78 Assisted By: 
Establish realistic vield Qoals before attempting to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

NO..CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K,O SOil Map Unit l Soll Map Unit Nama I Surface Water Risk I Ground Water Risk 

Com, Grain 141 bushels 169.2 98.7 164.4 50 I HAMERLY-TONKA LOAMS, 0 TO 3 PERCENT SI.OPES I NA I Moderate 

Soybeans 37 bushels 0.0 57.4 81.4 

Edible Beans 1476 paunds 73.8 34.1 51.1 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acrelyear 

0 0.0 0.0 0.0 Soll Test Phosphorous (P) ppm Olsen <20 ppm 

Phosphorous fertilizer application rate (pounds P,Oifacre) 30-90 pounds/acte 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Optional Information for Documenlalion Only Distance to Surface Water (feet) 100-200 feel 

Date or 0·24in. (Olsen) ppm mmho/cm Best Management Practices Planned 
Field depth 0-6 in. o.e in. 1 I I 

Number N p K,O pH 0.M.% E.C. 

Field6 28 4 166 8.1 2.3 1.2 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 150 lbs.lac Phosph<>rous: Maximum accumulation of P 125 ppm 

General Manaaement Statements ...... Soil testing should be completed at least every other year to monitor nttrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of teaching nitrate nitrogen out of the root zone. ...... Fall appfication of anhydrous ammonia and urea should be delayed unbl soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit. microbial acfulity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nttrogen and can leach below the crop root zone. ...... Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
Consider split nitrogen applications to Include a preplant appfication and later appflcation during eatly vegetative growth. 

Additional Planning Remarks 

Technical Service Provider Date PrOducer bale NRCS bale 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 

liabHity for any use of this wolXsheel outside of the intended purpose. 

Page 1 Nutrient Management Planner 
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Name: Eldwyn Van Bruggen Tract I Field(s) ... F .... ie""ld::....7~&-'8'--------
Acres: 141.2 

August 26, 2015 
Counzy:_C_a_ss _____ _ ------

Leaching and Soi I Surface Runoff Potential 

Soil Information I s1 ... , HAMERLY LOAM, SALINE, 0 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 
Moderate Ground Water Risk Wetness 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient Management Planner" sheet by clicking on the 
"Nutrient Management Planner" tab below. Complete the Phosphorous Index below if agricultural waste will be applied to this field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 I 1ess than 2 tons/acretyear • I Soil Erosion by Wind and Water in (tonslacrelyear) 
0 NA Surface Water Risk 
1 f Olsen <20 P;,;;--·---~ Soil Test Phosphorous (STP) 
2 30·90 pounds/acre ""' I Phosphorous Fertilizer Application Rate (pounds P20Jacre) from all Sources 

1 I injected or Subsurface Applied •I Phosphorous Fertilizer I Manure Application Method 
2 j 100-200 feet • J Distance to P~rmanent Surface Wat~r or Water Course 

Check all Best Management Practices that apply: 
[}:over or Green Manure Crop 

[}11terStrips 

O:ontour Burrer Strips 

[):stabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

6 I Low !Phosphorous Index Rating requirements. 



000155

Untted States Dept of Agriculture 
Natural Resources Conservation Service 

Name: El 

!:!f!,f County: 

en Tract I Field Number(s): f"'F""'ie""l-'-d""'7_&..--"8 _______ __, Date: ---"-06"-/3~0/ __ 1"""5 __ 

Acres: 141.2 Assisted By: 
E tabl h r s is rea 1stic vield aoals be ore attempting to use this spreadsh eet. Nutrient requirements of a crop depend on the total roduction of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOILMAPPING UNITINFORMATION 

NO-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K,O Soil Map Unit Soll Map Unit Name Surfaca Water Risk Ground Water Risk 

Com, Grain 141 bushels 169.2 96.7 164.4 51 HAMERLY LOAM, SALINE. 0 TO 3 PERCENT SLOPES NA Moderale 

Soybeans 37 bushels 0.0 57.4 81.4 

0 0.0 0.0 0.0 
0 0.0 0.0 0.0 

NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 Soll Erosion by wind and water (tons/ac:re/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (PJ ppm Olsen <20 ppm 

Phosphorous fertilizer application rate (pounds P20Jacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Oplional Information for Documentation Only Distance to Surface Water (feet) 100-200 feet 

Date or 0·241n. {Olsen) ppm Best Management Practices Planned 
Field depth 0-llin. 0-6in. I I I 

Number N p K20 pH 0.M.% E.C. 
Field?&~ 37 6 278 8 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS . 

Nutrient Thresholds Nitrogen: Maximum accumulation of N 150 lbs.lac Phosphorous: Maximum accumulation of P 125 ppm 
General Manaaement Statements - Soil testing should be completed at least every other year to monitor nitrogen and at least once every ~ve years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 

in the rotation to reduce the risk orteaching nitrate nitrogen out of the root zone. - Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial actillily 
Increases. converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. - Nutrient application should avoid areas sensilive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize offsite impacts by poteniaUy offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Manaaement Considerations 
Consider split nitrogen applications to include a preplant application and later application during early vegetative growth. 

Additional Planning Remarks 

Technical Service Provider bate Producer bale NRCS bate 
This worksheet Is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside or the intended purpose. 

Page1 Nutrient Management Planner 
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Name: Eldwyn Van Bruggen 

County: _c_a"'""ss~-----
Tract I Fiefd(s)..:.F"""ie""fd:;..9~--------

Acres: 150.1 ------
August 26, 2015 

Leaching and Soil Surface Runoff Potential 

Soll Information I Sl ~ HAMERLY LOAM, SALINE, 0 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 
Moderate Ground Water Risk Wetness 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient ManagementPlanner' sheet by clicking on the 
"Nutrient Management Planner" tab below. Complete the Phosphorous Index below if agricultural waste will be applied to this field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS !!.QI INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnouts 

0 less than 2 tons/acre/year • I Soil Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk 
1 Olsen :20 o~-;-- --·-;i Soil Test Phosphorous {STP) 

2 30-90 pounds/acre ' .,.. /Phosphorous Fertilizer Application Rate (pounds P20 5/acre) from all Sources 

1 Injected or Subsurface Applied • I Phosphorous Fertilizer I Manure Application Method 
2 100·200 feet • I Distance to Permanent Surface Water .or Water Course 

Check all Best Management Practices that apply: 
[);over or Green Manure Crop 

DllterStrlps 

O:ontour Buffer Strips 

[):stabUshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

6 Low !Phosphorous Index Rating 
requirements. 



000157

United States Dept of Agriculture 
Natural Resources Conservation Service 

Name: Eldwvn Van Bruaaen 

County: Cass 

Tract I Field Number{s): 

Acres: 

Field9 I Date: 06/30/15 

150.1 Assisted By: 
Establish realistic yield goals before attemptina to use this spreadsheet. Nutrient reauirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K~ Soll Map Unit I Soll Map Unit Name I Surface Waler Risk I Ground Water Risk 

Corn, Grain 141 bushels 169.2 96.7 164.4 51 r HAMERLYLOAM,SAUNE, OTO 3 PERCENT SI.OPES I NA I Moderate 

Edible Beans 1476 pounds 73.8 34.1 51.1 
srum-n. 37 bushels 0.0 57.4 81.4 NUTRIENT RISK ASSESSMENT INFORMATION a o.a 0.0 o.a 

a a.a 0.0 a.a Soll Erosion by wind and water (tonS/acre/year) less than 2 tons/acre/year 

a 0.0 0.0 a.a Soll Test Phosphorous (PJ ppm Olsen <20 ppm .. 
Phosphorous fertilizer application rate (pounds P,O.,tacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soll Test Lbs./acre ppm Optional Information for Documentation Only Distance to Surface Water (feet) 100-200 feet 

Date or 0-241n. (Olsen) ppm Best Management Practices Planned 
Field depth ll-6 In. 0-6in. I I I 

Number 
N p K,O pH 0.M.% E.C. 

Field9 45 5 238 8 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 

Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 150 lbsJac Phosphorous: Maximum accumulation of P 125 ppm 

General Mana!lement Statements - Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. - Fell application of anhydrous ammonia and urea should be delayed until soil temperature Is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial ac1ivity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile fonn of nitrogen and can leach below the crop root zone. ...... Nutrient appflcation should avoid areas sensitive to surface and ground water contamination. Follow federal. state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 

Consider split nitrogen applications to include a preplant application and later application during ea~y vegetative growth. 

Additional Planning Remarks 

Technical Service Provider bale PrOducer bate NRCS bale 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop /fertifizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Page1 Nutrient Management Planner 
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Name: Joseph Harbeke Tract I Field(s) ..:.,F.!,:ie=--=ld,,,_1""0'---------- August 26, 2015 
County:_C_a_s_s ____ _ Acres: ...;.1...;..40'-".2o;....... __ _ 

Leaching and Soi I Surface Runoff Potential 

Soil Information ~ .... ) BARNES-SVEA LOAMS, 2 TO 5 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern tor this soil map unit Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HA VE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnouts 

0 / less than 2 tons/acre/year •I soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 

1 r-;;;n-:20 ppm ·- -m ---;i Soil Test Phosphorous (STP) 

2 30-90 pounds/acre • /Phosphorous Fertilizer Application Rate (pounds P20 5/acre) from all Sources 

1 \ Injected or Subsurface Applied ____________ !] Phosphorous Fertilizer I Manure Application Method 

0 I greater than 1000 feet • I Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[}::over or Green Manure Crop 

Onter Strips 

[):;ontour Suffer Strips 

[):stabllshed No·till Sr.;tem 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 I Low f Phosphorous Index Rating requirements. 



000159

United States Dept of AgricuHure 
Natural Resources Conservation Service 

Name: Joseph Harbeke 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field 10 I Date: 07/16115 

140.2 Assisted By: 
Establish realistic vield aoals before attempting to use this spreadsheet. Nutrient requirements of a croo deoend on the total production of that croo. 

CROPS & YIELDS Requlred Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

NQ..CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N PPs K20 Soil Map Unit I Soil Map Unit Name I Surface Water Risk I Ground Water Risk 
Com, Grain 141 bushels 169.2 98.7 164.4 178 I BARNE$-S\IEA LOAMS, 2 TO 5 PERCENT SLOPES I NA I NA 

Edible Beans 1476 pounds 73.S 34.1 51.1 

Snvbeans 37 bushels 0.0 57.4 61.4 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (Ions/acre/year) less than 2 tonstacre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous ferlllizer application rate (pounds P,O,lacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsuiace Applied 

Soil Test Lbs./ acre ppm Optional Information for Documentation Only Distance to Surface W- lfeet) greater than 1000 feet 

Date or 0·24in. (Olsen) ppm Best Management Practices Planned 
Fl aid depth 0-6 in. 0-6in. I I I 

Number N p K20 pH O.M.% E.C. 
11/6/2014 28 6 195 8 4.1 1.1 

11/20/2013 27 2 202 7.9 1 PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbsJac · Phosphorous: Maximum accumulation of P 150ppm 

General Management Statements - Soil testing should be completed at least every other year lo monitor nitrogen and at least once every five years lo monttor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. - Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit When soil temperatures ere above 45 degrees Fahrenhett, microbial activity 
increases. converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobie form of nitrogen and can leach below the crop root zone. - Nutrient application should avoid areas sensitive to surface and ground water contamination. Fonow federal, state and local guidennes ror specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

fechmcal Service Provider Date PrOClucer Date NRCS bate 
This worksheet is Intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability ror any use of this worksheet outside of the intended purpose. 

Page 1 Nutrient Management Planner 



000160

United States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Jonathon Melvin 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field 11 I Date: 07120115 

158 Assisted By: 
Establish realistic vleld goals before attemptina to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Requited Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA·343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K,O Soll Map Unit I Soll Map Unit Name I Surface Water Risk I Ground Water Risk 
Com, Grain 141 bushels 169.2 98.7 164.4 50 1 w.MERLY·TONKALOAMS, 0 TO 3PERCENT SLOPES I NA I Moderate 

Edible Beans 1476 pounds 73.8 34.1 51.1 

Sovbeans 37 bushels 0.0 57.4 81.4 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soll Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertifizer application r.ate (pounds P,Oofacre) less than 30 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soi! Test Lbs.lacre ppm Optional lnrormation for Documentation Only Distance to Surfaee Water (feet) greater than 1000 feet 

Date or 0·241n. (Olsen) ppm Best Management Practices Planned 
Field depth O~in. 0-6 in. r I I 

Number N p K20 pH O.M.% E.C. 
Field 11 12 19 383 8.1 4 1.47 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 150 lbs.lac ·Phosphorous: Maximum accumulation of P 125 ppm 

General Management Statements ....... Soil testing should be completed at least every other year to monttor nitrogen and at least once every five years to monHor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk Of leaching nHrate nitrogen out Of the root zone. - Fall application Of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). NHrate-nltrogen is a very mobile form of nHrogen and can teach below the crop root zone. - Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure appfications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
Consider splH nitrogen applications to include a preplant application and later application during early vegetative growth. 

Additional Planning Remarks 

Technical Sel'Vlce Provider bate Producer bate NRCS bate 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertJlizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the Intended purpose. 

Page 1 Nutrient Management Planner 



000161

Name: Jonathon Melvin Tract I Field(s) .-Fi.;...;;1e..;.;ld'-1.;_1;...._ _______ _ August 26, 2015 
Caunty: _C_a_s_s ____ _ Acres: 158 ------

Leaching and Soil Surface Runoff Potential 

Soll Information J so ~ HAMERLY-TONKA LOAMS, 0 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 
Moderate Ground Water Risk Wetness 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient Management Planner" sheet by clicking on the 
"Nutrient Management Planner" tab below. Complete the Phosphorous Index below if agricultural waste will be apPlied to this· field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HA VE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score _J!!J:!uts 

0 ~n 2 tons/acre/year • J Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 

1 r;-;~;~ po-;;;-----;i Soil Test Phosphorous (STP) 
1 ) less than 30 pounds/acre • I Phosphorous Fertilizer Application Rate (pounds P20 5/acre) from all Sources 

1 / injected or Subsurface Applied •I Phosphorous Fertilizer I Manure Application Method 

0 / greater than !000 feet • I Distance to Permanent Surface Water or Water Course 
Check all Best Management Practices that apply: 
[);over or Green Manure Crop 

D11terStrips 

O:ontour Buffer Strips 

O:stablished No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

3 I Low !Phosphorous Index Rating 
requirements. 



000162

Name: Jonathon Melvin Tract I Field(s) ..;..F"'"'ie;;.;;ld'--1""2'---------
Acres: 112.3 

August 26, 2015 
Counfy:_c_a_ss _____ _ ------

Leaching and Soil Surface Runoff Potential 

Soil Information Im ... , BARNES-SVEA LOAMS, 2 TO 5 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 J ress than 2 tons/acre/year • Soil Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk 
1 f01sen <20 ppm :_~Soil Test Phosphorous {STP) 
2 i 30-90 pounds/acre ""' 1 Phosphorous Fertilizer Application Rate (pounds P20Jacre) from all Sources 

1 I injected or Subsurface Applied •I Phosphorous Fertilizer I Manure Application Method 
3 / 20-100 feet '!J Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

OilterStrips 

D:ontour Buffer Strips 

[}stabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

7 I Low !Phosphorous Index Rating 
requirements. 



000163

United Slates Dept of Agriculture 
Natural Resources Conservation Service 

Name: Jonathon Melvin 

Countv: Cass 

Tract I Field Number(s): 

Acres: 

Field 12 l Date: 07120115 

112.3 Assisted By: 

Establish realistic viefd Qoals before attempting to use this spreadsheet. Nutrient reauirements of a cron depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops YleldGoal Units N P~s K,O Soil Map Unit I Soil Map Unit Name I Surface Water Rlak I Ground Water Risk 

Com, Grain 141 bushels 169.2 98.7 164.4 178 I BARNES-SVEA LOAMS, 2 TO 5 PERCENT SLOPES I NA I NA 

Edible Beans 1476 pounds 73.8 34.1 51.1 

s~""'ans 37 bushels 0.0 57.4 81.4 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (Ions/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soll Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P20.,lacre) 30-90 pounds/acm 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Optional Information for Documentation Only Distance to Surface Water (feet) 20-100 feet 

Date or 0-24in. (Olsen) ppm Best Marnigement Practices Planned 
Field depth O.Sln. ~in. I I I 

Number 
N p K20 pH O.M% E.C. 

1012712014 44 6 242 7.3 4.4 1.09 

11/4i2013 31 5 212 7.5 3.6 1.01 PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac Phosphorous: Maximum accumulation of P 150ppm 

General Manaaement Statements - Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. - Fall appflcation of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. - Nutrient application should avoid areas sensitive 10 surface and ground water contamination. Follow federal, state and local gulde&nes for specific setbacks need to minimize impacts lo sensitive areas. 
Schedule manure applications to minimize offsite impacts by potenlally offensive odors. Drainage (surface and subsurface) shOuld be considered when evalualing distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Tecfimcal servtce Provider bale PiOducer bate NRCS Date 
This worksheet is intended 10 provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 

liability for any use of this worksheet outside of lhe intended purpose. 

Page1 Nutrient Management Planner 



000164

Name: Randy Melvin Tract/ Field(s).,,F""'ie,,.ld.,,..1_3 ________ _ August 26, 2015 
County: _c_a_s_s ____ _ Acres: ...;;.3'-76.;..;...3.._ __ _ 

Leaching and Soil Surface Runoff Potential 

Soll Information G?C-==91 BARNES-SVEA LOAMS, 2 TO 5 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS !!.QI INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HA VE BEEN ESTABUSHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score Inputs 

0 less than 2 tons/acre/year •I Soil Erosion by Wind and Water in (tons/acre/year) 

0 _Nj._ ___ Surface Water Risk 

1 Olsen <20 ppm :~Soil Test Phosphorous (STP) 
2 30-90 pounds;acre · ,.. Phosphorous Fertilizer Application Rate (pounds P20 5/acre) from all Sources 

1 Injected or Subsurface Applied ----------- -3 Phosphorous Fertilizer I Manure Application Method 

3 20-100 feet • I Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices thal apply: 
[]::over or Green Manure Crop 

011ter Strips 

[);ontour Buffer Strips 

O:stabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

7 Low !Phosphorous Index Rating 
requirements. 



000165

Untted States Dept of Agricutture 
Natural Resources Conservation Service 

Name: Rand Melvin 

HELP County: Cass 

Tract/ Field Number(s): Field 13 Date: 06/30/15 

Acres: 376.3 Assisted By: 
Es b" h ta hs realistic yield goals before attemptina to use this spreadsh eet. Nutrient requirements of a crop depend on the total production of that crop 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K:z(l Soil Map Unit ·1 Soil Map Unit Name I Surface Water Risk I Ground Water Risk 
Com, Grain 141 bushels 169.2 98.7 164.4 176 I BARNES-SVEA LOAMS, 2 TO 5 PERCENT SLOPES I NA I NA 
Edible Beans 1476 pounds 73.8 34.1 51.1 

Sovbeans 37 bushels 0.0 57.4 81.4 
0 0.0 0.0 0.0 

NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 Soil Erosion by wind and water (Iona/acre/year) less than 2 tons/acrelyear 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P,o.tacre) 30-90 poundslaC«l 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soll Test Lbs.I acre ppm Optional Information for Documenlalion Only Distance to Surface Water (feet) 20-100feet 

Dale or 0·24in. (Olsen) ppm mmho/cm Best Management Practices Planned 
Field depth 0-6 In. 0-0in. I I I 

Number N p K,O pH O.M.% E.C. 
Field 13 37 5 205 7.7 3 1.4 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac Phosphorous: Maximum accumulation of P 150ppm 

General Management Statements ..... So~ tE!$ting should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out Of the root zone. ..... Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial aclilllty 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. ..... Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical service Provider bate Pi'Oducer bate · NRCS bate 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liabltty for any use of this worksheet outside of the intended purpose. 

Page 1 Nutrient Management Planner 



000166

Name: Randy Melvin Tract I Field(s) ..;._F;;.;;.iec..;ld'-1'-4;.._ _______ _ August 26, 2015 
County:_C_a""'"s_s ____ _ Acres: 70.9 ------

Leaching and Soil Surface Runoff Potential 

Soil Information I us ... J BARNES-SVEA LOAMS, 2 TO 5 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABUSHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score ln~uts_ 

0 [1ess than 2 tonsfacre/ye;;;--=;Jsoil Erosion by Wind and Water in (tons/acre/year) 

0 ~-- -··-- NA ___ ~urface Water Risk 
1 Olsen <20ppm .. - • Soil Test Phosphorous (STP) 
2 30-90 pounds/acre • Phosphorous Fertilizer Application Rate (pounds P20sfacre) from all Sources 

1 Injected or Subsurface Applied ... , Phosphorous Fertilizer I Manure Application Method 
3 20-100 feet __ • I Distance to P~~anent S~rfa~ Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

Outer Strips 

[J:::ontour Buffer Strips 

[}:stabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

7 Low IPhosphorous Index Rating 
requirements. 



000167

United States Dept. of Agricutture 
Natural Resources Conservation Service 

Name: Randv Melvin 

County: Cass 

Tract/ Field Number{s): 

Acres: 

Field 14 I Date: 06130115 

70.9 Assisted By: 

Establish realistic yield 11oals before attemptina to use this spreadsheet Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops YleldGoal Uni ls N P20s K:z(l Soif MapUnil I Soll Map Unit Name I Surface Waler Risk I Ground Waler Risk 

Com, Grain 141 bushels 169.2 98.7 164.4 178 T BARNEs.Sl/EJ\ LOAMS, 2 TO 5 PERCENT SLOPES I NA I NA 

Edible Beans 1476 pounds 73.8 34.1 51.1 

Sovbeans 37 bu She ls 0.0 57.4 61.4 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and waler (tons/acre/year) Jess than 2 tons/acre/year 

0 0.0 0.0 0.0 SOil Test Phosphorous (PJ ppm Olsen <20 ppm 

Phosphorous fertilizer application rate (pounds P 20.,racre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer appUcation method Injected or SubSUlf ace Applied 

Soll Test Lbs./acre ppm OpUonal lnformaoon for Documanlation Only Distance 10 Surface Water (feet) 20-100feet 

Dale or 0-24 in. (Olsen) ppm mmho/cm Best Managemoot Practices Planned 

Field depth 0-6 In. 0-Sin. I I I 
Number N p K,O pH O.M.% E.C. 

Field14 73 5 174 7.8 3.4 0.9 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac Phosphorous: Maximum accumulation of P 150ppm 

General Management Statements ..... Soil testing should be completed at least every other year to monitor nilrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting deplh of each crop 
in the rotation to reduce the rlsk Of leaching nitrate nitrogen out of the roo1 zone. ..... FaD appHcation of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When son temperatures are above 45 degrees Fahrenheff, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. ..... Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

TeChmcal Service Provider Date PrOducer Date NRCS . . Date 
This worksheet is intended to provide nutrient and resource assessments. ThlS worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 

liabirrty for any use of this worksheet outside of the intended purpose. 

Page 1 Nutrient Management Planner 



000168

Name: Randy Mervin Tract I Field(s)...;..F_ie...,ld._1_s _________ _ August 26, 2015 
County:_c_a_ss.;;._ ___ ~- Acres: 41.2 ------

Leaching and Soil Surface Runoff Potential 

Soil Information I 27 .... , DIVIDE LOAM 

NA Surface Water Risk NA 
High Ground Water Risk Poor Filter 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient Management Planner' sheet ~y clicking on the 
"Nutrient Management Planner' tab below. Complete the Phosphorous Index below if agricultural waste will be applied to this field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 

!:!filE 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HA VE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score _ ln(!UtS 

0 Uess than 2 tons/acre/ye~ Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 
1 I~~.~ ~o ppm -~Soil Test Phosphorous (STP) 
2 3~_-90 pounds/acre ..,. Phosphorous Fertilizer Application Rate {pounds PP5/acre} from all Sources 

1 Injected or Subsurface Applied '•I Phosphorous Fertilizer I Manure Application Method 
3 20-100 feet "" I Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

[}liter Strips 

O::ontour Buffer Strips 

[):stablished No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

7 Low !Phosphorous Index Rating 
requirements. 



000169

Untted States Depl of Agricutture 
Natural Resources Conservation Service 

Name: Randv Melvin 

County: Cass 

Tract I Field Number(s ): 

Acres: 

Field 15 I Date: 06/30115 

41.2 Assisted Bv: 
Establish realistic yield aoals before attempting to use this spreadsheet Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20 5 K~ Soil Map Unit r Soil Map Unil Name I Surface Water Risk I Ground Waler Risk 
Com.Grain 141 bushels 169.2 98.7 164.4 27 I DMDELOAM I NA I High 
Edible Beans 1476 pounds 73.B 34.1 51.1 

Sovbeans 37 bushels 0.0 57.4 81.4 NUTRIENT RISK ASSESSMENT INFORMATION 0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soll Erosion by wind and water (tons/acre/year) less lhan 2 tons/acre/year 

0 0.0 0.0 0.0 Soll Tellt Phosphorous (PJ ppm Olsen <20 ppm 
.. Phosphorous fertilizer application rate (pounds P.OJacre) 30-90 pounds/actll 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Optional Information for Documentalion Only Distance to Surface Water (feet} 20-100feet 

Date or 0-24in. (Olsen} ppm mmholcm Best Management Practices Planned 
Field depth 0-6 In. 0-6in. 1 I I 

Number N p K,O pH 0.M.% E.C. 
Field 15 8f 8 239 7.9 5.1 2.5 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 100 lbs.lac Phosphorous: Maximum accumulation of P 100 ppm 

General Management Statements ...... Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples shoud be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nttrogen out of the root zone. ...... Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases. converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. ..... Nutrient application should avoid areas sensitive to surface and ground water contamination. FoHow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
Fall application not recommended. 
Spring appHcation should be delayed until after the soil is comple1ely thawed. Consider split nttrogen appfrcations to inefude a preplant application and later apprication during early vegetative growth. 

Additional Planning Remarks 

Technrcal Service Provider Date Producer bate NRCS Date 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liabifity for any use of this worksheet outside of !he intended purpose. 
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000170

Name: Randy Melvin Tract I Field(s) ...,,Fl.,,.1e..,,ld_1_6 ______________ _ August 26, 2015 
County:_C_a_ss ________ _ Acres: -.6 .... 3 . ..;;..8 ___ _ 

Leaching and Soi I Surface Runoff Potential 

Soll Information 166 •I WYARD-HAMERLY LOAMS, 1TO3 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 less than 2 tons/acre/year • I Soil Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk 
1 Olsen <20 ;P-:i,-----~ Soil Test Phosphorous (STP) 
2 3-0-90 pounds/acre • I Phosphorous Fertilizer Application Rate (pounds P20 5/acre) from all Sources 

1 Injected or Subsurface Applied ___ ____!'.j Phosphorous Fertilizer I Manure Application Method 
1 200· 1000 feet • I Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

011ter Strips 

D:ontour Buffer Strips 

[):stabfished No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

5 Low !Phosphorous Index Rating 
requirements. 



000171

United States Dept. of Agricutture 
Natural Resources Conservation Service 

Name: Rand Melvin 

tjgf County: Cass 

Tract I Field Number(s): i.:F-'ie::::l:.::dc..1:..:6:.-----------' Date: 06130/15 
~-----~~ 

Acres: 63.8 Assisted By: 
E bl" sta 1sh reahstlc yield goals be ore attempting to use this soreadsh eet Nutrient requirements of a crop depend on the total production of that crop 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation f Crops YleldGoal Units N P20s K,O Soil Map Unit I Soll Map Unit Name I Surface Water Risk I Ground Water Risk 

Com, Grain 148 bushels 177.6 103.6 172.6 66 I WYARNIAAERLY LOAMS, 1 T03 PERCENT SLOPES I NA I NA 

Edible Beans 1476 pounds 73.8 34.1 51.1 

Sovbeans 37 bushels 0.0 57.4 81.4 

0 0.0 0.0 0.0 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 Soll Erosion by wind and water (tons/acrelyearj less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
PhOsphorous fertilizer appllcatlon rate (pounds P,O,.lacre) 30-90 poundsfacre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soll Test LbsJacre ppm Optional lnfonnation for Documentation Only Distance to Surface Water (feel) 200-1000 feet 

Date or 0-241n. (Olsen) ppm Best Management Practices Planned 
Field depth 0-61n. 0-Sin. T I I 

Number N p K,O pH O.M.% E.C. 
Field16 15 4 199 8 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 

Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac ehosphorotis: Maximum accumulation of P 150ppm 

General Management Statements ..... Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth Of each crnp 
in the rotation to reduce the risk ofleaching nHrate nitrogen out Of the root zone. ..... Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenhett. When soil temperatures are above 45 degrees Fahrenheit, microblal activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. ...... Nutrient application should avoid areas sensitive to surface and ground water contamination. FollOw federal, state and local guidelines for specific setbacks need to minimize Impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 

See management statements above. 

Additional Planning Remarks 

Technical service Provider Date PrOducer bate NRCS Date 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop f fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liabillty for any use of this worksheet outside Of the intended purpose. 
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Name: Randy Melvin Tract I Field(s) .-.F..;.;;ie;.;.;ld __ 1_7 ____________ _ August 26, 2015 
Coun~:_C_a_s_s _______ __ Acres: 83.1 ------

Leaching and Soil Surface Runoff Potential 

Soil Information ~---3 BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 fi~ss than 2 tons/acre/year •I soil Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk ·-- --··-· 

-;-")Soil Test Phosphorous (STP) 1 Olsen <20 ppm 

2 30-90 pounds/acre •I Phosphorous Fertilizer Application Rate (pounds PP:!acre) from all Sources 

1 Injected or Subsurface Applied __ _!] Phosphorous Fertilizer I Manure Application Method 
2 100·200 reet _____ """._) Dislance to Perman~;-Surface Water or Water Course 

Check all Best Management Practices that apply: 
[)::over or Green Manure Crop 

[)';1ter Strips 

[J:ontour Buffer Strips 

Dstablished No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

6 Low f Phosphorous Index Rating 
requirements. 



000173

Unned States Dept. of Agricutture 
Natural Resources Conservation Service 

Name: Randv Melvin 

County: Cass 

Tract J Field Number{s): 

Acres: 

Field 17 I Date: 06/30/15 

83.1 Assisted By: 
Establish realistic yield goals before attemptini:i to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

NO..CPA-343e(a) 
Revised 1/04 

Rotation I Crops YleldGoal Units N P20s K,O Soll Map Unit I Soil Map Unit Name I Surface Water Rlsk I Ground Water Risk 
Corn, Grain 148 bushels 177.6 103.6 172.6 14B I BARNES.BUSE LOAMS. 3 TO 6 PERCENT SLOPES I NA I NA 
Edible Beans 1476 pounds 73.8 34.1 51.1 

Sovbeans 37 bushels 0.0 57.4 81.4 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20ppm 
Phosphorous fertilizer application rate (pounds P,,OJacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Oplionai lnformalion for Documentation Only Distance to Surface Water (feet) 100-200feet 

Date or 0-241n. (Olsen) ppm Best Management Practices Planned 
Field depth 0-Sln. o.6in. I I I 

Number N p K,O pH 0.M.% E.C. 
Field17 42 8 239 7.7 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac Phosphorous: Maximum accumulation of P 150pom 

General Management Statements ...... Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. ...... Fan appficalion of anhydrous ammonia and urea should be delayed untH soil temperature is less than 45 degiees Fahrenheit When soil temperatuies aie above 45 degrees Fahienheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. ...... Nutrient appr.cation should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Plannini:i Remarks 

Technical Service Provider Date Producer Date NRCS bate 
This worksheet is intended to provide nuJrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Pagel Nutrient Management Planner 
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Name: Randy Melvin 
County:~c_a~s_s_~----

Tract I Field(s)_,F.,,,ie~ld-=-1_8 ________ _ 
Acres: 155.8 ------

August 26, 2015 

Leaching and Soil Surface Runoff Potential 

Soll Information J so YI HAMERL Y·TONKA LOAMS, 0 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 
Moderate Ground Water Risk Wetness 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient Management Planner'' sheet by clicking on the 
"Nutrient Management Planner'' tab below. Complete the Phosphorous Index below if agricultural waste will be applied to this field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABUSHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnQuts 
0 ~ess than 2 tons/acre/year !Jsoil Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk 

,.-------

·~ 1 Olsen < 20 ppm . Y Soil Test Phosphorous (STP) 
2 30-90 pounds/acre • Phosphorous Fertilizer Appfication Rate (pounds P20sfacre} from all Sources 

1 Injected or Subsurface Applied ------··-... --3 Phosphorous Fertilizer I Manure Application Method 

0 greater than 1000 feet • I Distance to Permanent Surface Water or Water Course 
cneck all Best Management Practices tnat apply: 
(]:over or Green Manure Crop 

[}liter Strips 

O;ontour Buffer Strips 

[}stabllshEd No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low !Phosphorous Index Rating 
requirements. 



000175

United States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Rand Melvin 

HELP County: Cass 

Tract I Field Number(s}: i.:.F..::ie::.:l.::d...:1~8-----------l Date: __ 0_613_0'"""1"'"15"---

Assisted By: Acres: 155.8 
eet. Nutri Establish realistic yield i:ioals before attempting to use this spreadsh ent requirements of a crop deoend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

NO.CPA-343e(a) 
Revised 1/04 

Rotation I Crops YleldGoal Units N P20s K20 Soil Map Unit I Soll Map Unit Name I Surface Water Risk I Ground Water Risk 

Com, Grain 141 bushels 169.2 98.7 164.4 50 I HAMERLY-TONKA LOAMS, 0 TO 3 PERCENT SLOPES I NA I Moderale 

Edible 8$ans 1476 pounds 73.8 34.1 51.1 

SovhAans 37 bushels 0.0 57.4 81.4 
0 0.0 0.0 0.0 

NUTRIENTRISKASSESSMENT INFORMATION 
0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 lons/acrelyear 

0 0.0 0.0 0.0 Soll Test Phosphorous {P) ppm Olsen <20 ppm 

Phosphorous fertilizer appllcalion rate (pounds P,0/acre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer appllcatlon method Injected or Subsurface Applied 

Soil Test Lbs./ acre ppm Optional Information for Documentalion Only Distance to Surface Waler (feel) greater than 1000 feet 

Date or 0-241n. (Olsen) ppm Best Management Practices Planned 
Field depth 0-&ln. 0-6 in. I I I 

Number 
N p K.O pH O.M.% E.C. 

Field18 46 4 196 8 3 1 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENTCONSIDERAT:IONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 150 lbs.lac Phospborous: Maximum accumulation of P 125 ppm 

General Management Statements 

-.. Soil testing should be completed at least every olher year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. 

-.. Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial actMty 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. 

-.. Nutrient appHcation should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize offslte impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
Consider split nilrogen applications to inciude a preplant application and later application during early vegetative growth. 

Additional Planning Remarks 

Technical service Provider Date Producer Date NRCS Date 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources ConseJVation Service assumes no 
liabiltty for any use of this worksheet outside of the intended purpose. 

·· .. = ... 

·' .. : 
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Name: Randy Melvin Tract I Field(s) ..:..F..:..:ie;.;..;ld;;....;;.;19'---------
Acres: 148.8 

August 26, 2015 
County: _C...;;a""'s-'-s ____ _ ------

Leaching and Soil Surface Runoff Potential 

Soil Information I so =o!J HAMERLY-TONKA LOAMS, 0 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 
Moderate Ground Water Risk Wetness 

See "Management Considerations to Address Soil Surface Runoff or Leaching Concerns" on the "Nutrient Management Planner' sheet by clicking on the 
"Nutrient Management Planner' tab below. Complete the Phosphorous Index below if agricultural waste will be applied to this .field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HA VE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score In outs 

0 less than 2 tons/acre/year •I soil Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk 
1 ~en <20ppm --;-i Seil Test Phosphorous (STP) 
2 30-90 pounds/acre '• I Phosphorous Fertilizer Application Rate (pounds P20 5facre) from all Sources 

1 Injected or Subsurface Applied _ . _ • I Phosphorous Fertilizer I Manure Application Method 

0 greater than 1000 feet "'fDistance to Permanent Surface Water or Water Course 
Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

DllterStrips 

[J:;ontour Buffer Strips 

[):stablished No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low !Phosphorous Index Rating 
requirements. 



000177

Untted States Dept. of AgricuHure 
Natural Resources Conservation Service 

Name: Randv Melvin 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field 19 I Date: 06/30/15 

148.8 Assisted By: 
Establish realistic Yield goals before attemptina to use this spreadsheet. Nutrient requirements of a crop deoend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING<UNITINFORMATION 
.· 

ND-CPA·343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20 5 K20 Soil Map Unit l Soll Map Unit Name J Surface Water Risk J Ground Water Risk 
Com, Grain 141 bushels 169.2 96.7 164.4 50 I HAMERLY-TONICA LOAMS, OTO 3 PERCENT SLOPES I NA I Moderate 
Edible Beans 1476 pounds 73.8 34.1 51.1 
SovhMns 37 bushels 0.0 57.4 61.4 NUTRIENT RISK ASSESSMENT INFORMATION 

0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acrelyear) less than 2 Ions/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P,Oo/acre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soll Test LbsJacre ppm Optional lnformalion fOr Documentation Only Distance to Surface Water (feet) greatar than 1000 feet 
Date or 0-24ln. (Olsen) ppm mmho/cm Best Management Practices Planned 

Fleld depth 0-6 in. ~in. I I I Number N p K,O pH 0.M.% E.C. 
Field 19 36 10 231 8 3.9 1.9 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERAJlqNS . 

Nutrient Thresholds Nitrogen: Maximum accumulation of N 150 lbs.lac · .. ·. ·. Phosphotc>us: Maximum accumulation of P 125 ppm 

General Management Statements ...... Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting de(l1h of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. ...... Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. ...... Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
Consider spm nitrogen applications to include a preplant application and later application during early vegetative growth. 

Additional Planning Remarks 

Technical Service Provider Date Producer uate NRCS Date 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liabirrty for any use of this worksheet outside of the intended purpose. 

Page 1 Nutrient Management Planner 
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Name: Randy Melvin Tract I Field(s) .;,F,,:;:ie:..:,;ld:..:2::;0:;._ _________ _ August 26, 2015 
Coun~:_c_a_ss _______ _ Acres: ....;.5"'""7;..;;.6 ___ _ 

Leaching and Soil Surface Runoff Potential 

Soil Information ~-- '1: I WY ARD-HAMERLY LOAMS, 1 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concem for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HA VE BEEN ESTABUSHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score Inputs 

0 less than 2 tons/acre/year •Ison Erosion by Wind and Water in (tons/acre/year) 
0 NA Surface Water Risk 
1 -;:;sen <20 ppm----~ Soil Test Phosphorous (STP) 

2 30-90 pounds/acre • I Phosphorous Fertilizer Application Rate (pounds P205'acre) from all Sources 

1 Injected or Subsurface Applied 3 Phosphorous Fertilizer I Manure Application Method 

3 20-lOOfeet • I Distan~~ to Permanent Surface Water or Water Course 
Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

DilterStrips 

CJ:ontour Buffer Strips 

O:stabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

7 Low !Phosphorous Index Rating 
requirements. 



000179

Untted States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Randv Melvin 

County: Cass 

Tract/ Field Number(s): 

Acres: 

Field20 I Date: 06130/15 

57.6 Assisted By: 
Establish realistic vield Qoals before attempting to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P205 K20 Soil Map Unit I Soil Map Unit Name l Surface Water Risk I Ground Water Risk 
Com, Grain 141 bushels 169.2 98.7 164.4 66 I WYARD-HAMERLY LOAMS, I TO 3 PERCENT SLOPES I NA I NA 
Edible Beans 1476 pounds 73.B 34.1 51.1 

So•beans 37 bushels 0.0 57.4 61.4 NUTRIENT RISK ASSESSMENTINFORMATION 0 0.0 0.0 0.0 
0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertlllzer appl1catlon rate (pounds P,O,Jacre) 30 90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertlllzer application method Injected or Subsurface Applied 

Soll Test LbsJacre ppm Optional Information for Documentation Only Distance to Surface Water (feet) 20.100feet 

Date or 0-24in. (Olsen) ppm mmho/cm Best Management Practices Planned 
Field depth 0-6 In. ~in. T I I 

Number N p K20 pH O.M.% E.C. 
Field20 10 3 170 8 2.7 1.75 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 

Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrieht Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac Ph()sphorous: Maximum accumulation of P 150ppm 

General Management Statements 

_.. Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. 

_.. Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nttrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. 

_.. Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize offsite impacts by poteniaUy offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 

See management statements above. 

Additional Planning Remarks 

technical service Provider Date Producer Date NRCS bate 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT Intended to provide crop I fertmzer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Pagel Nutrient Management Planner 
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Name: Randy Melvin Tract I Field(s) ..;...F.;.:;ie""'ld;...;:2::...;1'---------
Acres: 107. 7 

August 26, 2015 
County:_C~a~s~s _____ _ ------

Leaching and Soil Surface Runoff Potential 

Soll Information I 14s •I BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALJTY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABUSHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnnuts 

0 less than 2 tons/acre/year • I Soil Erosion by Wind and Water in (tons/acrefyear) 

0 NA Surface Water Risk 

1 ·;lsen <20 ppm ···---~Soil Test Phosphorous (STP) 

2 30·90 pounds/acre • I Phosphorous Fertilizer Appfication Rate (pounds P20sfacre) from all Sources 

1 Injected or Subsurface Applied =-:!] Phosphorous Fertilizer I Manure Application Method 

3 20·100 feet • I Distance to Perm~~~~! Surface Water or Water Course 
Check all Best Management Practices that apply: 
[)::over or Green Manure Crop 

[}11ter Strips 

O:ontour Buffer Strips 

[}:stabllshed No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

7 Low !Phosphorous Index Rating 
requirements. 



000181

Un~ed States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Randy Melvin 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field 21 I Date: 06/30/15 

107.7 Assisted By: 
Establish realistic vield Qoals before attempting to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING .UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20 5 KP Soll Map Unit I Soil Map Unit Name I Surface Water Risk I Ground Water Risk 

Com.Grain 141 bushels 169.2 98.7 164.4 148 I BARNES.BUSE LOAMS. ~TO 6 PERCENT SLOPES I NA I NA 

Edible Beans 1476 pounds 73.8 34.1 51.1 

Sovbeans 37 bushels 0.0 57.4 81.4 NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less lhan 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer applu:ation rate (pounds P,,Oo/acre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbaJacre ppm Optional Information for Documentation Only Distance to Surface Water (feet) 20-100feet 

Date or 0-24in. (Olsen) ppm Best Management Practices Planned 
Field depth 0-6 In. 0-6 in. I I I 

Number N p K20 pH 0.M.% E.C. 
Field21 28 4 166 7.9 2.2 1.5 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac Phospho~ous: Maximum accumulation of P 150ppm 

General Management Statements 
_.. Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 

in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. ...... Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial actiWy 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. ...... Nutrient application should avoid areas sensilive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure applications to minimize offsile impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical Se!Vlce ProVJder Date Producer Date NRCS bate 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop /fertifizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Paga 1 Nutrient Management Planner 
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Name: Tim Bernston Tract I Field(s)...,,F..,,.ie.,..ld..,,.2_2 ________ _ August 26, 2015 
Coun~:_C_a_s_s ____ _ Acres: _2_68"-.8"-----

Leaching and Soil Surface Runoff Potential 

Soll Information I 146 3 BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnouts 

0 less than 2 tons/acre/year • I Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 

1 01se-;;-;20 ppm ---~Soil Test Phosphorous (STP) 

2 30·90 pounds/acre • I Phosphorous Fertilizer Application Rate (pounds P20sfacre) from all Sources 

1 Injected or Subsurface Applied ------------- ---- ____ :.!] Phosphorous Fertilizer I Manure Application Method 

0 greater than 1000 reet • J Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

[}11terStr1ps 

O:ontnur Bulfer Strips 

[):stabUshed NO·till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low !Phosphorous Index Rating 
requirements. 



000183

Untted States Dept. of Agrtcutture 
Natural Resources ConseNation SeNice 

Name: Tim Bemston 

Countv: Cass 

Tract/ Field Number(s): 

Acres: 

Field22 l Date: 06130/15 

268.8 Assisted By: 
Establish realistic vield goals before attempting to use this spreadsheet. Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yleld Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA·343e{a) 
Revised 1104 

Rotation I Crops Yield Goal Units N PzOs K.0 Soil Map Unit I Soll Map Unit Nama I Surface Water Risk I Ground Water Risk 

Corn, Grain 162 bushels 194.4 113.4 188.9 148 I SARNES.BUSE LOAMS, 3 TO 6 PERCENT SI.OPES I NA I NA 

Soybeans 37 bushels 0.0 57.4 81.4 

a a.a 0.0 a.a NUTRIENT RISK ASSESSMENTINFORMATION 
0 a.o a.a a.a 

0 0.0 0.0 0.0 Soil Erosion by wind and water (tons/acre/year) less than 2 tons/acre/year 

0 0.0 a.o 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P o.tacre) ' 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soil Test LbsJacre ppm Optional Information for Documentation Only Distance to Surface Water (feet) greater than 1000 feet 

Date or 0-24in. (Olsen) ppm mmholcm Best Management Practices Planned 
Field depth 0-6in. 0-6 in. I I I 

Number N p K20 pH O.M.% E.C. 
Field22 42 10 125 7.8 3.8 1.25 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac 

, __ 

.- Phosphorous: Maximum accumulation of P 150ppm 

General Manaaement Statements - Soil testing should be completed at least every other year to monitor nitrogen and at leaS1 once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
In the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. - Fall application of anhydrous ammonia and urea should be delayed until sotl temperature is less than 45 degrees Fahrenheit When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nttrogen (N03). Nitrate-nitrogen is a very mobile form of nttrogen and can leach below the crop root zone. - Nutrtent application should avoid areas sensitive to surface and ground water contamination. Follow federal, Slate and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize off site impacts by potenialiy offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical service Provider bale Producer Date NRCS bate 
This worksheet is Intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources ConseNation SeNice assumes no 

liablltty for any use of this worksheet outside of the intended purpose. 

Page 1 Nutrtent Management Planner 
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Name: Tim Bernston Tract I Field(s) ..:,F.:,,:ie""ld:,,;2:::.;3"'---------- August 26, 2015 
County:_c_a_ss _____ _ Acres: .;..;2""'"61"'-.9,;;__ __ _ 

Leaching and Soil Surface Runoff Potential 

Soil Information Im •I BARNES-SVEA LOAMS, 2 TO 5 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score ln~uts ____ 

0 [less than 2 tons/acre/ye~r3Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk 
--------~ 1 Olsen <20 ppm • Soil Test Phosphorous (STP} 

2 30-90 pounds/acre • Phosphorous Fertilizer Application Rate (pounds P20sfacre} from all Sources 

1 Injected or Subsurface Applied __________ =:i'] Phosphorous Fertilizer I Manure Application Method 

0 greater than 1000 feet • I Distance to Pennanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 

[}liter strips 

[]::ootour Buffer strips 

[}"stab!ished No-tiff System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low I Phosphorous Index Rating 
requirements. 



000185

United States Dept of Agriculture 
Natural Resources Conservation Service 

Name: Tim Bernston 

County: Cass 

Tract I Field Number(s): 

Acres: 

Field 23 I Date: 06/30/15 

261.9 Assisted By: 
Establish realistic vield aoals before attempting to use this spreadsheet Nutrient requirements of a crop depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

ND-CPA-343e(a) 
Revised 1/04 

Rotation I crops Yield Goal Units N P20o K:iO Soll Map Unit I Soil Map Unit Name I Surface Water Rlsk I Ground Water Risk 
Com.Grain 162 bushels 194.4 113.4 188.9 178 I llAPNEs.511EALOAMS. 2TO 5 PERCENT SI.OPES I NA I NA 

Soybeans 37 bushels 0.0 57.4 81.4 

Edible Beans 1476 oounds 73.8 34.1 51.1 NUTRIENT RISK ASSESSMENT INFORMATION 0 0.0 0.0 0.0 

0 0.0 0.0 0.0 Soll Erosion by wind and -ter (Ions/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soll Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P,o.tacre) 30..90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer appllcatlon methOd Injected or Subsurface Applied 

Soil Test LbsJacre ppm Optional Information for Documentation Only Distance to Surface Water (feet) greater than 1000 feet 

Date or 0-24in. (Olsen) ppm mmho/cm Best Management Practices Pfannad 
Field depth 0-6in. O.S in. T I I 

Number N p K20 pH O.M.% E.C. 
Field23 29 7 141 8 3.2 1.12 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac · Pbosphor<>us: Maximum accumulation of P 150ppm 

General Management Statements - Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. - Fall application of anhydrous ammonia and urea should be delayed until soil temperature is less than 45 degrees Fahrenheit When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nttrogen and can leach below the crop root zone. - Nutrient appficatlon should avoid areas sensitive to surface and ground water contamination. Follow federal. state and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize offsile impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance lo water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical Service Provider bate Producer Date NRCS bate 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop !fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Page 1 Nutrient Management Planner 
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Name: Tim Bemston Tract I Field(s) °"'F~ie;;,,:ld::....:2::..;4'---------- August 26, 2015 
Coun~:_C_a_ss _____ _ Acres: _2_7 ____ _ 

Leaching and Soil Surface Runoff Potential 

Soil Information 166 ... ] WYARD-HAMERLY LOAMS, 1 TO 3 PERCENT SLOPES 

NA Surface Water Risk NA 
NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score lnDUts 

0 less than 2 tonsracre/year _ _'!'_]Soil Erosion by Wind and Water in (tons/acre/year) 

0 NA Surface Water Risk ----------·-
~Soil Test Phosphorous (STP) 1 Olsen < 20 ppm 

2 30-90 _pounds/acre · .., , Phosphorous Fertilizer Application Rate (pounds P20sfacre) from all Sources 

1 Injected or Subsurface Applied 
--------------

-;i Phosphorous Fertilizer I Manure Application Method 

0 greater than 1000 feet _'."'.'._) Distance to Permanent Surface Water or Water Course 

Check all Best Management Practices that apply: 
[):over or Green Manure Crop 
[}liter Strips 

[):ontour Buffer Strips 

Dstablished No-till System 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low I Phosphorous Index Rating 
requirements. 



000187

United States Dept of Agriculture 
Natural Resources Conservation Service 

Name: Tim Bernston 

HELP County: Cass 

Tract I Field Number(s): 1-F_ie_l.._d.._2_,4.--_______ _. Date: __ 0""'6""/3~0_11-"5 __ 

Acres: 27 Assisted By: 
Estabr h IS realistic yield goa s be ore attemptinq to use this spreadsh eet. Nutrient requirements of a cro depend on the total production of that crop. 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING. UNIT INFORMATION 
Rotation I Crops YleldGoal Units N P20 5 K20 Soil Map Unit Soll Map Unit Name Surface Water Risk 

Com, Grain 140 bushels 166.0 96.0 163.2 66 WVARD-HAMERLYLOAMS, 1 TOl PERCENT SLOPES NA 

Sovbeans 37 bushels 0.0 57.4 81.4 

ND-CPA-343e(a) 
Revised 1104 

Ground Water Risk 
NA 

Corn Grain 162 bushels 194.4 113.4 188.9 
0 0.0 0.0 0.0 

NUTRIENT RISK ASSESSMENT INFORMATION 
0 0.0 0.0 0.0 Soil Erosion by wind and water {tons/acre/year) less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soil Test Phosphorous (P) ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P,.OoJacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application method Injected or Subsurface Applied 

Soll Test lbsJacre ppm Oplional Information for Documentation Only Distance to Surface Water (feet) greater than 1000 feet 

Date or 0-24in. (Olsen) ppm mmho/cm Best Management Practices Planned 
Field depth 0-6in. 0-6 in. I I I 

Number N p K20 pH 0.M.% E.C. 
Field24 30 10 144 8 3 1.33 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac PhOsphorous: Maximum accumulation of P 150ppm 

General Management Statements ...... Soil testing should be completed at least every other year to monttor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nttrate nttrogen out of the root zone. - Fall application of anhydrous ammonia and urea should be delayed unbl soil temperature is less than 45 degrees Fahrenheit. When soil temperatures are above 45 degrees Fahrenheit, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nttrate-nttrogen is a very mobile form of nitrogen and can leach below the crop root zone. ...... Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas . 
Schedule manure appfications to minimize olfsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical Service Provider bate Producer Date NRCS Date 
This worksheet Is intended to provide nutrient and resource assessments. This worksheet is NOT Intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Page1 Nutrient Management Planner 



000188

Name: Tim Bemston Tract I Fiefd(s) ....,F-=ie"'"fd_2_5 ________ _ August 26, 2015 
County: _C_a....;.s-'-s ____ _ Acres: _1_50 ____ _ 

Leaching and Soil Surface Runoff Potential 

Soll Information I 148 =:Tl BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES 

NA Surface Water Risk NA 

NA Ground Water Risk NA 

The potential for runoff and leaching is not a concern for this soil map unit. Complete the Phosphorous Index below if agricultural waste will be applied to this 
field. 

Phosphorus Risk Screening Tool 

Phosphorous Index 
HELP 
THE PHOSPHORUS INDEX IS NOT INTENDED TO BE AN EVALUATION SCALE FOR DETERMINING WHETHER LANDUSERS ARE 
ABIDING WITHIN WATER QUALITY OR NUTRIENT MANAGEMENT STANDARDS THAT HAVE BEEN ESTABLISHED BY LOCAL, 
STATE, OR FEDERAL AGENCIES. 

Score ln~uts 

0 [t;$S than 2 tons/acre/year "3soil Erosion by Wind and Water in (tons/acre/year} 

0 NA Surface Water Risk --- ----------~~ 

1 Olsen <20 ppm __ .,.. Soil Test Phosphorous (STP} 

2 30·90 pounds/acre .,.. Phosphorous Fertilizer Application Rate (pounds P20sfacre) from all Sources 

1 lnje~~d or Subsurface Applied ____ _____ •] Phosphorous Fertilizer I Manure Application Method 

0 greater than 1000 feet • I Distance to Permanent Surface Water or Water Course 

Checl< all Best Management Practices that apply: 
[}'.:over or Green Manure Crop 

Outer Strips 

O:ontour Buffer Strips 

[):stablished No-till 5)'5tem 

0 Best Management Practice Credit Total This field has a LOW potential for off-site P movement. Organic 
nutrient application rates may be calculated according to crop nitrogen 

4 Low !Phosphorous Index Rating 
requirements. 
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Untted States Dept. of Agriculture 
Natural Resources Conservation Service 

Name: Tim Bernston 

HELP County: Cass 

Tract I Field Number(s): i.:.F..:.ie::.:lc::d..::2:.::5~ _______ ____. Date: __ 0""""6"'"/3"""0_11.....;5'---

Acres: 150 Assisted By: 
E tab!" h s IS realistic yield goals before attempting to use this spreadsh eet. Nutrient requirements of a crop depend on the total production of that crop 

CROPS & YIELDS Required Nutrients for Yield Goal SOIL MAPPING UNIT INFORMATION 

NO..CPA-343e(a) 
Revised 1/04 

Rotation I Crops Yield Goal Units N P20s K,O Soil Map Unit I Soil Map Unit Name I Surface Water Risk I Ground Water Risk 
Com, Grain 150 bushels 180.0 105.0 174.9 148 I BARNES-BUSE LOAMS, 3 TO 6 PERCENT SLOPES I NA I NA 

Soybeans 37 bushels 0.0 57.4 81.4 
Com.Grain 156 bushels 187.2 109.2 181.9 

0 0.0 0.0 0.0 
NUTRIENT RISK ASSESSMENT INFORMATION 

0 0.0 0.0 0.0 Soll Erosion by wind and water (tons/acre/year} less than 2 tons/acre/year 

0 0.0 0.0 0.0 Soll Test Phosphorous (Pl ppm Olsen <20 ppm 
Phosphorous fertilizer application rate (pounds P,OJacre) 30-90 pounds/acre 

SOIL TEST INFORMATION Phosphorous fertilizer application mathod Injected or Subsurface Applied 

Soll Test LbsJacre ppm Optional Information for Documentation Only Distance to Surface Water (feet} greater lhen 1000 feet 

Date or 0-241n. (Olsen) ppm mmho/cm Best Management Practices Planned 
Field depth O.Sln. Q.6 in. I I I 

Number N p K,O pH 0.M.% E.C. 
Field25 57 8 152 8 3 1.5 

PHOSPHOROUS INDEX This field has a LOW potential for off-site P movement. 
Organic nutrient application rates may be calculated 

Low 
according to crop nitrogen requirements. 

MANAGEMENT CONSIDERATIONS 
Nutrient Thresholds Nitrogen: Maximum accumulation of N 180 lbs.lac 

' 
Ph~sphorous: Maximum accumulation of P 150ppm 

General Manaaement Statements - Soil tes1ing should be completed at least every other year to monitor nitrogen and at least once every five years to monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop 
in the rotation to reduce the risk of leaching nitrate nitrogen out of the root zone. - Fall appfication of anhydrous ammonia and urea should be delayed until soil temperature ls less than 45 degrees Fahrenhett. When soil temperatures are above 45 degrees Fahrenhett, microbial activity 
increases, converting ammonia to nitrate-nitrogen (N03). Nitrate-nitrogen is a very mobile form of nitrogen and can leach below the crop root zone. - Nutrient application should avoid areas sensitive to surface and ground water contamination. Follow federal, state and local guidelines for specific setbacks need to minimize impacts to sensitive areas. 
Schedule manure applications to minimize offsite impacts by potenially offensive odors. Drainage (surface and subsurface) should be considered when evaluating distance to water. 

Site Specific Nutrient Management Considerations 
See management statements above. 

Additional Planning Remarks 

Technical service Provider uate Producer Date NRCS bale 
This worksheet is intended to provide nutrient and resource assessments. This worksheet is NOT intended to provide crop I fertilizer recommendations. The Natural Resources Conservation Service assumes no 
liability for any use of this worksheet outside of the intended purpose. 

Page1 Nutrient Management Planner 
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e 
Rolling Green Family Farms RE, LLP 

Cass County, ND 

Plan Year: 2016 

Part 1: Field Information 
1 2 

Legal 

Field# Description 

1 
NW 1/4,S 5, T 
141N,R85W 

2 
SE 1/4, S 5, T 
141N,R85W 

3 
NWl/4,S 6, T 
141N,R85W 

4 
NW l/4,S6, T 
141 N,R85 W 

5 
SE 114, S 7, T 
141 N,R85 W 

6 
NW 1/4,S 18, T 
141N,R85W 

7&8 
N 1/2,S 18, T 
141N,R85 W 

9 
NE 1/4, S 18, T 
141 N,R85 W 

10 
NE 1/4,S 32, T 
141N,R85W 

11 
SE 1/4 S 10, T 
140N,R55W 

12 
NW 114 S 14, T 
139N,R55W 

13 
S 11, T 140N, 

R55W 

14 
S 11, T 140N, 

R55W 

Total= 

DeHaan, Grabs Associates, LLC 

Developed by: Nathan Pesta 

3 4 

QJ 

::c 
Ill "'C 

QJ "'C ..... Ill Ill Ill QJ QJ tlO .._ .._ 
·;::: a. u 

(/) <l: .._ 

204.92 

75.6 

156.4 

39.3 

243.5 

78 

141.2 

150. l 

140.2 

158 

112.3 

376.3 

70.9 

1,946.7 

5 6 

Ill Ill .._ .._ 
Ill Ill 
QJ QJ 

>- >-
111 111 
/\ v 

i7 i7 
0 0 
z z 

7 8 9 

Nutrient Management Plan 
For ND Livestock Operations 

10 11 " 12 13 14 

Current Soil Tested: 2014 and 2015 Previous Year Planning Year (2013 

N lb/Ac (0-2' 

24 

41 

35 

27 

21 

28 

37 

45 

28 

12 

44 

37 

73 

Phosphorus 

(ppm)( Olsen)( Potassium Organic Crop Yield, 
0-6") (ppm K) Matter Crop lb, bu, ton Crop 

2 182 3.1 
Corn, Grain 146 Soybean 

2 150 3.5 
Soybean 37 Corn, Grain 

3 132 3 
Soybean 37 Corn, Grain 

6 176 3.1 
Corn, Grain 146 Soybean 

7 221 3.2 
Corn, Grain 123 Soybean 

4 166 2.3 
Soybean 37 Corn, Grain 

6 278 
Corn, Grain 140 Soybean 

5 238 
Soybean 37 Corn, Grain 

6 195 4.1 
Soybean 37 Corn, Grain 

19 383 4 
Corn, Grain 128 Soybean 

6 242 4.4 
Soybean 37 Corn, Grain 

5 205 3 
Corn, Grain 132.0 Soybean 

5 174 3.4 
Corn, Grain 134.0 Soybean 

References: Estimating Manure Nutrient A vailabilty: MF-2562 

North Dakota Fertilizer Recommendation Tables and Equations, SF 882 (Revised) 

North Dakota Manure Fertilizer Use Recommendations, NM-1629 

Crop Yield, 

lb, bu, 

ton/acre 

37 

141 

141 

37 

37 

141 

37 

140 

141 

37 

141 

37 

37 

ND Nutrient Planner 

Part 3. Planned Nutrient Application 

15 16 17 18 19 " 20 

1
'
2
Nutrient Recommendation 

c: 
0 Type of Manure and Equipment :;:; 

N (lb/A) 

0 

168 

174 

0 

0 

181 

0 

163 

181 

0 

165 

0 

0 

Ill 
(SF-882) .!::! Used 

0.. 
P20s a. 

<l: c: (lb/ac) QJ 0 .._ 
K20 :::s "'C 

(broadcast c: QJ Type of 
Ill Ill 
Ill ) (lb/ac) ~ Manure Application Method cc 

1.0 x Crop N Liquid 

47 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

86 10 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

80 29 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

26 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

21 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

74 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

26 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

67 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

61 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

0 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

61 0 Removal Manure Sweep Injected 

1.0x Crop N Liquid 

31 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

31 0 Removal Manure Sweep Injected 

11t is recommended to band 15 lbs P20 5 for Wheat with the starter 

fertilizer. 
LReduce P20 5 and KzO by 1/3 if fertilizer is banded 
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Rolling Green Family Farms Rf!tLP 

Cass County, ND 

Plan Year: 2016 

Part 1: Field Information 
1 2 

Legal 

Field# Description 

lS 
S 11, T 140N, 

RSSW 

16 
NE 1/4 S 2, T 
139N,RSS W 

17 
NE 1/4 S 2, T 
139N,RSS W 

18 
E 1/2 S 4, T 139 

N,RSSW 

19 
E 112 S 4, T 139 

N,RSSW 
S 112 SE 1/4 S 

20 11, T 139N,R 
SSW 

21 
NW 1/4 S 12, T 
139N,RSSW 

22 
S29, T 140N, 

RS4W 

23 
S 29, T 140N, 

RS4W 

24 
S 29, T 140N, 

RS4W 

2S 
NE 1/4 S 32, T 
140N,RS4 W 

Total= 

DeHaan, Grabs Associates, LLC 

Developed by: Nathan Pesta 

3 4 

Q) 

:c -c ro 
-c Q) 

ro V> ..... 
Q) Q) ro 

DD ..... ..... ·;:: a. u 
Vl <( ..... -

41.2 

63.8 

83.1 

lSS.8 

148.8 

S7.6 

107.7 

268.8 

261.9 

27 

lSO 

l,36S.7 

5 6 

"' "' ..... ..... 
ro ro 
Q) Q) 

>- >-
I.I) I.I) 

I\ v 

i= i= 
I I 

0 0 z z 

.. 

7 8 9 

Current Soil Tested 

Phosphorus 

(ppm)(Olsen)( Potassium 

N lb/Ac (0-2' 0-6") (ppm K) 

81 8 239 

lS 4 199 

42 8 239 

46 4 196 

36 IO 231 

IO 3 170 

28 4 166 

42 IO 12S 

29 7 141 

30 10 144 

S7 8 1S2 

Nutrient Management Plan 
For ND Livestock Operations 

10 11 12 13 14 

Previous Year Planning Year (2016) 

Crop Yield, 

Organic Crop Yield, lb, bu, 

Matter Crop lb, bu, ton Crop ton/acre 

S.l 
Soybean 37 Corn, Grain 141 

2.6 
Corn, Grain 156 Soybean 37 

3 
Soybean 37 Corn, Grain 160 

3.7 
Soybean 37 Corn, Grain 140 

3.9 
Corn, Grain 134 Soybean 37 

2.7 
Corn, Grain 127 Soybean 37 

2.2 
Soybean 37 Corn, Grain 140 

3.8 
Corn, Grain 185 Soybean 37 

3.2 
Soybean 37 Corn, Grain 160 

3 
Corn, Grain 185 Soybean 37 

3 
Corn, Grain 153 Soybean 37 

References: Estimating Manure Nutrient Availabilty: :tvlF-2S62 

North Dakota Fertilizer Recommendation Tables and Equations, SF 882 (Revised) 

North Dakota Manure Fertilizer Use Recommendations, NM-1629 

ND Nutrient Planner 

Part 3. Planned Nutrient Application 

15 16 17 18 19 20 

1
'
2Nutrient Recommendation 

c 
0 Type of Manure and Equipment :;::; 

N (lb/A) 

128 

0 

190 

162 

0 

0 

180 

0 

203 

0 

0 

0 

0 

ro 
(SF-882) Used -~ a. 

PzOs a. 
<( 

(lb/ac) 
c 

Q) 0 ..... 
(broadcast KP :::s -c Type of c Q) 

"' ro 
). (lb/ac) ~ 

ro Manure Application Method r:o 

1.0 x Crop N Liquid 

49 0 Removal Manure Sweep Injected 

1.0x Crop N Liquid 

37 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

56 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

73 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

6 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

42 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

73 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

6 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

63 22 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 

6 0 Removal Manure Sweep Injected 

1.0 x Crop N Liquid 
16 0 Removal Manure Sweep Injected 

0 0 

0 0 

1
1t is recommended to band 15 lbs P20 5 for Wheat with the starter 

fertilizer. 
'Reduce P20 5 and KP by 1/3 if fertilizer is banded 
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e 
Rolling Green Family Farms RE, LLP 

Cass County, ND 

Part 3. Planned Nutrient Application 
1 21 22 23 24 25 26 27 28 

Solids (lbs/ton,) Liquid (lbs/acre-

ASAE,2005,D in), PART 651 

384.2 Table 4-16 Manure Application 

E E Available N (First 
z .:::! z .:::! N Credit, (Prior year Crop Year) .!:! c: .!:! c: o- 0 c: c: and year before lbs/ton or ro E "' 

ro E "' llO E 9. llO E 9. Field# 
.._ .._ 

that) (lbs/acre) lbs/acre-in 0 <( z 0.. 0 <( z 0.. 

1 
0 0 0 270 185 416.9 0 266.28 

2 
0 0 0 270 185 416.9 0 266.28 

3 
0 0 0 270 185 416.9 0 266.28 

4 
0 0 0 270 185 416.9 0 266.28 

5 
0 0 0 270 185 416.9 0 266.28 

6 
0 0 0 270 185 416.9 0 266.28 

7&8 
0 0 0 270 185 416.9 0 266.28 

9 
0 0 0 270 185 416.9 0 266.28 

10 
0 0 0 270 185 416.9 0 266.28 

11 
0 0 0 270 185 416.9 0 266.28 

12 
0 0 0 270 185 416.9 0 266.28 

13 
0 0 0 270 185 416.9 0 266.28 

14 
185 416.9 0 0 0 0 270 266.28 

Nutrient Management Plan 

For ND Livestock Operations 

Plan Year: 2013 

29 30 31 32 

Maximum Manure 

Applied Manure Applied 
.._ Time Period 
Q) 
0. When .._ .._ 

c: 0 c: 
Tons/Acre or acre-

0 ., ., 
Vl Q) Vl Q) -0 Manure 
c: .._ c: .._ Q) 

in/acre 0 u 0 u Applied I- <( I- <( u: 

0.52 0 0.0 Spring 

0.63 0.5 37.8 Spring 

0.65 0.5 78.2 Spring 

0.52 0 0.0 Spring 

0.52 0 0.0 Spring 

0.68 0.5 39.0 Spring 

0.52 0 0.0 Spring 

0.61 0.5 75.1 Spring 

0.68 0.5 70.1 Spring 

0.52 0 0.0 Spring 

0.62 0.25 28.l Spring 
c 

0.52 0 0.0 Spring 

0.52 0 0.0 Spring 

33 34 35 36 37 38 
Manure Commercial 

Application Application Total 

(lbs/acre) lbs/acre lbs/acre 

"' "' "' 0 0 0 
N N N N N N 

0.. 0.. 0.. 

0.0 0 0 47.0 0 47 

133.1 0 35.06 86.3 168 86.3 

133.1 0 41.06 80.1 174 80.1 

0.0 0 0 26.3 0 26.3 

0.0 0 0 21.1 0 21.1 

133.1 0 48.06 73.9 181 73.9 

0.0 0 0 26.3 0 26.3 

133.1 0 29.86 67.2 163 67.2 

133.1 0 48.06 61.5 181 61.5 

0.0 0 0 0.0 0 0 

66.6 0 98.63 61.5 165 61.5 

0.0 0 0 31.5 0 31.5 

0.0 0 0 31.5 0 31.5 

Note: Column 28. shows the estimated manure application for each field for the Plan year Total Nutrient Removal from Crops (lbs)= 

DeHaan, Grabs Associates, LLC 

Developed by: Nathan Pesta 

Total Estimated Liquid Ei11uent for Spreading =1 
Total Esitmated Manure for Spreading= 

318.1 'Acre-Inch 
o.oo Tons 

Total Planned Liquid Ei11uent for spreading ~1 328.2 rcre-Inch 

Total Planned Manure for spreading= 0.0 Tons 

ND Nutrient Planner 

Part 5. Nutrient Balance 
39 40 41 42 

Crop Removal 

(lb/ac) Soil Nutrient Balance 

z 
-0 -0 
OJ OJ Nitrogen P20s ..... ..... 
Ill Ill 

E E "' Balance Balance 
:;::; ·.;::; 0 
"' "' "' lb/ac ppm w w 0.. 

138.8 18.5 24.0 -2.6 

127.1 49.4 82.1 0.0 

127.1 49.4 82.1 0.6 

138.8 18.5 27.0 0.4 
' 

138.8 18.5 21.0 1.1 

127.1 109.4 82.1 1.3 

138.8 78.5 37.0 0.4 

126.2 49.0 81.8 2.0 

127.1 49.4 82.1 2.7 

138.8 18.5 12.0 12.1 

127.1 49.4 82.1 2.7-

138.8 18.5 37.0 -0.4 

138.8 18.5 73.0 -0.4 

261,689 71,097 

Columns 39 and 40 show the Soil Nutrient 

Balance after the inputs and the crop 

nutrient uptake. 
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Rolling Green Family Farms RE'P 

Cass County, ND 

Part 3. Planned Nutrient Application 
1 21 22 23 24 25 26 27 28 

Solids (lbs/ton,) Liquid (lbs/acre-

ASAE,2005,D in), PART 651 

384.2 Table 4-16 Manure Application 

E E Available N (First 
z .::! z .::! N Credit, (Prior year Crop Year) -~ c: -~ c: 

0 0 c: c: and year before lbs/ton or ro E "' ro E "' tlO E ~ 
tlO E 0 

Field# 
L. L. 

"' that) (lbs/acre) lbs/acre-in 0 <( z a.. 0 <( z a.. 

15 
0 0 0 270 185 416.9 0 266.28 

16 
0 0 0 270 185 416.9 0 266.28 

' 
17 

0 0 0 270 185 416.9 0 266.28 

18 
0 0 0 270 185 416.9 0 266.28 

19 
0 0 0 270 185 416.9 0 266.28 

20 
0 0 0 270 185 416.9 0 266.28 

21 
0 0 0 270 185 416.9 0 266.28 

22 
0 0 0 270 185 416.9 0 266.28 

23 
0 0 0 270 185 416.9 0 266.28 

24 
0 0 0 270 185 416.9 0 266.28 

25 
0 0 0 270 185 416.9 0 266.28 

0 0 

0 0 

Nutrient Management Plan 
For ND Livestock Operations 

Plan Year: 2013 

2.9 30 31 32 

Maximum Manure 

Applied Manure Applied 
L. Time Period 
QI 
a. When L. L. 

0 .!:.: 0 c: 
Tons/Acre or acre-

., 
"' w "' QI -0 Manure 
c: '- c: L. ];! 

in/acre 0 u 0 u Applied I- <( I- <( u... 

0.48 0 0.0 Spring 

0.52 0 0.0 Spring 

0.71 0 0.0 Spring 

0.61 0 0.0 Spring 

0.52 0 0.0 Spring 

0.52 0 0.0 Spring 

0.68 0 0.0 Spring 

0.52 0 0.0 Spring 

0.76 0 0.0 Spring 

0.52 0 0.0 Spring 

0.52 0 0.0 Spring 
c 

0.00 0 0.0 

0.00 0 0.0 

33 34 

Manure 

Application 

(lbs/acre) 

"' 0 
N N a.. 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

0.0 0 

35 36 37 38 

Commercial 

Application Total 

lbs/acre lbs/acre 

"' "' 0 0 
N "' N "' a.. a.. 

128 49.1 128 49.1 

0 36.6 0 36.6 

190 55.7 190 55.7 

162 73.4 162 73.4 

0 5.6 0 5.55 

0 41.8 0 41.8 

180 73.4 180 73.4 

0 5.6 0 5.55 

203 62.7 203 62.7 

0 5.6 0 5.55 

0 15.9 0 15.9 

0 0.0 0 0 

0 0.0 0 0 

Note: Column 28. shows the estimated manure application for each field for the Plan year Total Nutrient Removal from Crops (lbs)= 

DeHaan, Grabs Associates, LLC 

Developed by: Nathan Pesta 

Total Estimated Liquid Effiuent for Spreading ~1 

Total Esitmated Manure for Spreading= 

0.0 l·Acre-lnch 
0.00 Tons 

Total Planned Liquid Effiuent for spreading =1 0.0 rcre-Inch 

Total Planned Manure for spreading= 0.0 Tons 

ND Nutrient Planner 

Part 5. Nutrient Balance 
39 40 41 42 

Crop Removal 

(lb/ac) Soil Nutrient Balance 

z 
-a -a 

CV CV Nitrogen P20s .... .... 
111 111 

E E "' Balance Balance .. .. 0 
"' fJ) N lb/ac ppm w w 0.. 

127.1 49.4 82.1 4.1 

138.8 18.5 15.0 -1.1 

144.3 56.0 87.7 3.6 

126.2 49.0 81.8 1.4 

138.8 18.5 36.0 3.3 

138.8 78.5 10.0 -1.8 

126.2 109.0 81.8 1.4 

138.8 18.S 42.0 3.3 

144.3 56.0 87.7 2.9 

138.8 18.5 30.0 3.3 

138.8 18.S 57.0 1.9 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

187,611 57,4~9 

Columns 39 and 40 show the Soil Nutrient 

Balance after the inputs and the crop 

nutrient uptake. 
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Info: 
Date: August26,2015 

~ Rolling Green Sow Farm 

Tract and Field #'s: Site 1, Field 1 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G144B Barnes-Buse foams, 3 to 6 percent s!opes\Barnes loam 25% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern !ates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tem Jates\CB FC\ Corn seed ;FC, st t, fcult z1-- So beans nr Fdisk, fcult, z1 
5 b.MuHti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-· So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Vegetation Yield units Yield (# of units) 
Corn. seed bu 60.000 
Soybean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 tJaclyr 
Soil loss for cons. plan: 1.5 tJac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: O tlaclyr 

The SCI is the Soil Conditioning Index rating. 
)> ff the cafculated index is a negative value, soit organic matter levels are predicted to decline under that 

production system. 
)> If the index is a positive value, soil organic matter levels are predicted to increase under that system . 
.l> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to catcu!ate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

> STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August 26, 2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 1, Field 2 

Inputs: 
Location: North Dakota\Cass County 
Soil: G100A Hamerly-Tonka complex, Oto 3 percent slopes\Hamerfy loam 37% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

Man. Mana ement 
1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn 
6 b.Mulftf- ear Rotation Tern lates\CB FC\ Corn 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn 

Vegetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Soybean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 0.53 t/ac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: O tlac/yr 

The SCI is the Soil Conditioning Index rating. 

seed ;FC st t, fcult, z1-- So beans 
seed ;FC, st t, fcult, z1-- So beans 
seed ;FC, st t, fcult, z1-- So beans 
seed ;FC. st t, fcult, z1-- So beans 
seed ;FC, st t, fcult, z1- So beans 
seed ;FC, st t, fcult, z1-- So beans 
seed ;FC, st t, fcult, z1-- So beans 

nr Fdisk, fcult, z1 
nr Fdisk, fcult. z1 
nr Fdisk, fcult, z1 
nr Fdisk fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 

);>- If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 
production system. 

};> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
);>- A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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~ It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

~ STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 



000198

¢' It ! North Dakota 

Info: 
Date: August 26, 2015 

Name: RoHing Green Sow Farm 

Tract and Field #'s: Site 1, Field 3 

Inputs: 
Location: North Dakota\Cass County 
Soil: G144B Barnes-Buse loams, 3 to 6 percent sfopes\Barnes loam 25% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult. z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t. fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Veaetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Soybean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 tlac/yr 
Soil loss for cons. plan: 1.5 tfaclyr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
)> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
)> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
)> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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)> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

)> STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August 26. 2015 

~ Rolling Green Sow Farm 

Tract and Field #'s: Site 1, Fields 4 

Inputs: 
Location: North Dakota\Cass County 
Soil: G101A Hamerly-Wyard loams, 0 to 3 percent slopes\Hamerly loam 46% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern fates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1 -- So beans nr Fdisk, fcult, z1 

Veqetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Soybean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 0.53 tlac/yr 

SoH conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 tlaclyr 

The SCI is the Soil Conditioning Index rating. 
}> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. · 
}> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
J> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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~ It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

);>- STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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USDA NRCS ~:.~~:: .. ~ Co11~e::•·.:tit1o=t 
.-..; . S-i!h'ite 

North Dakota 

Info: 
~ August26.2015 

~ Rolfing Green Sow Farm 

Tract and Field #'s: Site 1, Fields 5 

Inputs: 
Location: North Dakota\Cass County 
Soil: G101A Hamerly-Wyard loams, 0 to 3 percent slopes\Hamerly loam 46% 
Slope length (horiz}: 150 ft 
Avg. slope steepness: 1.5 % 

Man. Manaqement 
1 b.Mulfti-year Rotation Templates\CB FC\ Corn (seed);FC, st pt, fcult, z1-- Soybeans 
2 b.Mullti-year Rotation Templates\CB FC\ Corn (seed);FC, st ot, fcult, z1-· Sovbeans 
3 b.Mullti-Year Rotation Temolates\CB FC\ Corn <seed);FC, st ot, fcult, z1- Sovbeans 
4 b.Mullti-year Rotation Templates\CB FC\ Corn (seed);FC, st pt, fcutt, z1- Soybeans 
5 b.Mullti-vear Rotation Temolates\CB FC\ Corn (seed);FC, st pt, fcult, z1-- Sovbeans 
6 b.Mullti-vear Rotation Templates\CB FC\ Corn (seed);FC, st pt, fcult, z1-- Soybeans 
7 b.Mulfti-year Rotation Temolates\CB FC\ Corn (seed);FC, st pt, fcult, z1-- Soybeans 

Veaetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Sovbean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield revel: Set by user 

Outputs: 
T vafue: 5.0 Uac/yr 
Soil loss for cons. plan: 0.53 t/ac/yr 

SoH condftioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: O t/ac/yr 

The SCI is the Soil Conditioning Index rating. 

nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 

);> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 
production system. 

):> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
:i;> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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)> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

)> STrR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Info: 
Date: August 26. 2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 1, Field 6 

Jn puts: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G100A Hamerly-Tonka complex, 0 to 3 percent slopes\Hamerly loam 37% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti· ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult. z1 
4 b.MuUtf- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-· So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mu!lti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So eans nr Fdlsk, fcult, z1 
7 b.Mullti- ear Rotation Tern fates\CB FC\ Corn seed ;FC, st t, fcu!t, z1-- So beans nr Fdisk, fcu!t, z1 

Veaetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Sovbean mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 tiac/yr 
Soil Joss for cons. plan: 0.53 tJac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
» If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
» If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
)> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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)> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

)> STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
~ August26.2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 2, Field 7 

Inputs: 
Location: North Dakota\Cass County 
Soil: G 117 A Hamerly loam, saline, 0 to 3 percent slopes\Hamerly loam moderately safine 55% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mulrti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-· So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern Jates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-· So beans nr Fdisk, fcult, z1 

Vegetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Sovbean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T vafue: 5.0 t/ac/yr 
Soil loss for cons. plan: 0.53 t/ac/yr 

Soil conditioning index (SCI}: 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: O t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
~ If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
);;> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
~ A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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~ It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

~ STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Info: 
~ August26,2015 

~ Rolling Green Sow Farm 

Tract and Field #'s: Site 2, Field 8 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G117A Hamerly loam, saline, 0 to 3 percent slopes\Hamerly loam moderately saline 55% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti- ear Rotation Tern Jates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, :z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, tcult, z1-- So beans nr Fdisk, fcuft, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Com seed ·FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern fates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult. z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t fcult, z1-- So beans nr Fdisk, fcult, z1 

Veoetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Soybean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
Generat yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 0.53 tiac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
>'- If the catculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
~ If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
);> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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~ It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

~ STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the · 
management description. 
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Info: 
Date: August 26. 2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 2, Field 9 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G117A Hamerly loam, sarine. 0 to 3 percent slopes\Hamerly loam moderately saline 55% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

Man. Management 
1 b.Mullti-vear Rotation Temolates\CB FC\ Corn seed ;FC, st pt, fcult, z1-- Soybeans nr Fdisk, fcuft, z1 
2 b.Mullti-vear Rotation Templates\CB FC\ Corn seed ;FC, st pt, fcult, z1-- Soybeans 
3 b.Mullti-vear Rotation Templates\CB FC\ Corn seed ;FC, st pt, fcurt, z1- Sovbeans 
4 b.Mul!ti-vear Rotation Temolates\CB FC\ Corn 1 seed ;FC, st pt, fcult, z1-- Soybeans 
5 b.Mullti-year Rotation Templates\CB FC\ Corn seed);FC, st pt, fcult, z1-- Soybeans 
6 b.Mullti-vear Rotation Temolates\CB FC\ Corn (seed ;FC. st pt, fcult, z1-- Sovbeans 
7 b.Mullti-vear Rotation Templates\CB FC\ Corn (seed ;FC, st pt, fcult, z1-- Soybeans 

veaetation Yield units Yield (# of unitsJ 
Corn, seed bu 60.000 
Sovbean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 Uaclyr 
Soil loss for cons. plan: 0.53 t/ac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 

nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 
nr Fdisk, fcult, z1 

::.> If the calculated index is a negative vafue, soil organic matter levels are predicted to decline under that 
production system. 

)> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
» A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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):>- It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

J:>- STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August 26. 2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 3, Field 10 

Inputs: 
Location: North Dakota\Cass County 
Soil: G143B Barnes-Svea loams, 3 to 6 percent slopes\Barnes loam 42% 
Slope length (horiz): 150 ft 
Ayg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tem lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult z1- So beans nr Fdlsk, fcult, z1 
5 b.MuHti- ear Rotation Tern tates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern Jates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Veaetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Sovbean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 1.5 t/ac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: O t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
):;- If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
» If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
}> A positive SCI meets the soH criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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J;>- It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used In growing a crop or a rotation. 

}> STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August26.2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 4, Field 11 

Inputs: 
Location: North Dakota\Cass County 
Soil: G100A Hamerly-Tonka complex, 0 to 3 percent sfopes\Hamerly foam 37% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

Man. Manaaement 
1 b.Mufltf-year Rotation Templates\CB FC\ Corn seed);FC. st pt, fcult, z1-- Soybeans (nr Fdisk fcult, z1 
2 b.Mullti-vear Rotation Temolates\CB FC\ Corn seed);FC, st pt, fcult, z1- Sovbeans nr Fdisk, fcult, z1 
3 b.Mullti-vear Rotation Temofates\CB FC\ Corn (seed);FC, st pt, fcuft, z1-- Sovbeans nr Fdisk, fcult, z1 
4 b.Mullti-year Rotation Templates\CB FC\ Corn seed);FC, st pt, fcult, z1-- Soybeans nr Fdisk, fcult, z1 
5 b.Mullti-year Rotation Templates\CB FC\ Corn seed);FC, st pt, fcult, z1-· Sovbeans nr Fdisk, fcult, z1 
6 b.Mullti-vear Rotation Templates\CB FC\ Corn seed);FC, st pt, fcult. z1-· Sovbeans 
7 b.Mulfti-year Rotation Temptates\CB FC\ Corn seed)·FC, st pt, fcuft, z1-- Soybeans 

Veaetation Y;efd units Yield (# of units) 
Corn. seed bu 60.000 
Soybean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 0.53 t/ac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual s!ope STIR: 60.4 
Wind & irrigation-induced erosion for SCl: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 

nr Fdisk, fcuft, z1 
nr Fdisk, fcult, z1 

)> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 
production system. 

)> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
)> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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);>- It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
raUng for the system used in growing a crop or a rotatlon. 

);>- STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Info: 
.Qfilg,;_ August 26. 2015 

~ Rolling Green Sow Farm 

Tract and Field #'s: Site 4. Fiefd 12 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G1438 Barnes-Svea loams, 3 to 6 percent s!opes\Barnes loam 42% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcurt, z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t fcult z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult. z1-- So beans nr Fdisk, fcuft, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 

Ve.aetation Yield units Yield(# of units) 
Corn. seed bu 60.000 
Soybean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 tiac/yr 
Soil loss for cons. plan: 1.5 tlac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 Uac/yr 

The SCI is the Soil Conditioning Index rating. 
):> If the calculated index is a negative value, soil organic matter revels are predicted to decline under that 

production system. 
» If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
)::> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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» It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

» STIR ratings tend lo show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August 26. 2015 

~ Rolling Green Sow Farm 

Tract and Field #'s: Site 5. Field 13 

Inputs: 
Location: North Dakota\Cass County 
Soil: G143B Barnes-Svea loams, 3 to 6 percent slopes\Barnes loam 42% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

Man. Manaaement 
1 b.Mullti-vear Rotation Templates\CB FC\ Corn seed ;FC, st pt, fcuft, z1-- Sovbeans nr) Fdisk, fcult, z1 
2 b.Mullti-vear Rotation Temolates\CB FC\ Corn seed ;FC, st pt, fcult, z1-- Soybeans nr Fdisk, fcult, z1 
3 b.Mullti-vear Rotation Temolates\CB FC\ Corn seed);FC, st ot. fcult z1-- Soybeans nr Fdisk, fcult. z1 
4 b.Muflti-vear Rotation Templates\CB FC\ Corn seed ;FC, st pt, fcult, z1-- Soybeans nr Fdisk, fcult, z1 
5 b.Mullti-year Rotation Templates\CB FC\ Corn seed 1;FC, st pt, fcult, z1-· Soybeans nr Fdisk, fcult, z1 
6 b.Mullti-vear Rotation Temolates\CB FC\ Corn seed ;FC, st pt, fcuft, z1-- Sovbeans nr Fdisk, fcult, z1 
7 b.Mullti-vear Rotation Templates\CB FC\ Corn seed ;FC, st pt, fcult, z1- Soybeans nr Fdisk, fcult, z1 

Veaetation Yield units Yield (# of um1s) 
Corn, seed bu 60.000 
Sovbean, mw 7in rows bu 20.000 

Adjust res. burial level; Normal res. burial 
General yield lever: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 1.5 t/ac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t!ac/yr 

The SCI is the Soil Conditioning Index rating. 
};;> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
};;> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
» A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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)> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

» STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Info: 
Date: August26.2015 

~ Rolfing Green Sow Farm 

Tract and Field #'s: Site 5. Field 14 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G143B Barnes-Svea loams, 3 to 6 percent slopes\Barnes loam 42% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult. z1-- So beans nr Fdisk, fcult, z1 
3 b.Mu!lti- ear Rotation Tern lates\CB FC\ Corn seed ;FC st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mulfti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Veaetation Yield units Yield (#of units) 
Corn, seed bu 60.000 
Sovbean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 1.5 t/ac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: O t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
).> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
).> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
).> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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)> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

-"" STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August 26, 2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 15 

Inputs: 
Location: North Dakota\Cass County 
Soil: G250A Divide loam, O to 2 percent slopes\Divide loam 66% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.0 % 

Man. 
1 
2 
3 
4 
5 
6 
7 

Vegetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Soybean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

putputs: 
T value: 4.0 t/ac/yr 
Soil loss for cons. plan: 0.37 tlac/yr 

Soil conditioning index (SCI): 0.26 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 tJac/yr 

The SCI is the Soil Conditioning Index rating. 

z1-- So beans nr Fdisk, fcult, z1 
z1-- So beans nr Fdisk, fcult, z1 

z1-- So beans nr Fdisk, fcult, z1 
t, fcult, z1- So beans nr Fdisk, fcult, z1 
t, fcu!t, z1-- So beans nr Fdisk, fcult, z1 
t, fcult, z1-- So beans nr Fdisk, fcult, z1 

~ If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 
production system. 

~ If the index is a positive value, soi! organic matter levels are predicted to increase under that system. 
>:- A positive SCI meets the soil criteria for the ConseNation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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}.1> It utilizes the speed, depth. surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

~ STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Info: 
Date: August26,2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 16 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G101A Hamerly-Wyard loams, 0 to 3 percent slopes\Hamerly loam 46% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t. fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mutlti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult. z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult. z1 
6 b.Mullti- ear Rotation Tern Jates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcuft. z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Veaetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Soybean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 Uac/yr 
Soil loss for cons. plan: 0.53 t/ac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
» lf the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
;.. ff the index is a positive value, soH organic matter levels are predicted to increase under that system. 
};- A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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};:- It utHizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

}> STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August26,2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 17 

Inputs: 
Location: North Dakota\Cass County 
Soil: G144B Barnes-Buse loams, 3 to 6 percent slopes\Barnes loam 25% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern rates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ·FC, st t, fcult z1- So beans nr Fdisk, fcult, z1 
3 b.Muffti- ear Rotation Tern lates\CB FC\ Corn seed :FC, st t. fcult, z1-- So beans nr Fdisk, fcuft, z1 
4 b.MuHti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult. z1 
5 b.Mullti- ear Rotation Tern rates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Veaetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Sovbean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield lever: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 1.5 Uac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 Uac/yr 

The SCI is the Soil Conditioning Index rating. 
~ If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system . 
.> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
);> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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:;.. It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

»- STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Info: 
~ August26.2015 

Name: Rollfng Green Sow Farm 

Tract and Field #'s: Site 5, Field 18 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G1 OOA Hamerly-Tonka complex, Oto 3 percent slopes\Hamerly loam 37% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti· ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult z1 
3 b.Mullti· ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcutt, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tem lates\CB FC\ Corn seed ;FC, st t, fcult, z1-· So beans nr Fdisk, fcult z1 
6 b.Mullti· ear Rotation Tern lates\CB FC\ Corn seed ;FC st t, fcult, z1·· So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Veaetation Yield units Yield(# of units} 
Corn seed bu 60.000 
Sovbean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 0.53 ttac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: o fJac/yr 

The SCI is the Soil Conditioning Index rating. 
)> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
» If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
)> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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):> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

~ STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August26,2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 19 

Inputs: 
Location: North Dakota\Cass County 
Soil: G100A Hamerly-Tonka complex, 0 to 3 percent slopes\Hamerly loam 37% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mulfti- ear Rotation Tern lates\CB FC\ Com seed ;FC, st t fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t. fcult, z1-- So beans nr Fdisk, fcult z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
5 b.Muflti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcull, z1 

Veaetation Yield units Yield (#of units) 
Corn, seed bu 60.000 
Soybean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 tlac/yr 
Soil loss for cons. plan: 0.53 t/ac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
;;.. If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
)> If the index is a positive value, soil organic matter revels are predicted to increase under that system. 
» A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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)'> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

~ STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Info: 
Date: August26.2015 

~ Rolling Green Sow Fami 

Tract and Field #'s: Site 5, Field 20 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G101A Hamerly-Wyard loams, 0 to 3 percent slopes\Hamer!y loam 46% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed :FC, st t fcult, z1-- So beans nr Fdisk, fcult z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed :FC, st t, fcult, z1-- So beans nr Fdisk, fcuft, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern tates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcuft, z1- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed :FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Vegetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Soybean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 tlac/yr 
Soil loss for cons. plan: O. 53 t/ac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR; 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
;i:;. If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
};;>- If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
);>- A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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» It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

>- STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
~ August26.2016 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 21 

Inputs: 
Location: North Dakota\Cass County 
Soil: G144B Barnes-Buse loams, 3 to 6 percent slopes\Barnes loam 25% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

Man. Management 
1 b.Mullti-vear Rotation Temo!ates\CB FC\ Corn seed ;FC, st pt, fcult, z1-- Sovbeans (nr) Fdisk, fcult, z1 
2 b.Mullti-vear Rotation Temptates\CB FC\ Corn seed ;FC, st pt, fcult, z1-- Soybeans (nr) Fdisk, fcult, z1 
3 b.Mulfti-year Rotation Templates\CB FC\ Corn seed);FC, st pt, fcutt, z1-- Soybeans (nr) Fdisk, fcult, z1 
4 b.Mullti-vear Rotation Temolates\CB FC\ Com seed ;FC, st pt, fcult, z1-- Soybeans (nr) Fdisk, fcult, z1 
5 b.Mullti-vear Rotation Templates\CB FC\ Corn seed ;FC, st pt, fcult, z1-- Soybeans (nr) Fdisk, fcult, z1 
6 b.Muflti-year Rotation Templates\CB FC\ Corn 
7 b.Mullti-vear Rotation Temolates\CB FC\ Corn 1 

Vegetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Sovbean, mw 7in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outeuts: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 1.5 tlacfyr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: O tlac/yr 

The SCI is the Soil Conditioning Index rating. 

seed ;FC, st ot, fcult, z1- Soybeans (nr) Fdisk, fcult, z1 
seed 1;FC, st pt, fcult, z1-· Soybeans (nrl Fdisk, fcult, z1 

~ If the calculated index is a negative value, sofl organic matter levels are predicted to decline under that 
production system. 

> If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
~ A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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:» It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

~ STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management descrfption. 
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Info: 
Date: Auqust26.2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 22 

Inputs: 
Location: North Dakota\Cass County 

North Dakota 

Soil: G144B Barnes-Buse loams, 3 to 6 percent slopes\Barnes loam 25% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

Man. Mana.c1ement 
1 b.Mullti-vear Rotation Templates\CB FC\ Corn (seed ;FC. st pt, fcult, z1-- Soybeans 1 nr) Fdisk, fcult, z1 
2 b.Mullti-vear Rotation Templates\CB FC\ Corn (seed ; FC, st Pt, fcult, z1-- Soybeans 1 nr) Fdisk, fcult z1 
3 b.Mullti-vear Rotation Temolates\CB FC\ Corn (seed ;FC, st ot, fcult, z1-- Sovbeans 1 nr) Fdisk, fcu!t, z1 
4 b.Mulltf-vear Rotation Ternplates\CB FC\ Corn (seed ;FC, st pt, fcult, z1-- Soybeans nr) Fdisk, fcult, z1 
5 b.Mullti-Year Rotation Temolates\CB FC\ Corn (seed ;FC, st ot, fcult, z1-- Soybeans nr) Fdisk, fcult, z1 
6 b.Mullti-vear Rotation Templates\CB FC\ Corn (seed ;FC, st pt, fcult z1-- Sovbeans nr) Fdisk, fcult, z1 
7 b.Mullti-vear Rotation Templates\CB FC\ Corn (seed);FC, st pt, fcult. z1-- Soybeans nr) Fdisk, fcult, z1 

Vegetation Yield units Yield (# of units) 
Corn seed bu 60.000 
Soybean, mw 7in rows bu 20.000 

Adjust res. buriaf level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 Uaclyr 
Soil loss for cons. plan: 1.5 t/ac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 tlac/yr 

The SCI is the Soil Conditioning Index rating. 
);> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
);>- If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
::;.. A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 



000237

~ It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

);;. STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August26.2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 23 

Inputs: 
Location: North Dakota\Cass County 
Soil: G143B Barnes-Svea loams, 3 to 6 percent slopes\Barnes loam 42% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-· So beans nr Fdisk, fcu!t, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-· So beans nr Fdisk, fcult, z1 
4 b.Mulltl- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 
6 b.Mullti- ear Rotation Tern fates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
7 b.Mutlti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 

Ver:tetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Sovbean, mw 7in rows bu 20.000 

Adjust res. buriaf level: Normal res. burial 
General yield level: Set by user 

Outputs: 
T value: 5.0 t/ac/yr 
Soil loss for cons. plan: 1.5 t/ac/yr 

Soil conditioning index (SCI): 0. 17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 tlac/yr 

The SCI is the Soil Conditioning Index rating. 
)> If the calculated index is a negative value, soit organic matter levels are predicted to decline under that 

production system. 
)> If the index is a positive value, soil organic matter levers are predicted to increase under that system. 
)'> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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);> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation. 

);> STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
~ August26.2015 

Name: Rolling Green Sow Farm 

Tract and Field #'s: Site 5, Field 24 

Inputs: 
Location: North Dakota\Cass County 
Soil: G101A Hamerly-Wyard loams, Oto 3 percent slopes\Hamerly loam 46% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 1.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t. fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti· ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult. z1-- So beans nr Fdisk, fcuft, z1 
4 b.MuHti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern !ates\CB FC\ Corn seed ;FC, st t. fcult, z1-· So beans nr Fdisk, fcult, z1 
6 b.Mulfti- ear Rotation Tern lates\CB FC\ Corn seed ;FC st t. fcult. z1-- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 

Vegetation Yield units Yield (# of units) 
Corn, seed bu 60.000 
Soybean, mw 7in rows bu 20.000 

Adjust res. burial revel: Normal res. burial 
General yield lever: Set by user 

Outputs: 
T value: 5.0 tfac/yr 
Soil loss for cons. plan: 0.53 t/ac/yr 

Soil conditioning index (SCI): 0.25 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
:i> If the calculated index is a negative vafue, soil organic matter levels are predicted to decline under that 

production system. 
} If the index is a positive value, soil organic matter levels are predicted to increase under that system. 
)> A positive SCI meets the soil criteria for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 



000241

}:> It utilizes the speed, depth, surface disturbance percent and tillage type parameters to calcufate a tHlage intensity 
rating for the system used in growing a crop or a rotation. 

}- STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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North Dakota 

Info: 
Date: August 26, 2015 

~ Rolling Green Sow Farm 

Tract and Field #'s: Site 6, Field 25 

Inputs: 
Location: North Dakota\Cass County 
Soil: G144B Barnes-Buse loams, 3 to 6 percent slopes\Barnes loam 25% 
Slope length (horiz): 150 ft 
Avg. slope steepness: 4.5 % 

1 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
2 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
3 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 
4 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1- So beans nr Fdisk, fcult, z1 
5 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult, z1-- So beans nr Fdisk, fcuft, z1 
6 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ;FC, st t, fcult z1- So beans nr Fdisk, fcult, z1 
7 b.Mullti- ear Rotation Tern lates\CB FC\ Corn seed ·FC, st t, fcult, z1-- So beans nr Fdisk, fcult, z1 

Veaetation Yield units Yield(# of units) 
Corn, seed bu 60.000 
Sovbean, mw ?in rows bu 20.000 

Adjust res. burial level: Normal res. burial 
General yield level: Set by user 

Outguts: 
T value: 5.0 Vac/yr 
Soil loss for cons. plan: 1.5 t/ac/yr 

Soil conditioning index (SCI): 0.17 
Avg. annual slope STIR: 60.4 
Wind & irrigation-induced erosion for SCI: 0 t/ac/yr 

The SCI is the Soil Conditioning Index rating. 
)> If the calculated index is a negative value, soil organic matter levels are predicted to decline under that 

production system. 
)> If the index is a positive value, sofl organic matter levels are predicted to increase under that system. 
)> A positive SCI meets the soil criterra for the Conservation Security Program. 

The STIR value is the Soil Tillage Intensity Rating. 
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.l> lt utilizes the speed, depth, surface disturbance percent and tillage type parameters to calculate a tillage intensity 
rating for the system used in growing a crop or a rotation . 

.l> STIR ratings tend to show the differences in the degree of soil disturbance between systems. The kind, severity 
and number of ground disturbing passes are evaluated for the entire cropping rotation as shown in the 
management description. 
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Rolling Green Family Farms, RE, LLP 

Cass County, ND 

Corn, Grain Yield 
USDA Ag Statistics - Oliver County 

Commodity Practice Year State County 
Corn, Grain Total 2010 North Dakota Cass 
Corn, Grain Total 2011 North Dakota Cass 
Corn, Grain Total 2012 North Dakota Cass 
Corn, Grain Total 2013 North Dakota Cass 
Corn, Grain Total 2014 North Dakota Cass 

5-Year Average 
5-Year Average+ 10% 

Soybeans Yield 
USDA Ag Statistics -Cass County 

Commodity Practice Year State County 
Soybeans Total 2010 North Dakota Cass 
Soybeans Total 2011 North Dakota Cass 
Soybeans Total 2012 North Dakota Cass 
Soybeans Total 2013 North Dakota Cass 
Soybeans Total 2014 North Dakota Cass 

5-Year Average 
5-Year Average+ 10% 

Edible Beans Yield 
USDA Ag Statistics -Cass County 

Commodity Practice Year State County 
Edible Beans Total 2010 North Dakota Cass 
Edible Beans Total 2011 North Dakota Cass 
Edible Beans Total 2012 North Dakota Cass 
Edible Beans Total 2013 North Dakota Cass 
Edible Beans Total 2014 North Dakota Cass 

5-Year Average 
5-Year Average + 10% 

DeHaan, Grabs and Associates, LLC 

Date: December, 2015 

Yield Yield unit 
143.4 bushel/acre 
101.6 bushel/acre 
129.7 bushel/acre 
126.2 bushel/acre 
138.9 bushel/acre 

128.0 bushel 
140.8 bushel 

Yield Yield unit 
35.5 bushel/acre 
27.0 bushel/acre 
34.0 bushel/acre 
32.5 bushel/acre 
38.0 bushel/acre 
33.4 bushel/acre 
36.7 bushel/acre 

Yield Yield unit 
1650.0 lb/acre 
910.0 lb/acre 

1300.0 lb/acre 
1300.0 lb/acre 
1550.0 lb/acre 
1342.0 lb/acre 
1476.2 lb/acre 
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-
Name: Tim Berntson ·Cass 

Crop Yr: 2015 
Wheat-EU 

Projected ~t Guarantees 
Company: RCIS Policy# 971957 PIM Covlvl Price P!ice PP Fa:tor at100% 
"oli'"' LlabllHv: $ 

Unit 

0101 29 140 

.. 
"' c 
~ 

54 

.. 
e APH 
<.: Yid 
~ =-
2 41 

RP 70% $5.85 

Bushel lllbllltytt Prevent 
COmpltlo Plant Ouar. 

Loss Uablllty 

28.7 $167.90 $100.74 --------···-···-·---··-- ,__...... ,_,_" ____ _ 
0!02 32 140 54 2 49 34.3 $200.66 $120.39 

60% 

Aeres I= 
-··------··--···· ...... _____ .,. _______ .... - ..... L...--,-·---·---· .. r-------

0100 27 140 54 

Shl.Je 

TOblUlbilll)' 

·~ L-

·---·-
--·-·---· .. ··-.. ·-·· .. ----· ·--------.. ·----·-!-------

APH 
Yldwl 

TA 

162 

156 
1--

149 

APH and Liability Worksheet 

Com·EU Soybeans • EU 
Pro;icted Harvest Gunitees Projected HIMS! Guarantees 

Plan Covbl Price Price PP Factor al 100% l'llrl Covlvl Price Price PP Factor al 100% 
RP 70% $4.15 60% Share RP 70% $9.73 60% Sh!re 

0..htl 
l.labllHylf Prevent TotallJ.lbllly APH Ull>illlyff Prevent TOlll~ API Compltl> Plant Acres Bushel 

If c.mplll> Yldw/ - COmplldo Plant Acres - tt Complolo Guar. - -· -- Yk Loss Liability Loa TA Lon l.llbllity Ima 

113.4 $470,61 $282.37 39 27.3 $265.63 $159.38 152 ._ .... ______ 
-·--------·· ---·-----'--·---·--.. --- .__ 

109.2 $453.18 $271.91 39 27.3 $265.63 $159.38 -- ------ - --· -------!-----·-·--·-
104.3 $432.85 $259.71 41 28.7 $279.25 $167.55 -- ------·-----1--"----'-----~-·--------

.. ----··---.. -----·---- ........ _ i-------.. ·--- ----------- ,__. ----.... -·----- ________ ,._ :---. ·---------~----------·· i.-.... 

... ---........ ,,, _____ .. ,_. ____ ,,,,,._....._ ~.- ---·--·-----·-·-----------------·-------<!---·--- ,---11<----li---·--- ----·------·- _ ....... 

-------···-· .. -···--·----- , __ ,, ______ _ -------··- f-.. - ....... --------1--- ---··-- -· .. - ----------· ,____, _____ , ___ ....... . 

... -............ _ .. __ ...._...,, ____ .. , ..... _, ____ ,,_ ,, ___________ '-'-------·-·-~----!--- ·------+----·------11---"-·-·---·---·-1-,------· ... - :..--. 
....... --···--···-.... _ .... - •• - .............. ____ ,_ -···-- i..--..... ,_, _______ 1----------11--,-t----------1------,------ll·---I-----·--- ----------- r.--

!.-.---...... -.----... ~~··-·--.. --.... J--- -··-------.--···-,i.---------··----11--1---~ ,----~-----· .. _____ ........ -.n....-J...--------J.-----·----·- _ .. _ 
_ ... _ .. _____ , ..... _ ... _.._ .... ..,_....__t-- .._....,. _______ , ....... l---··--·-------11--·-·I---·----.. -- _ .. ---------11---1---·---~--------·----- -···-
·--··---........... _ .. __ , .... _ .... ___ , __ , __ ........ , ·-- ·~ ............. _______ ,__, __________ ---1r----.... --- ·---·------!--· -------·-- '-··-------·--
........ _ _,,_.,,_ .. ,, ____ ,., ... ._ ........... - ... ,_,.., ·---· --.. ·-----·--~------------ -------.. ·-- ___ , .... _. __ .. ___ .. i...,... • ._ ·--·------'"-----·-·--········- ·-... 

_ ....... , ____ , ___ .... ,. .. ___ .. __ , ___ , i--.-.-.. ---··-------+------,---111--+---·----- ---------·---'--",_, _________ ., _________ '-

TOTA!.S 45 115%olavg.yld.• 52 $ 40 115~olavg.yld.• 46 15~ 

EU Bushel Guarantee Per Acre= #DIV/O! EU Bushel Guarantee Per Acre= #DIV/O! EU Bushel Guarantee Per Acre= #DIV/O! 

( ( 

. ·· .. : ... 
.... · 
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:Production and Yield Worksheet/Report 

1. l~urell lnfomfatton.:-.::;:'iS7.;:,;:;·;';'1,-ii!t~;·.cc,~<;d;f: .,;. ·"".!<:': ·'·~;,,:::;; 2:;:Ag·ent1Aa·•l!Ot;fiirormailo'n;;>;.,,~&>::c;:,;o:;,e:;e•,,,ii.i,;·,::::;_:<;:,i:;J 34J,(OP'.;,'t:C!•!414;,~o!~YJ:tu!')b8r •· .:: ; 
TIM BERNTSON AGCOUNTRY FCS FARGO MN 2015 ND·951 ·97'1957 
3311142NDAVESE BRADLEY D SCHWAB J.:;_l!~~£~\!llJ1ti.l!lJ~;.~~;i'.;'i;;C~·:; 
BUFFALO, NO 58011·9767 190044THSTS 

NO I NORTH DAKOTA 
POBOX6020 

Person Type MARRIED FARGO, ND 58108 ~~oJl!),!Y,;,_COd• ltl'lll.JP_~'::;i),j;.";i 

Phone (701) 633-5602 SSN XXX-XX-8319 Phone {701 2:35-9858 Agency Code 22-318811 017 CASS 

7. Crop BEANS 8.Fann Name 7.Crop CORN 8.Farm Name 
9. Plan yp 10. Map Area 002 11. T·Yleld 1,523.0 9.Plan RP 10. Map Area 11. T-Yleld 129.0 
12:.Unlt 0001-0000-000 13. Area Class 12.Unlt 0001-0001-000 13. Area Class 
14.Type PINTO 15. Record Type .. 14. Type GRAIN 1 S. Record Type .. 

16. Practice IBRNI 17. lnsurablllty I 18. Ill New Prod• 16. Practice NIRR 17. lnsurablDty I 18. [J New Prod' 
19. Multi Crop Year Reporting Reason .... , 20. C CRP/USOA D NB [J NS 19. Multi Crop Yoar Reporting Reason-· 20. [J CRPIUSOA 0 NB [J NS 

21. Estimated Sllare 21. Eatlmattld Sllare 1.000 
22. Sha~llolder(LL l] 22. Shareholder[l.L 1] 
23. Remarks 23.Remarks 
·-NEW PRODUCER 

24. 25. 26. 27. 28. 29. 24. 25. 26. 27. 28. 29. 
Year PrOductlon Acres Yield Dase. Sect Twp Rng FSA Farm/ Year Production Acres Yield Deac. S&ctTwpRng FSA Fann/ 
2005 0.0 0,0 0 z or Other Traci/Field # 2005 0.0 0.0 0 z or Other Tract/Field# 

2006 0.0 0.0 0 z 20 140N054W 9838 2006 31,616.3 268.0 119 A 29140N054W 9838 
2007 0.0 0.0 0 z 2007 0.0 0.0 0 z 
2008 0.0 0.0 0 z 2008 39,718.8 259.6 153 A 
2009 0.0 0.0 0 z 2009 34,600.0 228.0 152 A 
2010 0.0 0.0 0 z 2010 52,300.0 288.3 181 A 
2011 0.0 0.0 1,523 I 2:011 39,210.8 275.8 142 A 
2012 0.0 0.0 1,523 I 2012 43,225.0 288.4 150 A 
2013 0.0 0.0 1,523 I 30. Date Signed 2013 36,661.9 276.6 133 A 30, Oats Signed 
2014 0.0 0.0 1523 I 1111212014 2014 48192.0 261.0 185 A 11112/2014 

31. Prior Yield 132. Approved Yield 33.AdjYld 134. SA Yid 31. Prior Yield 132. Approved Yield 33. Adj Yid 134.SA Yid 
1,523 1.523.0 0.0 156 162.0 TA 152.0 

Trend Adjuslad Yield (TA) 

7.Crop CORN 8. Farm Name 7. Crop CORN 8, Farm Name 
9.Plan RP 10; Map Area 11. T-Yleld 129.0 9. Plan RP 10. Map Area 11. T-Yleld 159.0 
12. Unit 0001-0002-000 13. Area Class 12.Unlt 0001-0003-000 13. Area Class 
14. Type GRAIN 15. Record Type .. 14. Type GRAIN 15. Record Type-

16. Practice NIRR 17. lnsurablllty I 18. 0 NewProd• 16. Practice NIRR 17. lnsurablllty I 18. C NewProd' 
19. MulU Crop Year Reporting Reason .. - 20. [J CRP/USOA [J NB CNS 19. Multi Crop Year Reporting Reason ..... 20. [J CRP/USDA C NB [J NS 
21. Estimated Share 1.000 21. Estimated Share 1.000 
22. Shareholder[l.L T] 22. Sharellolder[l.L T] 
23. Remarks 23.Remarks 

Added Land 

24. 25. 26. 27. 28. 29. 24. 25. %6. 27. 28. 29. 
Year Production Acres Yield Dose. Sect Twp Rng FSA Farm/ Year Productfon Acres Yield Oesc. SectTwpRng FSA Farm/ 
2005 16,939.1 86.0 197 A or Other Tract/Field # 2005 0.0 0.0 0 z orOlher Tract/Field# 
2006 0.0 o.o 0 z 32140N054W 9838 2006 o.o 0.0 0 z 27140N054W 7295 
2007 10,784.7 153.1 70 A 2007 o.o 0.0 0 z 
2008 0.0 0.0 0 z 2008 0.0 0.0 0 z 
2009 10,400.0 72.0 144 A 2009 0.0 0.0 0 z 
2010 14,896.0 76.0 191 A 2010 0.0 0.0 159 L 
2011 10,968.4 75.1 146 A 2011 0.0 0.0 159 L 
2012 13.968.0 112.2 124 A 2012 18,759,0 117.6 160 A 
2013 8,830.6 76.1 116 A 30. Date Signed 2013 13,165.6 117.6 112 A 30. Date Signed 
2014 26.459.0 153.1 173 A 11/1212014 2014 0.0 0.0 0 z 11/1212014 

31. Prior Yield 132. Approved Yield 33. Adj Yid ,34. SA Yid 31. Prior Yield 132. Approved Yield 33.AdJYld 134.SA Yid 
151 156.0TA 145.0 148 149.0TA 148.0 

Trend Adjusted Yield (TA) Trend Adjusted Yield (TA) 

.. Roeord Type 1. Production Sold I Commercial Storage 2. Farm Stored Measured by Insured 3. Pick I Dally Sales Record 4. Automated Yield Monlloring System 5. Farm-Stored 
Measured by Aulhor1zed Representative 6. Livestock Feeding Records 7. Claim ror Indemnity 8. Appraisal (non-loss) 9. Field Harvesl Records 10. Olher 

Printed from CIMax. 

MP-3006pc4 (10-14) Page 1 of4 

*"'* Please see Instructions for Repor1lng Reason codes 

11111 llBllll 1111 
Please do not write over this section. 1111412014 
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• 
Rolling Green Family Farms RE, LLP 
Cass County, ND 

lOC. LAND APPLICATION MAPS 

The following Information is attached 

1. Application Site Summruy and Best Management Practices 

2. Overall Land Application Map 

3. Water Quality Risk Assessment Land Application Maps 

4. Soil Survey Maps 

DeHaan, Grabs & Associates, LLC 

Revised: December 2015 

1 

j. 
µI 

' 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

Field Id Useable 
Area Acrea e Acres Land Use 

1 204.9 Cropland 

2 75.6 Cropland 

3 156.4 Cropland 

4 39.3 Cropland 

5 243.5 Cropland 

6 78.0 Cropland 

7&8 141.2 Cropland 

9 150.1 Cropland 

10 140.2 Cropland 

11 158.0 Cropland 

12 112.3 Cropland 

13 376.3 Cropland 

14 70.9 Cropland 

15 41.2 Cropland 

16 63.8 Cropland 

17 83.1 Cropland 

18 155.8 Cropland 

19 144.8 Cropland 

DeHaan, Grabs Associates, LLC 

Quarter s T 
E 1/2 9 139 N 

E 1/2 9 139 N 

NW1/4 4 139 N 

NW1/4 36 140 N 

N 1/2 36 140 N 

SW1/4 12 139 N 

NE 1/4 32 139 N 

SE 1/4 32 139 N 

NE 1/4 14 139 N 

SE 1/4 10 140 N 

NW1/4 14 140 N 

NE 1/4 11 140 N 

SE 1/4 11 140 N 

W1/2 11 140 N 

NE 1/4 2 139 N 

NE 1/4 2 139 N 

NE 1/4 4 139 N 

SE 1/4 4 139 N 

12/3/2015 

*Nitrogen Risk Phosphorus #Runoff Application Rate 
Assessment Index Ratin Setbacks Limitations ABest Mana ement Practices 

Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

w Melvin Family RE LLLP Yes Moderate Low Yes Crop N Removal Consider split nitrogen applications to include a preplant application and later application during early vegetative 
growth. 

5 w Melvin Family RE LLLP Yes Low Low No Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Low Low Yes. Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Moderate Low No Crop N Removal Consider split nitrogen applications to include a preplant application and later application during early vegetative 
growth. 

Moderate Low Yes Crop N Removal Consider split nitrogen applications to include a preplant application and later application during early vegetative 
growth. 

Moderate Low Yes Crop N Removal Consider split nitrogen applications to include a preplant application and later application during early vegetative 
growth. 

Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Moderate Low No Crop N Removal Consider split nitrogen applications to include a preplant application and later application during early vegetative 
growth. 

Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

55W Randy Melvin Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

55W Randy Melvin Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

55W Randy Melvin Yes High Low No Crop N Removal Spring application should be delayed until after the soil is completely thawed. Consider split nitrogen applications to 
include a preplant application and later application during early vegetative growth. 
Fall applicaton not recommended. 

55W Randy Melvin Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

55W Randy Melvin Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

54W Randy Melvin Yes Moderate Low No Crop N Removal Consider split nitrogen applications to include a preplant application and later application during early vegetative 
growth. 

54W Randy Melvin Yes Moderate Low No Crop N Removal Consider split nitrogen applications to include a preplant application and later application during early vegetative 
growth. 

10.C.1 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

Field Id Useable 
Area Acreaae(Acresl Land Use 

20 57.6 Cropland 

21 107.7 Cropland 

22 268.8 Cropland 

23 261.9 Cropland 

24 27.0 Cropland 

25 150.0 Cropland 

DeHaan, Grabs Associates, LLC 

Quarter s T R 
SE 1/4 11 139 N 55W 

NW1/4 12 139 N 55W 

W1/2 29 140 N 54W 

E 1/2 29 140 N 54W 

N 1/2 29 140 N 54W 

NE 1/4 32 140 N 54W 

12/3/2015 

*Nitrogen Risk Phosphorus #Runoff Application Rate 
Owner of Land Easements Assessment Index Ratina Setbacks Limitations ABest Management Practices 

Randy Melvin Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Randy Melvin Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Tim Bernston Yes Low Low No Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Tim Bernston Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Tim Bernston Yes Low Low Yes Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

Tim Bernston Yes Low Low No Crop N Removal Soil testing should be completed at least every other year to monitor nitrogen and at least once every five years to 
monitor phosphorus levels. Soil samples should be taken to the rooting depth of each crop in the rotation to reduce 
the risk of leaching nitrate nitrogen out of the root zone. 

10.C.1 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

---=PO Box 522 I Mandan, ND I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Tim Bernston 

Legal: NE 114 S32-T140N-Rs4W, Cass County, ND 

Acres: 150 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

----=PO Box 522 I Manden, ND I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
N rune: Rolling Green Sow Farm 

Landowner: Tim Bernston 

Legal: S29-T140N-Rs4W, Cass County, ND 

Acres: 557.7 Combined 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching- High Risk "R" Phosphorus Runoff- High Risk 

~. w 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

___ PO Box 522 I Mondon, ND I 58554 

Legend 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: NW 114 S12-T139N-Rs5W, Cass County, ND 

Acres: 107.7 

_ Boundary Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk 

\\~ 
~ :; 
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---

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 
PO Box 522 I Mandan. ND I 58554 

Water Quality Risk Assessment Map 
N rune: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: S 112 SE l/4 S11-T139N-R.s5W, Cass County, ND 

Acres: 57.6 

Legend 

~ Boundary Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk • s 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

--~PO Bo• 522 I Monden, ND I 58554 

Legend 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: E 112 S4-T139N-Rs5W, Cass County, ND 

Acres: 300.68 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consultlng Engineers 

----=PO Box 522 I Moncbin, NO I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
N aine: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: NE l/ 4 S2-T139N-Rs5W, Cass Connty, ND 

Acres: 146.9 Combined 

Registered Wells ~ Setback Tile Inlets 

" L" Nitrogen Leaching- High Risk "R" Phosphorus Runoff- High Risk • s 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

-----=PO Box 522 I ~ndan, ND I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
N aine: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: S11-T140N-Rs5W, Cass County, ND 

Acres: 488.4 Combined 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk 

~ 
\\~ 

s 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

--~PO Box 522 I Mandan, ND I 58554 

Legend 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Jonathan Melvin 

Legal: NW l/ 4 S14-T140N-Rs5W, Cass County, ND 

Acres: n2.3 

Boundary Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching- High Risk "R" Phosphorus Runoff- High Risk • s 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consultlng Englneors 

--~PO Box 522 I ~ndon, NO I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Jonathan Melvin 

Legal: SE l/ 4 S10-T140N-Rs5W, Cass County, ND 

Acres: 158 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching- High Risk "R" Phosphorus Runoff- High Risk ·• 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

--~PO Bo• 522 I Mandan, ND I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
N rune: Rolling Green Sow Farm 

Landowner: Joseph Harbeke 

Legal: NE 1/4 S14-T139N-Rs5W, Cass County, ND 

Acres: 140.2 

lJ Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

----=PO Box 522 I Mandan, NO J 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
N rune: Rolling Green Sow Farm 

Landowner: Eldwyn Van Bruggen 

Legal: E 112 S32-T139N-Rs4W, Cass County, ND 

Acres: 291.3 Combined 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

___ PO Box 522 J Mandan, ND I 58554 

Legend 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: W 112 SW 1/4 S12-T139N-Rs5W, Cass County, ND 

Acres: 78 

_ Boundary Registered Wells W Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk • 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

--~PO Box 522 I Mandan, NO I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
N rune: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: N 112 S36-T140N-Rs5W, Cass County, ND 

Acres: 282.8 Combined 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk 

,~. w 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

---PO Bo• 522 I Mandan, ND I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: NW 114 S4-T139N-Rs4W, Cass County, ND 

Acres: i56.4 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff- High Risk • .... 
' 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

--~PO Bo• 522 I Mandan, ND I 58554 

Legend 

Boundary 

Water Quality Risk Assessment Map 
Name: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: E 1/2 S9-T139N-Rs4W, Cass County, ND 

Acres: 280.5 Combined 

Registered Wells Setback Tile Inlets 

"L" Nitrogen Leaching - High Risk "R" Phosphorus Runoff - High Risk • s 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Englnoors 

----~ PO Box 522 I Mond•n, ND I 58554 

Soil Map 
Name: Rolling Green Sow Farm 

Landowner: Tim Bernston 

Legal: NE l/4 S32-T140N-Rs4W, Cass County, ND 

Acres: 150 
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000267

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

----~PO BoJC 522 I Mandan, ND I SSSS4 

Soil Map 
N rune: Rolling Green Sow Farm 

Lando"'111er: Randy Melvin 

Legal: S29-T140N-Rs4W, Cass County, ND 

Acres: 557.7 Combined 
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000268

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consultlng Engineers 

----==PO Bow 522 I Mond.m, NO I 58554 

Soil Map 
Name: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: NW t/4 S12-T139N-Rs5W, Cass County, ND 

Acres: 107.7 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

-----=PO Box 522 I Monden, ND I 58554 

Soil Map 
N aine: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: S 112 SE l/ 4 S11-T139N-Rs5W, Cass County, ND 

Acres: 57.6 
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000270

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

- - - -= PO Bow 522 I M.lndan, ND I 58554 

Soil Map 
Name: Rolling Green Sow Farm 

LandO"\o\l'Jler: Randy Melvin 

Legal: E 112 S4-T139N-Rs4W, Cass County, ND 

Acres: 300.68 
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000271

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

------'""PO Box 522 I M1nd•n. ND I 58554 

Soil Map 
N aine: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: NE 112 S2-T139N-Rs5W, Cass County, ND 

Acres: 146.9 Combined 
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000272

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

----~PO Box 522 I ~ndan, ND I 58554 

Soil Map 
N aine: Rolling Green Sow Farm 

Landowner: Randy Melvin 

Legal: S11-T140N-Rs5W, Cass County, ND 

Acres: 488.4 Combined 
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000273

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Co nsulting Engineers 

- -----'= PO Box 522 I M•ndan, ND I 58SS4 

Soil Map 
Name: Rolling Green Sow Farm 

Landowner: Jonathan Melvin 

Legal: NW l/ 4 S14-T140N-Rs5W, Cass County, ND 

Acres: 112.3 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

----=PO BoK 522 I MandAn, ND I 58554 

Soil Map 
N arne: Rolling Green Sow Farm 

Landowner: Jonathan Melvin 

Co J« <;<>'I Desc1 r t on 

Legal: SE l/4 S10-T140N-Rs5W, Cass County, ND 

Acres: 158 
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000275

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consult ing Engineers 

----~PO Box 522 I Mandan, ND I SBSS4 

Soil Map 
Name: Rolling Green Sow Farm 

Landowner: Joseph Harbeke 

Legal: NE 1/ 4 S14-T139N-Rs5W, Cass County, ND 

Acres: 140.2 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

-----= PO Bo• 522 I Monclan, ND I 58554 

Soil Map 
Name: Rolling Green Sow Farm 

Landowner: Eldwyn Van Bruggen 

Legal: E 112 S32-T139N-Rs4W, Cass County, ND 

Acres: 291.3 Combined 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

------'"'PO Box 522 I Mandan, ND I 58554 

Soil Map 
Na.me: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: W 112SW 1/ 4 S12-T139N-Rs5W, Cass County, ND 

Acres: 78 
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000278

DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consultlng Engineers 

----~PO Box 522 I Mond~. ND I 58554 

Soil Map 
N rune: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: N 1/2 S36-T140N-Rs5W, Cass County, ND 

Acres: 282.8 Combined 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

----=PO Box 522 I Mandan, NO I 58554 

A e~ S\n>bQI NC0 17 

Soil Map 
N aine: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: NW 1/ 4 S4-T139N-Rs4W, Cass County, ND 

Acres: 150 
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DEHAAN, GRABS & 
ASSOCIATES, LLC 
Consulting Engineers 

___ ....:::!!PO Bo• 522 I ~nden, ND I 58554 

Soil Map 
N rune: Rolling Green Sow Farm 

Landowner: Melvin Family RE LLLP 

Legal: E 112 S9-T139N-Rs4 W, Cass County, ND 

Acres: 204.9 Combined 
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Rolling Green Family Farms RE, LLP 
Cass County, ND 

lOD. LAND APPLICATION EASEMENTS 

Land application easements for nutrient application are attached. 

DeHaan, Grabs & Associates, LLC 

Revised: December 2015 

I 



000282

MANURE SPREADING AGREEMENT 

I, "J 0()£//f d ///r/l/)?ftE (Property Owner's Name) owning fields with the 
following legal descriptions and approximate acres: 

• Legal Description (/Jf_ W1 14 - r3/i . ~;; s· Approximate Acres:_ Is 7 0. 6 

• Legal Description Approximate Acres:_ 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres:_ 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres:_ 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres:_. ____ _ 

These fields located in C:_".,_,,~.,. County do hereby give Rolling Green Sow Farm 
permission to apply effluent and/ or solids to !he above listed acreage as fertilizer. The acreage 
will be used for raising . The application rate of effluent 
and/or solids from the Rolling Green Sow Farm will not exceed the crop's nutrient needs in a 12-
month period and will be in accordance with good farming practices. 

This agreement is for I S' years and shall be renewed automatically for the same amount of 
time specified above, unless written notification of said parties' intent to not renew the 
Agreement is received by Registered Mail at least one Hundred Eighty (180) days in advance of 
the expiration of this Agreement. If the above property is to be sold or disposed of by the 
Property Owner or his Estate, that his Easement be an attached Condition of Sale and Above 
terms will stay in effect with the new Property Owner. 

SIGNED: 

Property owne1a,)fpt g f ~kl 
(} S'ignatllid: 

J r.J )ff/I J f/ll-N B 13/iE 
Print Name 

Facility Owner: :J ~ // 
.{ ·- D---,. /!'::°L---_ 

'signature 7 



000283

MANURE SPREADING AGREEMENT 
--- . ·----:--: 

I, ·' JC:.-7c./cL I r1J"",/.,, :" (Property Owner's Name) owning fields with the 
following legal descriptions and approximate acres: 

• Legal Description I/·- /Lj C - _s· ~- Approximate Acres:_=S~o~· <.)~

Legal Description~(l,~i(~· Y.~1 Y,__=L~---_I 5='1~·-5_.::i_'-__ Approximate Acres: __ /_~~·-_o_· __ • 
• Legal Description l Yz. 4 - j 3f1 . Si../ Approximate Acres: 3f2o. iQ 8 

• Legal Descriptions~ :::.LY., Ji - I ~<i- ~-_;;,- Approximate Acres: GO 

• Legal Descriptionfl./LJ V'"i i 2..- I ~'1 - 5~- Approximate Acres: 12C.· 

• Legal Description:,_ _________ Approximate Acres: ____ _ 

• Legal Description Approximate Acres: ____ _ 

• Legal Description Approximate Acres: ____ _ 

These fields located in (.;..s.J County do hereby give Rolling Green Sow Farm 
permission to apply effluent and/ or solids to the above listed acreage as fertilizer. The acreage 
will be used for raising . The application rate of effluent 
and/or solids from the Rolling Green Sow Farm will not exceed the crop's nutrient needs in a 12-
month period and will be in accordance with good farming practices. 

This agreement is for _LS_ years and shall be renewed automatically for the same amount of 
time specified above, unless written notification of said parties' intent to not renew the 
Agreement is received by Registered Mail at least one Hundred Eighty (180) days in advance of 
the expiration of this Agreement. If the above property is to be sold or disposed of by the 
Prope1iy Owner or his Estate, that his Easement be an attached Condition of Sale and Above 
terms will stay in effect with the new Prope1iy Owner. 

SIGNED: 
~ ~ ·-· 

Property Owner &.£/! c;;;;.z----· .. /-:-::> / ' -~ !t-' . /\-·4-kdt:i..(. 1·· ·:,_, .,. 
'-·• V· ,....._ 

Signature Print Name 

Facility Owner: ~I-£./~--
signature 7 

~---·-z L~" ~~~-----
Pl?nt Name 



000284

MANURE SPREADING AGREEMENT 

I, ·~,.,, Be. r/l"/-;;,o•'L (Property Owner's Name) owning fields with the 
following legal descriptions and approximate acres: 

• Legal Description .sec n<-Y\ zq l t./ c. 51../ Approximate Acres: S-~o 

• Legal Description 1V€ ~:t Z?c f2 i'-/o--j-'f' Approximate Acres: I .:,-.s~ 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Desc1iption Approximate Acres: 

• Legal Description Approximate Acres: ____ _ 

These fields located in Ca:,15 County do hereby give Rolling Green Sow Farm 
permission to apply effluent q.nd/ or ~olids to the above listed acreage as fertilizer. The acreage 
will be used for raising~ (~·wn /;c.vfui;;<.Jhe application rate of effluent 
and/or solids from the Rollingoreen&;Wiafm will no't exceed the crop's nutrient needs in a 12-
month period and will be in accordance with good farming practices. 

This agreement is for /b years and shall be renewed automatically for the same amount of 
time specified above, unless written notification of said parties' intent to not renew the 
Agreement is received by Registered Mail at least one Hundred Eighty (180) days in advance of 
the expiration of this Agreement. If the above property is to be sold or disposed of by the 
Prope11y Owner or his Estate, that his Easement be an attached Condition of Sale and Above 
terms will stay in effect with the new Property Owner. 

SIGNED: 

Facility Owner: /.:) __ d.-, £/_ 
Signature / 

Print Name 

~ / L-:· ·_ c A " /<.? ,-d_-~e ./" 
rintName 



000285

MANURE SPREADING AGREEMENT 

I, ())c_/,/(\ t:C,n.'J..., i< ~- ,LLLt,., (Property Owner's Name) owning fields with the 
following legal de

1
criptions and approximate acres: 

• Legal Description (L•l.;1 ~ 4 _, J ~q _ S '-i Approximate Acres: I 5 O 

• LegalDescriptionc ~ Li- 139 .i:,-;;.i Approximate Acres: 41.e'-/, <;z 

• Legal Description !U J{ ?.::i6 -· i 9 D -s -5~ Approximate Acres: 2 9 3 

• Legal Description I,/ 1/L ..>w «. I z.-Ji/f -55
-Approximate Acres: 78 

• Legal Description __________ Approximate Acres: ____ _ 

• Legal Description Approximate Acres: ____ _ 

• Legal Description Approximate Acres: ____ _ 

• Legal Description Approximate Acres: ____ _ 

These fields located in (~a,s.~ County do hereby give Rolling Green Sow Farm 
permission to apply effluent and/ or solids to the above listed acreage as fertilizer. The acreage 
will be used for raising . The application rate of effluent 
and/or solids from the Rolling Green Sow Farm will not exceed the crop's nutrient needs in a 12-
month period and will be in accordance with good farming practices. 

This agreement is for /S years and shall be renewed automatically for the same amount of 
time specified above, unless written notification of said parties' intent to not renew the 
Agreement is received by Registered Mail at least one Hundred Eighty (180) days in advance of 
the expiration of this Agreement. If the above property is to be sold or disposed of by the 
Prope11y Owner or his Estate, that his Easement be an attached Condition of Sale and Above 
terms will stay in effect with the new Property Owner. 

SIGNED: 

Property Owner cz!:J..J.-/', aid >itc / ~ 
Signature 

Facility Owner: 

Print.Name 

~~~_g__/_ 
Print :N'"ame 
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MANURE SPREADING AGREEMENT 

I, _)01'\o...-\""G..C\.. ri\..e.\.....1: l\ (Property Owner's Name) owning fields with the 
following legal descriptions and approximate acres: 

• Legal Description SE Y:i JD ·- /'-/u .. s:s"· Approximate Acres: ;5- B 

• Legal Description /Uu) J< Jl/ - i40 -ss- Approximate Acres:--.LL 3 </6' 

• Legal Description __________ Approximate Acres: _____ _ 

• Legal Description __________ Approximate Acres: ____ _ 

• Legal Description __________ Approximate Acres: ____ _ 

• Legal Description __________ Approximate Acres: ____ _ 

• Legal Description __________ Approximate Acres: ____ _ 

• Legal Description Approximate Acres: ____ _ 

These fields located in C ~.:...':> County do hereby give Rolling Green Sow Farm 
permission to apply effluent and/ or solids to the above listed acreage as fertilizer. The acreage 
will be used for raising . The application rate of effluent 
and/or solids from the Rolling Green Sow Farm will not exceed the crop's nutrient needs in a 12-
month period and will be in accordance with good farming practices. 

This agreement is for I S years and shall be renewed automatically for the same amount of 
time specified above, unless written notification of said parties' intent to not renew the 
Agreement is received by Registered Mail at least one Hundred Eighty (180) days in advance of 
the expiration of this Agreement. If the above property is to be sold or disposed of by the 
Property Owner or his Estate, that his Easement be an attached Condition of Sale and Above 
terms will stay in effect with the new Property Owner. 

SIGNED: 

Property Owner~(\ ~ 
Signature 

Facility Owner: 

Print Name 

/ ,;:::;? ,/> ,/ ,. 
L...:C>.;:-~ -- -;? /( . /""<:'· 1/<·~· -<i'/.....-- -· 

Print' Name 
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MANURE SPREADING AGREEMENT 

I, ~ ~ ~ (Property Owner's Name) owning fields with the 
following legal descriptions and approximate acres: 

• Legal Description f Vz. 3.) - J:~<J . .S '- J Approximate Acres: 308. §c:( 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: 

• Legal Description Approximate Acres: ____ _ 

These fields located in (.;~.st County do hereby give Rolling Green Sow Farm 
permission to apply effluent and/ or solids to the above listed acreage as fertilizer. The acreage 
will be used for raising . The application rate of effluent 
and/or solids from the Rolling Green Sow Farm will not exceed the crop's nutrient needs in a 12-
month period and will be in accordance with good farming practices. 

This agreement is for IS years and shall be renewed automatically for the same amount of 
time specified above, unless written notification of said parties' intent to not renew the 
Agreement is received by Registered Mail at least one Hundred Eighty (180) days in advance of 
the expiration of this Agreement. If the above property is to be sold or disposed of by the 
Property Owner or his Estate, that his Easement be an attached Condition of Sale and Above 
terms will stay in effect with the new Property Owner. 

SIGNED: 

Property Owner ~ t/ ~ ~ /3.l..:fw Y N V.11-N B1- e117 /; N 

Signature ' Print Name 

Facility Owner: A / ~· ----/-··-~--z~ 

SignatuP?' 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

Revised: December 2015 

10.E. LAND APPLICATION SOIL TESTS AND SOIL TESTING 
PROCEDURES 

1. Soil Testing Procedure, Bulletin SF-990 

2. Land Application Soil Tests 

DeHaan, Grabs & Associates. LLC 1 
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Rolling Green Family Fanns RE, LLP Revised: December 2015 
Cass County, ND 

1. Soil Testing Procedures 
Soil samples shall be collected and prepared according to North Dakota State University 
Extension Service guidance contained in Publication SF 990, Soil Sampling for Fertilizer 
Recommendations as shown on the next page. 

Avoid taking soil test sample within 9 months after a manure application. 

Soil testing shall include analysis for any nutrients for which specific information is 
needed to develop the nutrient plan. Request analyses pertinent to monitoring or 
amending the annual nutrient budget, e.g. pH, electrical conductivity (EC), soil organic 
matter, nitrogen, phosphorus, and potassium. 

The m;nimum analysis for North Dakota is to include: pH, electrical conductivity (EC), 
soil organic matter, nitrogen, phosphorus, and potassium. 

DeHaan, Grabs & Associates, LLC 2 
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··o""!"" ______________________ _ 

·Ji Crops Economlcs-Communlty·Loadershlp Envlronmont·Natural RGSOUtCes 
;~ FamiiY·Youlh-4.fi Hon»-lawn-Gardon·Tro<>s Uwstocl< Nuttllfon-Food SafQty.ffffflh 

Soil Sampling as a Basis for Fertilizer Application 
SF-990 (Revised) August 1998 

D.W. Franzen, Soil Specialist, NDSU Extension Service 
L.J. Cihacek, Associate Professor, Soil Science, Director, NDSU Soil and Water Laboratory 

Index 

Importance of Soil Sampling 
Depth of Sampling 
Sampling Tools 
Soil Sample Handling 
Soil Sample Collecting, Where and How 
Summary 

----------------------

The accuracy of a soil test result is influenced by the laboratory analysis 
but may be influenced even more by the quality of the soil sample. 

Importance of Soil Sampling 

I SEARCH I 

Soil tests measure the relative nutrient status of soils and are used as a basis for profitable and environmentally responsible 
fertilizer application. The accuracy of a soil test result is influenced by the laboratory analysis but may be influenced even 
more by the quality of the soil sample. Sample collection is extremely important in the accuracy and repeatability of a soil 
test. Sample handling following collection is also important. A soil sample which does not represent the area being sampled 
will be misleading and result in over or under-application of fertilizer. It is therefore very important to collect and handle soil 
samples properly. 

There have been several changes in field sampling methods since the last revision of this circular. This revision will help 
direct soil samplers in methods for determining a composite soil test, but will also introduce site-specific methods for 
revealing within-field nutrient levels. The challenge has been to provide meaningful information about field and within field 
nutrient levels with minimal costs to the producer. 

When to sam pie 

Soil samples to be analyzed for soil pH, salt content, zinc (Zn) and phosphorus (P) can be taken nearly any time of year. 
Potassium (K) values from samples taken in frozen soil may test high compared to other times of the year. Sulfur (S) and 
chloride (Cl) are mobile in the soil, so sampling in the fall or spring is recommended. 

Most soil samples in North Dakota are taken for nitrate-nitrogen (N03-N) analysis. When samples are collected in the fall 
before September 15, a sampling date adjustment (SDA) should be used to compensate for additional N releases 
anticipated from soil organic matter and previous crop residue decomposition. Soil samples for N03-N may be taken without 
sampling date adjustment after September 15. After this date, most additional N releases from soil micro-biological activity 
are low. Soil samples may be taken for N03-N as early as August 1. The SDA adds one-half pound of N03-N to the soil test 
analysis for each day the sample is collected prior to September 15 (Table 1). 

Table 1. Sampling date adjustments if soil samples are 



000291

taken in the fall prior to September 15. 

Date of sampling Sampling date adjustment 

August 1 
August 15 
August 30 

lb N03-N/acre 
23 
15 
8 

September 5 
September 15 

5 
0 

Producers should not be reluctant to sample in early August following small grain harvest because of fear of greater N 
release from organic matter and residues compared to late fall sampling. lf yields were relatively high, the SDA adjustment 
represents potential N release well. Sampling fields before tmage also increases the reliabitity of the 0-6 inch soil core depth 
because of more uniform soil conditions compared to tilled fields. Waiting to sample small grain fields until late fall 
increases the risk of N uptake by small grain regrowth, which may contain up to 100 lb N/acre. Sampling standing row 
crops for N03-N is not recommended. 

Fall soil sampling results for NOs-N and Sare similar in most years to spring sampling. However, warmer than normal 
winters followed by an early spring combined with good soil moisture could increase N03-N and S levels through organic 
matter and residue mineralization. Green sugarbee1 leaves or other crop residues with relatively high N content may also 
contribute to early mineralization and increase spring N03-N levels compared to a fall soil sampling. In sandy soils with 
high rainfall or snow-melt following a fall sampling, fevers of NOa-N and Sin the spring compared to a fall sampling may 
decrease as nitrate and sulfate is leached out of the sampling zone. In most situations, however, fall sampling is a good 
guide to N and S application. 

Depth of Sam piing 

Soil sampling and analysis assumes 2,000,000 lb/acre of soil from 0-6 inches in depth. This weight per unit volume (bulk 
density) assumes a medium soil texture with some compaction typically found following cropping and harvest. Bulk density 
differences can make a difference of 10% in soil test results. Bulk density is ignored in commercial soil sampling, but 
consistency in soil sampling techniques is important because of soil bulk density differences, especially in surface cores. 
The depth of sampling required depends mainly on the nutrient of interest, the crop to be fertilized, and in some cases, the 
tillage system in place (Figure 1). 

Figure 1. Depth recommended generally for soil analysis of certain 
properties and nitrate analysis for crops. 

Soll Surface Soil Properties Crops 

0-6 inch 

6-24 inch 

pH, P,K, OM, er, s. Ca, Mg, 

CEC, Zn, NH4+-N, Fe, Mn, 
Cu, soluble salts, NA 

Alfalfa, clovers (anaryze only 
0-6 inch depth, nitrate analysis 
at deeper depths not 
necessary). 

Soluble salts, N03-N, S, Cl (in Wheat, barley, oats, durum, 
addition to 0-6 inch depth) corn, soybean, dry bean, 

potato, canola, crambe, 
mustard, sunflower, grass 
hay, pasture, millet, canary 
seed, flax, safflower, 
buckwheat, lentil, field pea, 



000292

24-48 inch 

Nutrients 

N03-N, in addition to the 0-6 
inch and 6-24 inch depths 

sorghum. sudangrass. 
(Separate 0-24 inch depth into 
a 0-6 inch and 6-24 inch 
depth.) 

Sugarbeet, malting barley. 
(Sunflower if greater than 30 
lb N/acre are anticipated at the 
24-48 inch depth.) (Separate 
cores into 0-6 inch, 6-24 inch 
and 24-48 inch depths.) 

For soil pH, P, K, Zn, copper (Cu) and manganese (Mn), sampling the 0-6 inch depth is adequate. fn long-term no-till 
fields, soil pH, P, and K may become stratified. Most studies for P and K suggest that stratification is not important as long 
as the fertilizer P and K rates based on a 0-6 inch value is followed. However, soil pH may be important in the surface 0-2 
inch layer because of possible herbicide interaction with lower pH levels. The 0-6 inch depth is also important for soluble 
salts, in addition to the 6-24 inch depth. 

To determine soil N03-N, Sand Cl, sampfes are taken from at least the 0-24 inch depth. The 0-24 inch sample should be 
broken into a 0-6 inch depth and a 6-24 inch depth, so that the relative position of Nin the soil can be determined. In some 
years, N03-N can be leached to lower depths so that large amounts are in the 6-24 inch tayer but only a small amount may 
be left in the 0-6 inch layer. Depending on the crop, soil N03-N may need to be determined on the 24-48 inch depth (2-4 
foot) also. A few areas within the Red River Valley have a history of poor sugarbeet quality due in part to the presence of 
especially high levels of soil N03-N at deep depths. In these special areas, deep N to 6 feet may also need to be checked. 

Crop 

For most crops, N03-N should be determined on the 0-24 inch depth. For sugarbeet and malting barley, the 24-48 inch 
depth should also be sampled to fine-tune N rates necessary to improve beet and grain quality. Sunflower also may use 
deep N; however, deeper sampling is conducted not to improve quality, but to save money on N fertilizer when there is 
reason to suspect the presence of large quantities of Nat deep depths, such as following years of growing sha!low rooted 
crops, following fallow, and when previous crop yields have been low. 

Tillage system 

Under conventional tillage and conseNation tillage, sampling 0-6 inch, 6-24 inch and the 24-48 inch depths described 
previously are appropriate. Under long-term no-till, stratification of soil non-mobile nutrients and soil pH will occur. 
Phosphate and soil pH stratification are common, with high P and lower pH levels at the surface 0-2 inch depth and lower P 
and higher pH levels at deeper depths. If the lower depths become depleted In P, application of more deeply placed P may 
be beneficial, especially in drier seasons. Soil pH tends to become acid at the surface, especially if N fertilizers are applied 
to the surface. Separating the 0·6 inch depth into a 0-2 inch depth and 2-6 inch depth would identify these trends (Figure 
2). 

Figure 2. Sampling under special tillage conditions. 

Ridge till 

No till for soil pH and P 
if stratification from long-term 

no till is suspected 
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Sample is obtained straight 
downwards, 

6 inches from the ridge center 

Special sampling situations 

--·---...,: .. 

The 0-6 inch core is separated 
into a 0-2 inch and 2-6 inch depth 

for soil pH and P 

Ridge-till is occasionally used in North Dakota, but it is a popular t111age system in some areas of the corn-soybean belt. In 
ridge till, ridges are built by deep cultivation during the growing season and remain in the field following harvest and 
through the winter. At planting, the top of the ridge is removed, exposing moist soil for seeding, and soil from the top of the 
ridge is moved into the row middles. Starter fertilizer is often used at planting, and sometimes deep-placed fertilizer is 
applied right under the ridge-top in the fall. Ridge-till should be sampled 6 inches to either side of the ridge-top and straight 
down into the ridge (Figure 2). 

Fields with a history of large band applications of P and Kare special problems, especially where within-field P and K levels 
are to be determined. When band rates greater than about 30 lb P20s or K20 are used, there may be a residual effect of 
the fertilizer band for several years. lf the bands can be located, they should be avoided when sampling. In North Dakota. 
high reproducibifity of P levels has been achieved in grids or zones using eight to 1 O soil cores where 20-30 lb P20s has 
been applied annually. For sampling whole fields, the 20 cores per field recommendation is appropriate. 

I more I 

SF·990 (Revised) August 1998 

County Commissions, North Dakota State lkliversity and U.S. Department of Agriculture cooperating. North Dakota State University does not 
discriminate on the basis of race, color, national origin, religion, sex, gender identity, disability, age, status as a U.S. veteran, sexual orientation, marttal 
status, or public assistance status. Direct inquiries to the Vice President for Equity, Diversity and Global Outreach, 205 Old Main. (701) 231-7708. This 
publication will be made a11aHable in alternative formats for people wilh disabilities upon request, 701 231-7881. 

JNrORMATION ACADEMICS R£SEARCH EXTEllSION PUOl.ICATIONS CAl.E;lll)AR WEATHER DIRECTORY 

NDSU is an equal opportunity instilutlon 

This information may be p11o1ocopled for noncommercial, ewcationar pU1pOses inns entirely with no changes. 
Requests to Ulle any portion of Ille document should be sent to f'!DSU ~!§§i..~...@~\!,~. 

North Dakota State University Agriculture llll<:l Universtty Extension 
Dept. 7070, Mlrrill7, P.O. Box6050, Fargo. N058108-«J50 

I 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

2. Land Application Soil Tests 

DeHaan, Grabs & Associates, LLC 

Revised: December 2015 
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_O_E_n_T_R_O_l __ ~-----·............_,--F-IEL_D_ID_so-9~-~-T-ES_T_R_E_P_OR-T=:J 
~RoP .. c.~~~~c~:':'.~~. _.,,, .. ,,,.•<•• ·•··''''·Ii.~~~%!~'\ SAMPLE ID MGF-9-1 

Soil Analysis by Agvise Laboratories 

(http://www.agvlse.com) 

Northwood: (701) 587-6010 
Benson: (320) 843-4109 

FIELD NAME Field 1 

COUNTY CASS 

TWP HOWES RANGE 

SECTION 9 QTRNESE ACRES 202 

PREV. CROP Beans-Edible 

------------------------· ... ...------------------------------
SUBMITTED FOR: 

MELVIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, ND 58011 

SUBMITTED BY: OL0549 
MATT OLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072- REF# 

LAB 4f. 

978996 BOX# 

NW7$184 

0 l 
Date Sampled Date Received 10/01/2014 Date Reported 5/12/2~ 

Broadcast 

Broadcast 

Broadcast Broadcast Broadcast 

-+----

Crop 1: Nitrogen is credited 37.5 lbs for the previous crop. Nitrogen credits may need to be adjustad based on focal conditions. Many crops may respond to a starter 
appflcat!on of P & K even on high soil tests. Crop Removal: P20S = 56 K20 = 38 
Ct·op 2: Nitrogen is credited 25.125 lbs for the previous crop. Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high solf tests. Crop Removal: P20S = 28 K20 = 28 
crop 3: Nitrogen Is cretlited 25.125 lbs for the previous crop. Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removal: P205 = 35 K20 = 60 Soybeans may respond to nitrogen on fields testing less than 60 lb/ac with a limited 
soybean history. 
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Soil Analysis by Agvlse Laboratories 

(http://www.agvise.com) 

Northwood: (701) 587-6010 
Benson: (320) 843-4109 

SUBMITTED FOR: 
MELVIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, NO 58011 

SOIL TEST REPORT 

FIELD ID 9-2 

SAMPLE IO MGF-9-2 

FIELD NAME Field 2 

COUNTY CASS 

TWP 

SECTION 

HOWES 

9 

RANGE 

QTR NESE ACRES BO 

PREV. CROP Corn-Grain 

SUBMITTED BY: OLOS49 
MAITOLSON 

1230 3RD AVE NW 

VALLEY crrv, ND 58072-

J N ;----·-7-·----·1·---- -.,. ---·1 
I . : i 
I ., ' 

, I '. 
W -----··---~ .. --.. ·---·~·-·--·"-- .. --~- ----·-·-·· E 

~ I ; 

REF# 

LAB# 

·- ..... } .. .J. 
' I 

979047 BOX# 

NW154910 

0 

} 

[ Date Sampled Date Received 11/03/2014 Date Reported 5/12/2015 J 

General Comments: Texture is not estimated on high pH soifs. 

CTop 1: *"Chloride yield data is limited for this crop. Many crops may respond to a starter apptl~atlon of p & Keven on high soil tests. High salt levels may decrease ylelt;ls 
In portions of this field. Extra nitrogen is suggested. Crop Removal; P20S = 56 K20 = 38 

Crop 2: Many crops may resp<>nd to a starter application of P & Keven on high soil tests. High salt levels may decrease yields in portions of this field. Extra nitrogen is 
suggested. Crop Removal: P20S = 28 K20 = 28 

Crop 3: Many crops may respe>nd to a starter application of P & Keven on high sell tests. tii9h salt levels may decrease yields in portions of this field. Extra nitrogen is 
suggested. The risk of the d<ivelopment of iron chlorosis on soybeans on this field is ext re.me based on the salt and carbonate levels. Crop Removal; P20S = 35 K20 = 60 
Soybeans m<1y respond to nitrogen on fields testing fess than 60 lb/ac with a limlted soybean history. 
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Soil Analysis by Agvise Laboratories 

(http://www.agvise.com) 

Northwood: (701) 587·6010 

Benson: (320) 843-4109 

SUBMilTED FOR: 
MELVIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, ND 58011 

SOIL TEST REPORT 

FIELD ID 4-1MGF 

SAMPLE ID MGF·4-1 

FIELD NAME Field 3 

COUNTY CASS 

TWP 
SECTION 

HOWES 

4 

RANGE 

QTRNW 

PREV. CROP Corn-Grain 

ACRES 146 

SUBM!lTED BY: OL0549 
MATIOLSON 

1230 3RDAVE NW 

VALLEY CITY, ND 58072- REF# 

LAB·# 

982498 
NW128184 

BOX# 0 

] 

Date Sampled Date Received 10/22/2014 Date Reported 5/12/2015 ] 

Broadcast Broadcast 

Broadcast Broadcast 

Broadcast Broadcast 

Crop l: Many crops may respond to a starter application of P & Keven on high soil tests. Crop Rem.:>val: P20S" SC> K20 = 38 
Crop 2: Many crops may respond to a starter appltcation of P JI< Keven on high soil tests. Crop Removal: P20S = 28 K20 = 28 

Broadcast 

Broadcast 

Broadcast 

Crop 3: Many crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P205"' 351<20 = 60 Soybeans may respond to nitrogen on fie Ids 
testing Jess than 60 lb/ac witfJ a limited soybean history. 
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CEnTROl .. 
Soil Analysis by Agvise Laboratories 

(http://www.agvise.com) 

Northwood: (701) 587-6010 
Benson: (320) 843-4109 

SUBMITTED FOR: 
MELVIN GRAIN FARMS 

3510 l39TH AVE SE 

BUFFALO, ND 

Date Sampled 

58011 

SOIL TEST REPORT 

FIELD ID 36-1 

SAMPLE ID MGF-36-1 

FIELD NAME Field 4 

COUNTY CASS 

TWP TOWER AANGE 

SECTION 36 QTRNW ACRES 35 

PREV. CROP Beans-Edible 

SUBMITTED BY: OL0549 
MATT OLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-

Date Received 10/04/2014 

Broadcast 

4 Broadcast 

W .................. --;-----·····-···--··---...... , .. ._ ............ E 

REF# 

LAB .ft. 

I 
l. •- .~ °' ' •'•" - M ,.J ~- ·- .,. -
i 

s 
978994 BOX# 0 

NW84685 

Date Reported 5/12/2015 

Broadcast Broadcast 

Broadcast Broadcast 

---+=--· 
i 

crop 1: Nltrogen is credited 37.5 lbs for the previous crop. Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
apptlcation of P & Keven on high soil tests. Crop Removal: P205 = 56 K20 = 38 
Crop 2: Nitrogen is credited 25.125 lbs for the previous crop. Nitroge11 credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
appUcation of P & Keven on nigh soil tests. Crap Removal: P2.0S = 2.8 K20 = 28 
Crop 3: Nitrogen is credited 25.125 lbs for the previous crop. Nitrogen credits may need to be adjusted based on rocal conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removal: P20S = 35 K20 = 60 Soybeans may respond to nitrogen on fields testing less than 60 lb/ac with" limited 
soybean history. 
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Soif Analysis by Agvise Laboratories 
(http://www.agvise.com) 

Northwood: (701) 587-6010 

Benson: {320) 843-4109 

SUBMITTED FOR: 
MELVIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, NO 58011 

_SOIL TEST REPORT-~ 
FIELD ID 36-2 

SAMPLE ID MGF-36-2 

FIELD NAME Field S 

COUNTY CASS 

TWP 

SECTION 

TOWER RANGE 

36 QTRNW ACRES 250.3 

PREV. CROP Corn-Grain 

SUBMIITED BY: OLOS49 
MAlTOLSON 

1230 3RO AVE! NW 

VALLEY CITY, ND 58072-

N 
r···········--;---··--·-r-·-··-·-:·------·1 

J. I 

: : l 
W ___ ., .. __________ ··-----·- «·-··-··-·--! E 

I . : I 

REF# 

LAB# 

' ' 

l
··. . ! - -·. - -:-

. ·-·-'"' ... ..J.-·~·--~~·~· ........ ~~--~--·.>- .... ~-.- ... ·--··-s 
979043 BOX# 0 
NW150276 l 

Date Sampled Date Received 10/31/2014 Date Reported 5/12/~ 

Crop 1: Many crops m~y respond to a starter applicatlon of P Ile Keven on hlgh soil tests. crop R<>moval: P20S"' 56 K20 = 38 
Crop 2: Mony crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P20S = 28 K20 = 28 
Crop 3: Many crops may respot1d to a start<>r appli<:ation of P & K even cm high soil tests. Crop !lemova I: P 205 = 35 K20 = 60 Soy!) ea ns may respond to nitrogen on fields 
testing less than 60 lb/ac with a limited soybean history. 
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~·-------·----- ---..,---S-O_I_L--T-ES_T_R __ E_P_O_R_T-·-··-·-·1 

g~f]!~~~~•- , ' "~·~r~i\ '·:::L~~~D ~~~~~:-: 
Soil Analysis by Agvise Laboratories 

(http://www.agvise.com) 

Northwood: (701) 587-6010 
Benson: (320) 843-4109 

-
SUBMITIED FOR: 

MELVIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, NO 58011 

FIELD NAME Field 6 

COUNTY CASS 

TWP 
SECTION 

HILL RANGE 

12 QTRSW ACRES 139.8 

PREV. CROP Beans-Edible 

SUBMITIED BY: Ol0549 
MATT OLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-

Date Received 09/24/2014 

Broadcast 

j Broadcast 

.... , ... -~; ........ ,: . .-.,. ... -·-~ .......... _ ~-----~--........... _ ... .,..~ ... 
s 

REF # 978995 60X # 0 
LAB :fi NW67290 

-
Date Reported 

Broadcast Broadcast 

Broadcast 

0 

4 Broadcast Broadcast 

Crop 1: NitrngM is credited 37.5 lbs for the previous «Op. Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests, Crop Removal: P205 = 56 K:ZO = 38 
crop 2: Nitrogen is credited 25.1:Z5 lbs for the previous crop. Nitrogen credits may need to b<> adjusted based on local conditions. Many crops may respond to a starter 
appllcatlon of P & Keven on high soil tests. Crop Removal: P205 = 28 K20 = 28 

Crop 3: Nitrogen is credited 25.125 lbs for the previous crop. Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high sol! tests. Crop Removal: P205 = 35 K20 = 60 Soybeans may rc.spond to nitrogen on fields testing less than 60 lb/ac with a limited 
soybean history. 

j 
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Soil Analysis by Agvlse Laboratories 
(http://www.agvise.com) 

Northwood: (701) 587-6010 

Benson: (320) 843·4109 

SUBMTITED FOR: 
MELVIN VAN BRUGGEN 

3510 139TH AVE SE 

BUFFALO, ND 

<··.iQ-611 
11~24·: 

58011 

FfELD NAME Fields 7&8 

COUNTY CASS 

TWP 

SECTION 

HOWES 

32 

RANGE 

QTRNE 

PREV. CROP Beans-Edible 

ACRES 154 

SUBMITTED BY: OL0549 
MATT OLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-

Date Received 09/20/2014 

I 

N r------·---·-···· 
I . I . 
I I 

l l 
WI ' 

REF# 

LAB# 

I 
I 
< .. 

! 
J 
s 

978427 BOX# 

NW62457 

0 

E 

Date Reported 5/12/2015 

1st Crop Choice 2nd Crop Choice 3rd Crop Choice 

Corn-Grain Wheat-Spring Soybeans 

YIELD GOAl YIELD GOAL YIELD GOAL 

140 BU 60 BU 40 BU 

SUGGESTED GUIDELINES SUGGESTED GUIDELINES SUGGESTED GUIDEUl'IES 

Centro! Centro! Centro! 

APPLICATION LB/ACRE APPLICATION LB/ACRE APPLICATION 

100 85 *** 

10 Broadcast 55 Broadcast 50 Broadcast 

0 0 0 

0 0 0 

3 Broadcast 0 1 Broadcast 

.';'.~§ .; 
~..,,,..,,,-;~--r-~-------i 

'li!i\~ ' 

Crop 1: Nitrogen Is credited 37.S lbs for the previous crop. Nitrogen credits may need to be adjusted based on local conditions. Many crop$ may respond to a starter 
application of P & Keven on high soil tests. Crop Rem ova I: P205 = 56 K20 = 38 

Crop 2: Nitrogen is credited 25.125 lbs for the previous crop. Nitrogen credits may need to be edjusted based on local conditions. Many crop$ may respond to a starter 
application of P & Keven on high soil tests_ Crop Removal: P20S c 38 K20 = 23 

Crop 3: Nitrogen is credited 25.125 lbs for the previous crop. Nitrogen credits may need to be adjusted l?ascd on local conditions- Many crops may respond to a starter 
appllcatro~ of P & Keven on high soil tests. <::rop Removal: P205 = 35 K20" 60 soybeans may respond to nitrogen on fields testing less than 60 lb/ac with a Umlted 
soybean h1Story. 
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CEnTROL.. 
CROP CONSULTING 

./ ••• 
Soll Analysis by Agvise laboratories 

(http://www.agvise.com) 
Northwood: (701) 587-6010 

Benson: (320) 843-4109 

SOIL TEST REPORT 

FIELD ID 32-2 

SAMPLE ID MVB-32·2 

FIELD NAME Field 9 

COUNTY CASS 

TWP 

SECTION 

HOWES RANGE 

32 QTRNW ACRES 157,1 

PREV. CROP Com-Grain 
'---------·---------------/'--------·-----------------' 

SUBMITTED FOR: 
MELVIN VANBRUGGEN 

3510 139TH AVE SE 

BUFFALO, ND 

<< .· o-6" 
·'· . . . 6·24" 

so;_~~its ' . 

58011 

SUBMITTED BY: OLOS49 
MATT OLSON 
1230 3RD AVE NW 

VALLEY CITY, ND 58072-
REF# 

LAB# 

982508 SOX# 

NW122937 

0 

Date Received 10/20/2014 Date Reported 5/12/2015 

1st Crop Choice . . . . 
com-Grain Beans-Edible soybeans 

YIELD GOAL YIELD GOAL YIELD GOAL 

140 BU 2000 LBS 40 BU 

SUGGESTED GU!DEUNES SUGGESTED GUIDEUNES SUGGESTED GUIDELINES 

central Centro! Centro! 

APPllCAT!ON LB/ACRE APPLICATION LB/ACRE APPLICATION 

*** 
55 Broadcast 

0 

0 

Broadcast 1 Broad~ast 

Crop 1: Many crops may respond to a starter application of P & Keven on high soli tests. High salt levels may decrease yields in portions of thlsfleld. extra nitrogen is 
suggested. Crop Removal: P205 = 56 K20" 38 

Crop 2: Many crops may respond to a starter application of P & Keven on high soil tests. High salt levels may decrease yields in portions of this field. Extra nitrogen is 
suggested. Crop Removal: P205 = 28 K20 = 28 

crop 3: Many crops may res.pond to a starter application of P & Keven on high soil tests. High salt levels may decrease yields in portions of this field. Extra nitrogen is 
sugge•tcd. Crop Removal: P205 = 35 K20 = 60 Soybeans may respond to nitrogen on fields testing less than 60 lb/ac with a limited soyooan history. 



000303

CEnTROL. 
CAOF' CON$ULTING 

/ 
aa-a:a 

Soll Analysis by Agvise Laboratories 

(http://www.agvise.com) 

Northwood~ {701) 587-6010 

Benson: (320) 843-4109 

SOIL TEST REPORT 

FIELD ID 14-1 

SAMPLE ID RAM-14-1 

FIELD NAME Field 10 

COUNTY CASS 

TWP HILL RANGE 

SECTION 14 QTR NE ACRES 94.8 

PREV. CROP Com-Grain 
~·-------------~~~--~~~~~--'~·--·~----~~~~~~-~-~~~~ 

SUBMITTED FOR: 
RANDY MELVIN 

3510 13STH AVE SE 

BUFFALO, ND 58011 

SUBMITIED BY: OLOS49 
MATT OLSON 

1230 3RD AVE NW 

VALLEY CllY I ND 58072-

N r·-··-----·-""T--·-----·· 
i I 
I i 

I I 
WI .1 

I i 

REF# 

LAS# 

L l. 
s 

979(}59 BOX # 

NW162307 

0 

E 

1 
Date San,>led Date Received 11/06/2014 Date Reported 5/12/2015 J 

Sol. sorts 

·. , ··'"o-6" .... -~·~A4:· 

1st Crop Choice 

corn-Grain 

YIELD GOAL 

140 BU 

SUGGESTED GUIDELINES 

Centro! 

APPLICATION 

145 

70 Broadcast 

20 Broadcast 

10 

4 Broadcast 

2nd Crop Choice 

Beans-Edlble 

YIELD GOAL 

:woo LBS 

SUGGESTED GUIDELINES 

Centro! 

LB/ACRE APPLICATION 

70 

45 Broadcast 

0 

0 

4 Broadcast 

Crop 1: Many crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P20S = 56 K20 = 38 
Crop 2: Many crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P205 = 28 1(20 = 28 

3rd Crop Choice 

soybeans 

YIELD GOAL 

40 BU 

SUGGESTED GUIDHINES 

Centro! 

LB/ACRE APPLICATION 

*** 
50 Broadcast 

0 

0 

1 Broadcast 

/i~_Q", 
;:.:·. 

Liiri~ 
· .. :-::f:'··=·' 

Crop 3: !'!any crops may respond to a starter application or P & Keven on high soil tests. Crop Removal: P205 = 35 K20 = 60 Soybeans may respond to nitrogen on fields 
testing less than 60 lb/ac with a limited soybean history. 



000304

CEnTROL~ ;:;;·~ CRO:? CONSUL TENO 

... ) "· 

Soil Analysis by Agvlse Laboratories 

(http://www.agvise.com) 

Northwood: {701) 587-6010 

Benson: (320) 843-4109 

SUBMllTED FOR: 
RANDY MELVIN 

3510 135TH AVE SE 

BUFFALO, ND 

. ' ... ·.:.: .-<~ .. ~'.24" 
d~i\aits ·. 

58011 

SOIL TEST REPORT 

FIELD ID 14-2 

SAMPLE ID RAM-14-2 

FIELD NAME Field 10 

COUNTY CASS 

TWP HILL RANGE 

N ,------------,---------

! I 

I I 
I ' Wi I E 

SECTION 14 QTRNE ACRES 49.2 

I ' PREV. CR.OP Com-Grain 

SUBMITTED BY: OLOS49 
MATT OLSON 

I .. .1 
s 

1230 3RD AV.E NW 

VALLEY crrv, ND 58072-
REF# 
LAB# 

979060 BOX# 0 
NW162293 

Date Received 11/06/2014 Date Reported 5/12/2015 

1st Crop Choice 2nd Crop Choice 3rd Crop Choke 

com-Grain Beans-Edlble Soybeans 

YIELD GOAL YIELD GOAL YIELD GOAL 

140 BU 2000 LBS 40 BU 

SUGGESTED GUIDELINES SUGGESTED GUIDELINES SUGGESTED GUIDELINES 

central Central Centro! 

APPLICATION LB/ACRE APPLICATION LB/ACRE APPL!CATION 

155 80 *** 
65 Broadcast 40 Broadcast 45 Broadcast 

25 Broadcast 0 0 

10 0 0 

4 broadcast 4 Broadcast 1 Broadcast 

•'fu·· 

<.,.,~.- ,:~~~.:: 
l!'M-.-i.-i-~~-t-~~~~-J~-.-',,.,-+-~---i~~~~---1 

Li.iie ·• ::Lime 
:.:.·~·.:-.=:.'.':.. ·>.· ;;.··>. 

Crap 1: Many craps may respond to a starter applicatlon of P & Keven on high soil tests. Crop Removal• P205 = 56 K20 = 38 
crop 2• Many crops may respond to a starter application of P & Keven on high soil tnts. Crop Remova r: P205 = 28 K20 = 28 
Crop 3: Many crops may respond to a starter application of P & Keven on high soil tests. Crap Removal: P205 = 35 K20"' SO Soybeans may respond ta nitrogen on fields 
testing less than 60 lb/ac with a limited soybean history. 



000305

:':.:: 

CEnTROL~ 
CROP CONSUL T\HQ 

/ 
LJ:WMa~ 

Soil Analysis by Agvise Laboratories 
(http://www.agvise.com) 

Northwood: (701) 587·6010 
Benson: {320) 843-4109 

SUBMITTED FOR: 
MELVIN GRAIN FARMS 

3510 139TH AVE SE 

13UFFALO,ND 58011 

Date Sampled 

.·o_-6" 6lb/ac 
.6"'.24" 6lb/ac 

0-24" lZlb/ac 

Nitrate 

Olsen 
nosphorus 

Potassium 

Chlonrt~ 

0-6" 
6-24" 

Sulrur 

Boron 

!Zinc 

Iron 

MangancS"e 

Cwoer 

~~1um 
fca1c1u_m __ 

---··-·•-"OH-Mo 

SOlllum 

1~rg.M atter 
-····-··-············· 

jcart>onate(CC e I 

0-6" 0.87 mmho/cm 
6-24" 2.07 mmho/cm 

,Sol. Salts 

.. 

SOIL TEST REPORT 

FIELD ID 10-1 

SAMPLE ID MGF-10-1 

FIELD NAME Field 11 

COUNTY CASS 

RANGE TWP 

SECTION 

TOWER 

10 QTRSE ACRES 107 

PREV. CROP Com-Grain 

SUBMITTED BY: OL0549 
MAlTOLSON 

1230 3RD AVE NW 

VALLEY cm, ND 58072~ 

N 

I I I W1--- ~---E 

'---------

REF # 

LAB# 

[. ··- . -------- .... ~---··- ---- --
s 

979016 BOX# 0 
NW14872S l 

Date Received 10/30/2014 Date Reported 11/11/20141 

2nd Crop Choice 

. SUG()~S-~~p }>q!Q~_L.t~~$.' 

.cenrror ···<C:e~'t?~j·•·.: 
t---.,.--,-----,-~-,,,_--,,t t---.,.-,-.,.,..··,..·'·,.,,,,.,,..,,,..=-...,· _. ·..,.·,..· · .. ,,.,,..·.•·, µ::±;;44;.;;:;~~~~~ 

LB/ACRE AP!'Li_CATION LBiACRE.·.· AP,PU~~H~~' c:l~~{gswrdi ~r~'-!~~ii~ff 
N 90 >!"'. :· .... 

Broadcast R~bs. o 
·--+------1 

K;O 0 0 

Cl 

10 s 0 's 0 
--~--

B .B 

3 Broadcast [__z_n-r-3 _ _,__s_r_o_a_d_ca_s_t~t--z_n_i----,f~~-~--; ;z_n l Broadcast 

/ Fe Fe 

L~-~-L .. J .. ______ _ Mn 

I I 

Buffer pH 

cu 

Lime 

Cation Exchange 
Capacity 

Fe 

-----
·Mn 

··~--·------

<;u 
·------

Mg 

_Lime 

% Ca % Mg O/o K O/o Na % H 

I 

j 

Crop 1: Many crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P20S "'56 K20 = 38 

\.. ·op 2: Many crops may respond to a starter ;ippllcatron of P & K e11en on high soil tests. Crop Removal: P205 = 28 K20 = 28 

""~~opJ: Many crops may respond to a starter applfcotlon of P & Keven on high soil tests. Crop Removal: PZOS = 35 KZO "'60 Soybeans may respond to nitrogen on fields 
testing Less than 60 lb/ac with a llmlled soybe;in history. 



000306

CEnTROL. 
SOIL TEST REPORT I 

_.~ FIELD ID 14•1MGF CROP corBuLTING 

SAMPLE IO MGF-14-1 

Soll Analysis by Agvlse Laboratories FIELD NAME Field 12 

i~ (http://www.agvise.com) COUNTY CASS 
Northwood: (701) 587-6010 TWP TOWER RANGE 

Benson: (320) 843·4109 SECTION 14 QTRNW ACRES 118 

PREV. CROP Corn·Grain 

SUBMITTeD FOR: SUBMITTED BY: OL0549 
MELVIN GRAIN FARMS MATT OLSON 

3510 139TH AVE SE 1230 3RO AV!: NW 

VALLEY CITY, ND 58072-
BUFFALO, NO 58011 

Date sampled Date Recel ved 10/27/2014 

Broadcast 

w 

REF# 

LAB# 

N 

-·-··---... ··-·-· ···-- --~-..·- -··-- E 
' 

- - .... . ... . - - . J. 

·····-- ··--·----... -·--···-......-.·-------~ s 
982497 BOX# 0 

NW140300 

Date Reported 10/27/20J4 

BtOi'ldC.-'\St ~roac!cast 

·.· · i~i;~~\l,~!l,hl,.q,li.i.uY.P.!S~vJiiiii~~t~,; 
~z~?t;'.'.ijii~~ ~~;.lJr~ rw~~~~ ,;w~s1l:~: 

Crop 1' Manv crops may respond to a starter applicalioll Of P & Keven on high soil tests. Crop Removal: P205 = 56 K20 = 3S 

crop 2: Many crops mav respond to a starter application of P 8c Keven on high :i;-oil tests. Crop Removal: P 20S ::i 28 K20 = 28 
Crop 3: Many Crops may respond to a storter application of P & Keven on high soil tests. Crop llcmoval: P20S = 35 K20 = 60 soybeons may respond to nitrogen on 
fields testlno less than 60 lb/ac with a limited soybean history, 



000307

Soil Analysis by Agvlse Laboratories 

(http://www.agvise.com) 

Northwood: (701} 587-6010 
Benson: {320) 843-4109 

SUBMITTED FOR: 
MELVIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, NO 58011 

FIELD ID 11-4 

SAMPLE ID MGF-11•4 

FIELD NAME Field 13 

COUNTY CASS 

TWP TOWER RANGE 

SECTION 11 QTRSE ACRES 183.6 

PREV. CROP Beans-Edible 

SUBMITTED BY: OL0549 
MATIOLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-
REF# 

LAB .f/: 

978990 BOX# 

NW72887 

0 

) 

( Date Sampled Date Received 09/27/2014 Date Reported 5/12/2015 l 

Crop 1: Nitrogen Is credited 37.5 lbs far the previous crai>. Nitrogen credits may need to be adjusted based on local conditions. Many croJ>S may t(!Spond to a starter 
applicatior> of I' & Keven on high soil tests. Croi> Removal: P205 = 56 K20 = 36 

Crop 2: Nitr01)en rs credited 25.125 lbs for the previous crop. Nitrogen cred;ts may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removal: P205 " 28 K20 = 28 

Crop 3; Nitrogen is credited 25.125 lbs fol' the previous crop. Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removal: P205 = 35 K20 = 60 Soybeans mav respond to nitrogen on fields testing !ass than 60 lb/ac with a limited 
soybean history. 



000308

CEnTROL~ 
CROP CONSUL. YING 

Soil Analysis by Agvise Laboratories 

(http://www.agvise.com) 
Northwood: (701) 587-6010 

Benson: (320) 843-4109 

SOIL TEST REPORT j 
FIELD ID 11-5 

SAMPLE ID MGF-11-5 

FIELD NAME: Field 13 

COUNTY CASS 
TWP TOWER RANGE 

S€CTION 11 QTRNE ACRES 202.3 

PREV. CROP Beans-Edible 

---~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~-~~~~~~~~~-~~-, 

SUBMITIED FOR: 
MELVIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, ND 

Date Sampled 

58011 

SUBMITIED BY: OL0549 
MATT OLSON 
1230 3RD AVE NW 

VALLEY CITY, ND 

Date Received 09/27/2014 

Broadcast 

REF# 978989 BOX# 0 

LAB :i,; NW72910 

Date Reported 5/ U/2015 

Broadcast Broadcast 

Broadcast 1 Broad.;ast 

Crop 1: Nitrogen is crecllted 37.5 lbs for the p1·evlous crop, Nitrogen credits may need to be adjusted based on local conditions, Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removal: P205 = 56 K20 = 38 
CroJ> 2: Nitrogen is credited 25.U.5 lbs for the previous crop. Nitrogen credits may need to be adjusted ba5ed on local conditions. Many crops may respond to a starter 
applecatlon of P & Keven on high soil tests. Crop Removal: P20S = 28 K20 = 28 
Crop 3: Nitrogen is credited 25.125 lbs for the previous crop. Nitrogen credits may nee.cl to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removi>I: P205 = 35 K20 = 60 Soybeans may respond to nitrogen on fields testing less than 60 lbfac with a limited 
soybean history. 



000309

Soil Analysis by Agvise Laboratories 

(http://www.agvise.com) 

Nortt1wood: (701) 587-6010 
Benson: (320} 843-4109 

SOIL TEST REPORT J 
FIELD IO 11-2 

SAMPLE ID MGF-11-2 

FfELD NAME Field 14 

COUNTY CASS 
TWP TOWER RANGE 

SECTION 11 QTRSW ACRES 72.S 

PREV. CROP Corn-Grain 

SUBMITTED FOR: SUBMITTED BY: OLOS49 
MELVIN GRAIN FARMS MATT OLSON 

3510 139TH AVE SE 

BUFFALO, ND 58011 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-

Date Received 10/27 /2014 

Bro11dcast 

I 

REF# 

LAB# 

N 
r-- ~---r- -- --i 

i 

s 
979029 BOX# 0 

NW140453 

Broadcast 

0 

0 

j Broadcast Broadcast 1 Broadcast 

Crop 1: Many crops may respond to a starter application of P & K ev1>n on high soil tests. Crop Removal: P20S = 56 K20 = 38 

Crop 2: Many crops may respond to a starter application of P &. Keven on high soil tests. Crop Removal: P;!.05 = 2.8 K20 "' 28 

crop 3: Many crops may respond to a starter application of P & Keven on high soll tests. Crop Removal: P205 = 35 K20 = 60 

---+----···--' ---+---·-l 

--+---j i 
i 



000310

Soil Analysis by Agvise Laboratories 

(tittp://www.agvise.com) 

Northwood: (701) 587-6010 

Benson: (320) 843·4109 

------·-----·-------
SUBMITTED FOR: 

MEI.VIN GRAIN FARMS 

3510 139TH AVE SE 

BUFFALO, ND 

[ Date Sampled 

58011 

SOIL !EST REPORT-~ 
FIELD ID 11-lMGF 

SAMPLE ID MGF-11-1 

Field Name Field 15 

COUNTY CASS 

TWP TOWER RANGE 

w 
SECTION 11 QTRHALF ACRES 85 

SUBMITTED BY: OL0549 
MATT OLSON 

1230 3RO AVE NW 

VALLEY crrv, ND 58072-

Date Received 10/30/2014 

REF# 

I.AB# 

Crop 1: Many crops may respond to a starter application af P & Keven on high soll tests. Crop Removal: P205 = 56 K20 = 38 

Crop 2: Many crops may respond to a starter application of P a Keven 011 nigh soil tests. crop Removar: P205 = 28 K20 = 28 

Croi> 3: Many crops may respond to a starter application of P & Keven on high soil tests, Crop Removal; P 205 = 35 K20 = 60 

0 l 982496 BOX# 

NW148884 

Date Reported 5/12/2015 ] 



000311

CEnTROL. 
CROP CONSUL TING 

Soil Anarysis by Agvise Laboratories 

(http://www.agvise.com) 
Northwood: (701) 587-6010 

Benson: (320) 843-4109 

SUBMITTED FOR: 
RANDY MELVIN 

3510 135TH AVE SE 

BUFFALO, NO 58011 

Sot.Salts 

N SOIL TEST REPORT 

FIELD ID 2-1 

J ,-----1 -~--·---
! 

1 
SAMPLE ID RAM-2-1 

FIELD NAME Field 16 

COUNTY CASS 

TWP HILL RANGE 

SECTION 2 QTRNE ACRES 63.7 

PREV. CROP Com-Grain 

SUBMITTED BY: OL0549 
MATIOLSON 

1230 3RO AVE NW 

W-

I 
I 
I 
l 

····+· 
I 

·I 
.J 
s 

E 

VALLEY CITY, ND 58072· 
REF# 

LAB# 

979054 BOX# 0 

NW146258 

Date Received 10/ 29/2014 Date Reported 5/12/2015 

1st Crop Choice 2nd Crop Choice 3rd Crop Choice 

Com-Grain Beans-Edlbfe Soybeans 

YIELD GOAL YIELD GOAL YfElD GOAL 

140 BU 2000 LBS 40 BU 

SUGGESTED GUJDEWIES SUGGESTED GUIDEUNES SUGGESTED GUIDELINES 

Centro! centrol Centro! 

APPLICATION LB/ACRE APPLICATION LB/ACRE APPLrCATION 

160 85 

80 Broadcast 50 Broadcllst Broadcast 

20 Broadcast Q 

10 0 

4 Broadcast ·Zn .. 4 Broadcast Broadcast 

,;i,1i1'· --~~ 
~_,_ ...... ~~-+~~~~~~ 
::c;:;. 

_;,.·,·,. 

Crop 1: Manv crops may respond to a starter appHcalion of P & Keven on high soil tests. Crop Removal: P20S = 56 K20 = 38 

crop 2: Many crops may respond to a starter appHcation of P & Keven on high soil tests, Crop Removal: P205 = 28 K20 = 28 

Crop 3: Manv crops may respond to a starter application of P & Keven on high soiltests. Crop Removal: P205" 35 K20" 60 Soybeans may respond to nitrogen on fields 
testing tess than 60 lb/ac with a limited soybean history. 



000312

CEnTROL. 
CRO? CONSUL TING 

Soi! Analysis by Agvise Laboratories 

(http://www.agvise.com) 

Northwood: (701) 587-6010 
Benson: (320) 843-4109 

SUBMITTED FOR: 
RANDY MELVIN 

3510 135TH AVE SE 

BUFFALO, ND 

)i~il" 
.· "'·~·24" 

Sol. Salts 

58011 

SOIL TEST REPORT 

FIELD ID 2-2 

SAMPLE ID RAM·2-2 

FIELD NAME Field 17 

COUNTY CASS 

TWP 
SECTION 

HILL 

2 

RANGE 

QTRNE ACRES 84.6 

PREV. CROP Beans-Edible 

SUBMITTED BY: OL0549 
MATT OLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-

Date Received 10/04/2014 

1st Crop Choice 

Corn-Grain 

YIELD GOAL 

140 BU 

N ,--1--·-· 
I . 
I . 

w'---·--· .. ···· ............. , .. _. I . 

REF# 

LAB# 

I 
s 

979049 BOX# 0 

NW84540 

E 

Date Reported 5/12/2015 

It .. 3rd Crop Choice 

Beans-Edible Soybeans 

YlELD GOAL YIELD GOAL 

2000 LBS 40 BU 

SUGGESTED GUIDELINES SUGGESTED GUIDELINES SUGGESTED GUIDELINES 

Central Centro! Central 

APPLICATION LB/ACRE APPllCATION LB/ACRE APPLICATION 

35 *** 

Broadcast 40 Broadcast 40 Broadcast 

0 0 

0 0 

Broadcast 4 Broadcast 1 Broadcast 

_i,~g-
1--~-t~~-+~~~~---< 

.;uiiif 

ca;tlcin E~cl:lange ; !>j() ~-~~ S~ti.fa~lof! ('t,ypjf~(~flfjiif , 
< ~piiClfy ' . ·•··.··.· : oi~ Ca O/o:Mg o/~·j( . J.,,~ Na :D/o ti 

Ccop 1: Nitrogen is credited 37.5 lbs fotthe previous crop, Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to" starter 
application of P & Keven on high soil tests. Crop Removal: P205 = 56 K20 = 38 
Crop 2: Nitrogen is credited 25.125 lbs for the previous crop. Nitrogen credits may need to be adjusted based on local c:ondltfons. Many crops may respond to a starter 
application of P & Keven on high soil tests. crop Removal: P205 = 28 K20 = 28 
Crop 3: Nitrogen is credited 25.125 lbs for the previous crop, Nitrogen credits m<1y need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. crop Removal: P20S = 35 K2o = 60 Soybeans may respond to nitrogen on fields testing less than 60 lb/ac with a limited 
soybean history. 



000313

CEnTROl. 
CROP CONSUL TINQ ~ 

Soil Analysis by Agvise Laboratories 
(http:/ /WWW. agvise .com) 

Northwood: (701) 587- 6010 

Benson: (320) 843-4109 

SUBMITTED FOR: 
RANDY MELVIN 

3510 USTH AVE SE 

BUFFALO, NO 

............ 
.. . ·,·:: . . , .·. 

Sol.Salts 

58011 

l'.=====S=O=I=L=T=E=S=T=R=E=P=O=R=T=====) 
FIELD ID 4·1 

SAMPLE ID RAM-4-1 

FIELD NAME field 18 

CASS COUNTY 

TWP 

SECTION 

HOWES RANGE 

4 QTRNE ACRES 155.8 

PREV. CROP Corn-Grain 

SUBMITTED BY: OLOS49 
MA1TOLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-

Date Received 11/03/2014 

N ,-----·--1-·-, 
I . , 

I 

w ........ -·'······· 

REF# 
LAB# 

f 
I 
I 

i ....•. ~-··L,. 

s 
979055 

NW155180 

BOX# 

... _ ... E 

0 

Date Reported 5/12/2015 

2nd Crop Choice 3rd Crop Choice 

corn-Grain Beans-Ed Ible soybeans 

YrELD GOAL YIELD GOAL YIELD GOAL 

140 BU 2000 LBS 40 BU 

SUGGESTED GUlDEUNES SUGGESTED GUIDELINES SUGGESTED GUrDELINES 

Central Central central 

APPLICATION LB/ACRE APPLICATION LB/ACRE APPLICATION 

130 55 *** 

80 Broadcast 50 Broadcast 60 Broadcast 

20 Broadcast 0 0 

lO 0 0 

Broadcast Broadcast 4 Broadcast ;;{.2~': 4 
~;,,;;..:..;.i~ _ _,_ ____ ---1 

:\i:e' 
1 

;_,,:.,·.· 

Crop 1: Many crops may respond to a starter applicatlc>n of P & Keven on high soil tests. Crop Removol: P205 = 56 K20 = 311 
crop 2: Many crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P205 = 28 K20,. 28 
Crop 3: Many crops may respond to a starter application of P & Keven on hEgh soil tests. Crop Removal: P205 c 35 K20 = 60 Soybeans may respond to nitrogen on fields 
testing less than 60 lb/ac with a limited soybean history. 



000314

CEOTROL. 
CROP CONSUL. TING 

Soil Analysts by Agvise Laboratories 
{http://www.agvise.com) 

Northwood: (701) SS?-6010 

Benson: (320) 843-4109 

SUBMITTED FOR: 
RANDY MELVIN 

3510 135TH AVE SE 

BUFFALO, ND 

Date San-pied 

·.·:.:::.·_.' ... :: 

s~;'. s~iis . 

58011 

1.74 mmho/tm 
2.0 mmho/cm 

SOIL TEST REPORT 

FIELD ID 4-2 

SAMPLE ID RAM-4-2 

FIELD NAME Field 19 

COUNTY CASS 

TWP HOWES R.t>.NGE 

SECTION 4 QTREHALF ACRES 144.8 

PREV. CROP Beans·Edible 

SUBMITIED BY: OL0549 
MATT OLSON 

1230 3RD AVE NW 

VALLEY cnv, ND 58072-

Date Received 10/01/2014 

1st Crop Choice 

Corn-Grain 

YIELD GOAL 

140 BU 

N 

r ----v-··-r--------··~ 

I 
wl···· 

i 

REF# 

LAB# 

•• 

j 

I 

Beans-Edible 

YIELD GOAL 

2000 LBS 

I 

I 
···1---- E 

I 
J 
s 

979051 BOX# 0 

NW77882 

Date Reported 5/12/2015 

3rd Crop Choice 

Soybeans 

YlELD GOAL 

40 BU 

SUGGESTED GUIDELINES SUGGESTED GUIDELINES SUGGESTED GUIDELINES 

Centro! Central Central 

APPLICATION LB/ACRE APPLICATION LB/ACRE APPLICATION 

100 *** 
so Broadcast Broadcast 30 Broadcast 

0 0 

0 0 

3 Broadcast Broadcast 1 Broadcast 
··, .... _, ...... 
... ,fi! .·. 

:·:·.·. 

'···~~--····· 
::_,:··.:'."· 

. ·· ·. · · , ¢at,i~n '1X<:~~nge "!~J~ase sabiratl~n c'fvPlcai ~rig!!) 
Bulf~r p~ . cai)acil\I . % Ca . ,~/o Mg o/o ic • ,D/o Ilia' O/o H 

Crop l: Nitrogen Is credited 37.5 lbs fort he previous crop. Nitrogen credits may need to be adjusted based on local conditlon5. Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removal: P205 "'56 K20 = 38 

C:rop 2: Nitrogen Is credited 25.125 ll>s for the previous crop. Nitrogen credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. Crop Removal; P205 "'28 K20 = 28 
Crop 3: Nitrogen is credited 25.125 lbs for the prevlouii crop. Nitrogen credits may need to be adjusted based on focal conditions. Many crops may respond to a starter 
application of P & Keven on high sol! tests. Crop Removal: P205 = 35 K20:: 60 Soybe,,ns may respond to nitrogen on fields testing less than 60 lb/ac with a llniitcd 
soybean history. 

J 
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CEnTROL. 
CROP CONSUL TINO 

Solt Analysis by Agvise Laboratories 

(http://www.agvlse.com) 

Northwood: (701) 587· 6010 

Benson: (320) 843-4109 

SUBMITTED FOR: 
RANDY MELVIN 
3510 135TH AVE SE 

BUFFALO, NO 

.:::·::.,:: .. 
s~i. 5.1;5 : 

0~
0

6" 
j~:i4" 

58011 

SOIL TEST REPORT 
'-· 

FIELD ID 11-1 

SAMPLE ID RAM-11-1 

FIELD NAME Field 20 

COUNTY CASS 

TWP HILL RANGE 

SECTION 11 QTRSE ACRES 60.7 

PREV. CROP Com-Grain 

SUBMITTED BY: oLOS49 
MAITOLSON 

1230 3RD AVE NW 

N 

I 

I 
····· E 

I 

.... L 
s 

VALLEY CIJY, ND 58072-
REF# 

LAB# 

979057 BOX# 0 

NW165338 

Date Received 11/07 /2014 Date Reported 5/12/2015 

1st Crop Choice 2nd Crop Choice 3rd Crop Choice 

Corn-Grain Beans-Ed Ible soybeans 

YIELD GOAL YIELD GOAL YIELD GOAL 

140 BU 2000 LBS 40 BU 

SUGGESTED GUIDELINES SUGGESTED GUIDELINES SUGGESTED GUIDELINES 

centrof Central Central 

APPLICATION LB{ ACRE APPUCATION LB{ ACRE APPllCATION 

165 *** 

85 Broadcast Broadcast 65 Broadcast 

30 Broadcast 0 

10 0 

a,. 

4 Broadcast /in·: 4 Broadcast 1 Broadcast 
:-: .'.·.·· 

Crop 1: Many crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P205 = 56 K20 = 38 
Crop 2: Many crops may re•pond to a starter applicotion of P & Keven on high soil tests, Crop Remova I: P205 = 28 K20 = 28 
Crop 3! Many crops may respond to a starter application of P & Keven on high soil tests. Crop Removal: P205 = 35 K20 = 60 Soybeans may respond to nitrogen on fields 
testing less than 60 lb/ac with a limited soybean history. 
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CEnTROL.. 
CROP CONSUL TING 

Soll Analysis by Agvise Laboratories 

(http://www.agvlse.com) 

Northwood: (701) 587-6010 

Benson: (320) 843-4109 

SUBMITTED FOR: 
RANDY MELVIN 

3510 135TH AVE SE 

BUFFALO, NO 58011 

Sol. Salts 

SOIL TEST REPORT 

FIELD ID 12·1 

SAMPLE ID RAM-12-1 

FIELD NAME Field 21 

COUNTY CASS 

TWP 

SECTION 

HILL RANGE 

12 QTRNW ACRES 100.1 

PREV. CR.OP Beans•Edible 

SUBMilTED BY: OLOS49 
MAlTOLSON 

1230 3RD AVE NW 

VALLEY CITY, ND 58072-

Date ReceiVed 09/24/2014 

N i----, ·----r--------
' ' I - l 

I 
[ 

-·- ~ 
i 

w- ---· E 

REF# 

LAS# 

' l ... 

I 

s 
979052 BOX# 

NW67S56 

0 

Date Reported 5/12/2015 

1st Crop Choice 2nd Crop Choice 3rd Crop Choice 

Corn-Grain Beans-Edible soybeans 

YlELD GOAL YIELD GOAL Y!EtD GOAL 

140 BU 2000 LBS 40 BU 

SUGGESTED GUIDELINES SUGGESTED GUIDELINES SUGGESTED GUIDELINES 

Centro! Centro! Centro! 

APPLICATION LB/ACRE APPLICATION LB/ACRE APPUCATION 

110 

80 Broadcast Broadcast Broadcast 

35 Broadcast ,:;&o'- 20 Broadcast 
··\ .. ;·, ., .. 

0 

Ii Broadcast Broadcast Broadcast 
' .... ,; 

---Fl!. 

·y,~·--·-

cation iixC-1:111119e : -·-- % 13a~ sal:µrai!on crvp1cai R!JiiQe) 
Buffer pl'! -- - ---- - · -- -

-- -: <:apaclty -%-Ca - 010 Mg ·- •/o K ·O/o Na O/o H 

o-op 1: Nitrogen is credited J7.5 lbs for the previous crop. Nitr09en credits may need to be adjusted based on local conditions. Many crops may respond to a starter 
application of P & Keven on high soil tests. High salt levels m~v decrease yields In portie>ns of this field. Extra nitrogen is suggested. Crop Removal: P205 = 56 K20 = 38 
Crop 2: Nitrogen is credited 25.125 lbs for the previous crop, Nitrogen credits may need to be adjuoted based on local conditions. Many crops may respond to a starter 
appllcatlon of P & Keven on high soil tests. Hlgh salt levels may decrease yields in portions of this field. Extra nitrogen ls su99ested. Crop R1>moval: P205 = 28 K20 = 28 

Crop 3: Nitrogen Is credited 2S,125 lbs for the prevfous crop, Nitrogen credits may need to be adjusted bas1'd on local conditions. Many crops may respond to a starter 
application of P & Keven on hlgh soil tests. High salt levels may decrease yields in portions of this field. Extra nitrogen is suggested. Crop Removal: P205 = 35 K20,. 60 
Soyb<lam; may respc:>nd to nitrogen on fi1'1ds testing l1>ss than 60 11>/ac with a llmlted soybean history. 
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Sod Analy5i5 by Agvis~ Laboratories 

( ~lltp :,!/1..v\.._,..,~_.. :.gv:s~~.corn) 

Ncrt.hwood: (70t) S87-6010 

&1n:;o11: [320) 343-,1109 

. SUBMITTED FOR: 
TIM BERNTSON 

3311 l42NO AVE SE 

BUFFAL•, ND 58011 

. ...s.oit"resT~E-?·o-~T ·1 
====-.,.=-=•:===~=--"'==--:=-) 
f-IELD fO VINCE WOF FARM 

SAMPL£: JD TIS· B 29-1 

F!F.l.D '.l!J\Mf:' f'i•?.ld 22 

COU":TY 

1Wf' 

:c;t:c !lON 

CASS 

BUFFALO 

29 QTR 

•'REV CROP Corn-Grain 

RANGE 

ACRES 278 

-·- ·---·-·---, 
SUBMITTED BY: OL0549 l 

MATTOlSON 1 

'I 
.J ,, 
I 

I 
! 
i ·-· ..... 1, ... 

l 
! 
! 

1230 3RD AVE NW I 

VALLEY CITY, NO 58072- r:~: = ~~:::541 BOX #.·-· -O----·: 

·'~-~--:-· .. ~~--------'. 
Dcite R.ecelved 10/22/2014 -------DD!e R~=~:~--5/15/·~-~l 

·------ --------- ·--------·-·.:-~ .. ,.~~~- ....... --....,.._..., 

.r·, ·.,~, '"·•·l 

0-6'; 

6•24": 

O· 24" 

0·6': 
6· 24 ·: 

General C:o-mmcnt!>: To:i.:ture t~ oot estim:lted on high pti ~oils. 

' : Buffer pH ; 
; ~ 

Ct1t1on Exr.h.:1ngt~ 

Capacity 

25.4 meq 

01"' Ca 

~·5·'5J ., C1 s-;.:r; 

78.7 19.4 

3rd Crop Choice 

O/o K 

0.6 

Crop l: "'· · Chloride yir."'ld di.1~~1 Is rin,ited for thl$ c;rc.>p. Mviny c.:rops may n:•spotid to \.l st;~rtc:1· application of fl~ K ~vcn on high soil tc,.ts. (:rop Removal: P20S ::... 60 k20 ::: 41 

Crop ,l: ..... Chloride yield datil is limited for this crop. M~ny crops l\tay respond to \l starter application of? Rt Keven on high soil te~ts, Crop Removal: P.:ZOS = 68 K20 = 46 

Crop 3: M~ny cn:ips mo v re~pond to a starter application of P & K cv~n on high soil tests. n~e rl~k of the' dcvelopmf:!nt of iron chlorosrs on soyhe~ns on this nllld is fow based 
on the s21it and carbonate le\tcls. Crop Rcernoval: P205 ;. 35 K20 ~ 60 SoybcsH1s may respond to nltrog~n on fields testing fess than 60 tb/ac \.'iith a limit i.!d soybs:"°n history, 



000318

Soil .6.1111\ysl :;by 1\;ivis~ L;1hc•·a~c,·.1e~, 

\h{ tp://\···Ji.:o..:iN. ~1gv·s·!. coin) 

'lo1thwood: (701) 587·· 6010 

Be:-ison: (32.0;• 8<J3 .. 4 l09 

SUBMITIED FOR: 
TIM BERNTSON 

r, J I (' rJ 
I/,,, ·-'/' .-r, f,-' 1 ··1 ,1:·.1. · .• ,,-, • ' ;· 1) · ,: I .. • ! 1·~i V ... -

-·~ .. ·-··- - ·-·--·· ..... J. .... L.'::."_,:;,_ ~ .~: . .'..:...: ....... :: •. ; • -·· ___ ·--·······-··~ 

SOIL TEST REPORT 

FJELD JD VINCE E OF FARM 

SAMPl.F. JG GREENS 

FJF..CD NA V,E !'l' f.l 23 

COUNTY 

TWP 

SECTIGN 

CASS 

BUFFALO 

2.9 Q'fR 

PREV. CROP Soybeans 

ACRES 220.6 

MATT OLSON 0 

V:v ! II,;· ' ! 

_J.7'.'·· . .!r.: \ ! L, 

I·/! ! -1 I/! I . 
! ! 

SUBMITTED 'Bv:o"L~t ~. 
1230 3RD AVE NW 

VALLEY CITY, ND 58072- ,...Hf.F ;; 984859 BOX I! O -··i 
I.AB # NW97073 

--·--:-·-·'.:·;--·-.:;;:;;;.;:;;;:,;-::.=::-::.::.::::.:.....;:;.-:::-:-·----·--·---··-·"" ----·--··---·-·-·--:::-...:::::.:;.:.::..::..-::::::..:;::;:.-==::.;.::::....:::-_..:;::.:::::::....--:::=--=:::::.::::.-:::::=---=:;;;::::-.::.:;;;-.....::::-...::..=:::.~l 

3311 142NOAVE SE 

BUFFALO, ND SSOll 

Dare Rece\v,~d 10/09/2014 Date Reporier;J 5/15/2.015 ! 
·-··············-··-... -..--........ -~ ..... ·.--.--.. ----··· ......... ---····-... -------··-·-··--·---........... _... ............... ,._ .......... ._._. ........... ~---1----···------~-·--·-~ ... --.,. ..... ----, ... J 

0·6·· 
6-24"0 

0··24"i 

0-6' 
6·24' 

(;. .., .. ,~J~·1:· 

~'.~'.l · '· :.~•.1.•.1 
... ~ .. ~··r ; . 

.. ,.:::+::.F~' 
l . · ... 

120 +lb/aci ·:· ····o~., .. :,,,•·~; 
360 +11>/ach-···-'i.,, ... ,;,··. 

.j: 
!' 
! . 

.. o~~4.re•rik·. 
,. 
i 
!.: 

;··--··-····-···-········--- ........... ~·: . I . 

0-6' 

·::~=~~~~.: ·~-~.~.-:-·:.·~]' 
' I· 

'"~-·i;. 
I· 

T 
·1.0 %! .. ,. ................. !'° 

I· 
l.35 nun ho/ r.1n! ..••• , 
1.33 mmho/cml 

j 

· : Cut1011 E•cll;,ngc 
; 6uflcr pH: 

% ni.sc, Saturzilion (Typical Range) 

Oio Ca O/n Mg =>/n K 0/o Nll O/o H 

·~1 ~r~.J_J 
Crop 1: Nitro.gen is credited 30 ltJS for the pi<!\lious crop. Nitn)gcn credits mlly {1Ct~d to be &Jdjustcd bJsed on fnc;il cond~tions, Manv crops n~~v rc:o;pond t-o a st.:rt·tt.?r 
"PPlicat10~ of P &: l( even on high soil \c-s:ts. Crap Rcrnov,al: P20S ::.:. 52 IC20 ::. 35 
Crop z~ Nitrogen Is credftt:d 3CJ fbs {or the prevfous crop. Nitrogen er-edit$ nH"Y need to be .adjus.ted b:-ised on fo<:.:\I conditfons. Mnnv crops ma:y f'espond to a starter 
appltcatioc1 <>~~ P &. K CVl]n on high soift(?St.s.. Crop Rcm-ov.ai: P20.S = 60 K20 ~ 41 
c1·op 3: Nitrogen is erer:Sitcd 30 lbs. for the pte1i1lou.s crop. Nitrogen credits nH'•V need to be acljusted based on local conditions. Many 1::1·ops m~v rt!-spond to a stitrler 
i)pp.lication of? & K e;ven on high soil tests. CroJJ Removal~ PlOS ~ 66 K20 = 4G 
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,• 

r= -·--·-·-.. ····-·····---·--·-······--·--·-·-..·~----·-··· 
l \\\ 

.,-

VINCE E OF FARM 

s,iil Analysis lly Agc·,s-= u;bomto:ies 
{ 11r. if). f/v1~·-..···t.: .• ;igvist! con~) 

Northwood: (701i 587-6010 

Benstn: (320) 843-.4109 

SA~,:PLE 10 RED-ORG LOWS 

COUNTY CASS 

TWP BUFFALO RANGE 

SECTION 29 QT!? ACRES 220.6 

r: 

r l~I~ 
_
1
i I 11 I \ / ,, PREV. CROP Soybeans 

1 ; ,, /i 
~~=-~::=~~BMrTrED FOR:----·--·---1~AT~=SONSUBMI1TED BY: OL054;· ~ j .. I I 

3311 142NO AVE SE "30 ''°AVE NW l ______ 
1 

VALLEY crrv, NO 58072- J RLF i; 984857 BOX# 0 

BUFFALO, NO 58011 IA1:l ;/t NW97141 
..... --------------....... -~-----· ·--~ -· .. - ·----- -··· ---- -~----~-----------· '--------..... ----·---· ... ---.. 

[~~~~--~~:~'.:~~~~-~~~~~-=-~~=:~ ~-.=~~--==~~:~ -l~•~c~ved --~o:.~~-/-~-~-~~-=~-~-~--=~----~~:~.: .. ~~::~~~~~-~/-~~~~- .,J 
. ... ' ' ' ' . . ~ ~ ;· ' 

- _1st crop Choir;e · 
'' b • 

·3rd Crop Cnoice -_' 

OJ"'l'H. 

0·6" 
6-;>4". 

9 lb/a.:l ! 
lS !b/acj; 

i ·:o ~ • ~ • 

,, ,., .. I 

% Oase Sotur<ition ( Typ1c~I Rang<!) 

0-(;" 

6 24' 

<Jo/o Cu 

l __ 
O/o Mg Q/n Ni1 

Crop 1: Nit.t\,gcn is credited 30 lbs fn..-the prnvious c.rop. Nitrogan cr.-?dfts may ne:ed to b~ ~djtJ~tcd b;:.sed on foc.:tl cot1dltioM;. M.lnY ct«np.o; muy rf.!!ip{'lnd to a s.tarte1· 
:ttppiication Q-f P & K t~vc:n oo high soil tcst.s. C;-op Rcmov~(; P20 s -:: 52 K2:0 !::; 35 

Crop 2: Nitrogen Is 'f:redit~d 30 lb!i for the previou!.. erop. Nitrog~n c;rotftts Mi1Y need to t..c <ldjust.cd b.,&-ed tHl loc .• •1 ieondit:lons.. Mahy trOp!. mi!y r(!!.lpond to i.' ~tMtcr 
llppHc:ntion of PS. K Q"Ven Ort high .!ioil tests. Lrop Rcmovtlf: P205 ~ GG K20 = ·'U 

Cr'op 3: NHrO!JCn Is crcdltC!d 30 lb!;>. fo.r the previous c.rcp. NitrQigcn credits may ni:!<."d to be adjusted ba.s.cfJ 011 focal c.om1iticm5. f'.lanY c1·ops tn.:\y 'cspond to a starte1· 
3pplicatlon or P & K -L'ven on high :~oil tcs;tr.. CrolJ R.c:1nOvill: P205 :.: •a KZO = 46 

I i __ J 
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/· . ! 

,r-t .; : . 
•·-·o•V••>• • •••·--~···- _,_.,,,,. ____ .. , .... ~- .... °\ ~---·- •·-~ '• -· - -..-~ ·-·-··-~·--k---~.-,,...,..,,..- ·""···- "' "~''' ·',/:!.._ ,, ........ -·----··-··· Ii 

!CEOTROL / 
; ~~~""~•::.;c~~··'~"~·"~"~"~'~~·~:=~~~~~~~~~.,~?-~'~j.~:~. ~~5\ 

soil ;\nalys1s b'/ ,=\:J'.1;$·~ U1boratolies 
{ht't;i://"1:-.. 1'.:\'W.c<(lViSe.<:om) 

No rt hW(>Od: ( 701 ) 5 irl- 60 l.O 

t:lP.nson: (320) S'l3-,1Hl9 

SOIL TEST REPORT l 
7--=~=,,.,.~=~""·'===,~=-="=""'''""'~""'=~) 
FIELD lf.l VINCE E OF FARM 

SM~"Lf fl) YLW-ORG RIDGES 

COUNTY CASS 

I· 

!, 
!' 
i' 
I· 

i 
TW!' BUFfAlO RANGE r 

29 QTR 

PRf:V. Cl'<O~ Soybeans 

ACRES 220.6 I 
i: t ... -.-. ... --·--~·--··--........... ,, ............... - .. ·-·-··--~--.-.. -.-----··--·---··~-·~---- -------~------- ! 

TIM BF.RNTSON j MATT OLSON 

,i:. 

s 
,,-·-------·····--sUBM-ITIED-FOR: ______ r ______ SUBMIITED·--BY; ___ OLo5'i9 

3311 142ND AVE SE 
1 
1230 3RO AVE NW 

'VALLEY crrv, ND 58072- REF # 984858 BOX [': 0 .,I; 

BUFFAl.O, ND 58011 ; lA!:l '" NW97107 
......... ,..~._,... ...... .--.--·· ,. .... ,.~ ........ ~·---··-·------ ·-- --~·~ ·- ____ .. - -··-~-·--··------ --~------- ·- -- ·-- - - __ ._...;,._ _____ ..,._ .. -~··---'.-··--·~-.-·--···-·~----~----~ .. ,~~-· ... ) 
r-~:~-~.··:~1~l~~~;·~-----------·-·-----·--·-- ~~. ·-·--------·-::: R0c~lv:d~-~~~;;~:;~-----·-·· 0~:-~~~:.:;-~~-:~~l01~·-,1 

< ••--·-"• • ·-·-·-···••·•••"• """" -·--"'"...,.. • ., _,......,.,...;."'.' .. -.-··.w7•""''•-----· ......... -~~-- ... ....,..,.... ..... ,,._,,,, ___ , ___ ~,"''"'!"""-----Y----'-·•-----·"'n-•-•-·-·-·---....... ---:~,..,,....,.._,,., .. .__.. ... ,.....,..~ ........... ~---··-·-----·•·~' 

0-6'' 

6-H"; 

O· 24" i 

.;:.1 

-1-.·/, 

~ ·,~ .... :. ·.:·> .. , 

Crop 1: Nitn.)gen 15' neditucf 30 !bs fo-r the pt~vious crop. Nitl'ogen cred:ts may need to b~ adjusted b:tscd Qn fo.:::at cond1tio11s. M;,ny crop.s n1ay n:!>pond to a .!ita1ter 
ilpplic~tion of P & Keven on high 5o~I r:esu;. Crop Remo'l;.ak P20S :::. 52. K20 ::: 'lS 
Crop 2: Nitrogen is c-.rertitcd 30 lb~; for- the prevJous crop. Nft1·09c£l credtts m:)v n<?ec:S to be adjusted based oo loc:;.11 conthtions .. Many <rops mily respond to~ .stuter 
t'lppfic:ation or P & K <:Y~n on highs.oil tests.. Crop ncmuval: PloS = 60 K20 :::- 41 

Crop 3: Nitro9e11 ls. o·edited 30 lb!'i for the previous cr~p. Nitro-gen credits may need to be Ltdjustcd based on lot.al conditions. f..Uny crops mny respond to :a st.afU!r 
ilf'·plication or P & JC evien on hi9l1 soil test~. Crop R~movot: P20S = 6El K20 == 46 
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Soil Anolysis by Agvis;;:~ L21t~oratories 

l rlttp: //\VWW. Cl g '.'.5€ ,C on1) 

No1thwood: (701) 587-6010 

Benson: {320) 843-4109 

f'IELDN.4MEF1E!d 24 

COUNTY CASS 
TlNP BUFFALO 

sr:cnoN 29 QTR 

."f:EV. CROP Soybeans 

RANGE 

ACRES 37.7 

- N 
··c·;;r~-;;,::--7..-...=1 

------!...._~~ .("" ' ~.. ~ ·-----/ ' ! -~l 
-i jE 
! l 
i i 

__ ......., ______ ~----····~---··-,--.·····---·-·----·--·---<---~--------------------~ I I i . 

MATT OLSON $ 
SUBMITTED FOR: 

TIM BERNTSON 

3311142ND AVE SE 

SUBMITIED BY: OL05491' ! j 

1230 3RD AVE NW ------.., 
VALLEY CITY, NO 58072- REF ~--·-·-9Blll6 BOX# 0 i· 

BUFFALO, ND 58011 LAB;; NWS0374 
-·-··----·-.. ··-·--",~- .... ·. ··-~···----·------- .. ---------~----~ ...... __ ,,_. ~------·--...... --.. ~-· ---- - ~ ~--~----- -·----·--...... --~--~ -- --·· 

(~:~~~,~~~~------·--------··--· --·------~~t~~-~~~~=~~02/2~~4-·---=-~·-;latc ~~~-~~~~- -5~~5~~~~-J 
' . . ~ ~ ·""· :: 

lnd Crop Choice , :. 

C orn-Grn1.1 Sovbcans 

YIELD GOAi YIELD t1Q/\L 

170 BU 40 SU 
,.,_,,,_., ________________ -111-------------1 

30 lb/ac 

0-ti" 

·t; .. ·r{lfl 

: .... :}::;-:· .. ·;·":' 

SUGGESTED GU!OELINES 

Cation t: xt hangt.~ 
Soil pH : Bulfor pH ,J 

C.-p • .cily 
"l' 

Wn Ccl 

SUGGf:STf:D GUIDELINES 

Centro! 

O/o Mg o,.n K 0/1'\ Ncl %H 

''::~, F~-~ I ;1;-5) l 37.6 m<oq 
80-5 0.5 

Gencr~J Comments: Texture rs n"t c::;:timl•tl!d on high pli soils. 

Crop l: Y 1 Chioride yield data is lin1it~d for this crop. Nitrogen is credited 30 lUs foi· the previous crop. Nitr-ogcn crl;!'dits may need to b~ adjustc:d base-don focal conditions. 
Many crops. mity respond to ;:i stiJrte:r app,ic;:1tJon of P & K aven on high s.oll tests. Crop Remova I: P20S ;::: 60 K20 :: 41 

Crop 2~ ... Chloride yield da:ta Is. limited for this crop. Nitrogen is credited 30 lbs for the pre?vio-u~ crop. Nlt1·og<.m credits m3y ncc.d tC.1 be ~lljusted bi)!ied on loc:;,:I c-on<lftion~. 
"'!ilJ'IY crops fl'loi)Y respond to a starter ;,ppti-cCJt~on of P & Kever~ on fljgh .soif tests. Crop Remov:)f: P20S = t>fJ. K20:::; -tG 

Ct'OP 3: Nlt1·ogen ls credited 20. l 1bs tor the prevjous c_rop. Mtrogon: credits mDy n¢ed to be .a djustud bc-sed on local conditions. Many crops may respond to a start~1· 
a.pplic.:itkm of P & Keven on high soil tc~ts. lhe dslc of the development of irori chtor-o.si.!m on .'lioyh.Pans on this field is ve1·y hl9I, b~1sed on the s:nlt :iind c.lrbonO'te lcvel.s. Cro-p 
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10. F. MANURE TESTS AND MANURE ANALYSIS 
PROCEDURES 

1. Manure Analysis Gathering Procedure for Solid Manure 

2. Manure Analysis Gathering Procedure for Liquid Manure 

3. Sample Identification and Delivery 

4. Recommended Testing Lab 

5. Nutrient Tests 

DeHaan, Grabs & Associates, LLC 

Revised: December 2015 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

1. Solid Manure 

Revised: December 2015 

Collect a composite sample by following one of the procedures listed below. A method for 
mixing a composite sample is to pile the manure and then shovel from the outside to the inside of 
the pile until well mixed. Fill a one-gallon plastic heavy-duty zip lock bag approximately one
half full with the composite sample, squeeze out excess air, close and seal. Store sample in 
freezer if not delivered to the laboratory immediately. 

P .. ocedu .. e 1. Sampling while loading - Recommended method for sampling.from a stack or 
bedded pack. Take at least ten samples while loading several spreader loads and combine to 
form one composite sample. Thoroughly mix the composite sample and take an 
approximately one pound sub sample using a one-gallon plastic bag. Sampling directly from 
a stack or bedded pack is not recommended 
P .. ocedu .. e 2. Sampling during sp .. eading - Spread a tarp in field and catch the manure 
from one pass. Sample from several locations and create a composite sample. Thoroughly 
mix the composite sample together and take a one-pound sub sample using a one-gallon 
plastic bag. 
P .. ocedu .. e 3. Sampling daily haul - Place a five-gallon bucket under the barn cleaner 4-5 
times while loading a spreader. Thoroughly mix the composite sample together and take a 
one-pound sub sample using a one-gallon plastic bag. Repeat sampling 2-3 times over a 
period of time and test separately to determine variability. 
P .. ocedu .. e 4 
. Sampling stockpiled manu .. e - Take ten - fifteen sub samples from different locations 
around the pile at least 18 inches below the surface. Mix in a five-gallon pail and place a one
pound composite sample in a gallon zip lock bag. 

2. Liquid Manure - Dairy, Beef, Swine 
Obtain a composite following one of the procedures listed below and thoroughly mix. Using a 
plunger, an up-and-down action works well for mixing liquid manure in a five-gallon bucket. Fill 
a one-quart plastic bottle not more than three-quarters full with the composite sample. Store 
sample in freezer if not delivered to the lab immediately. 

P .. ocedm·e 1. Sampling from storage- Agitate storage facility thoroughly before sampling. 
Collect at least five samples from the storage facility or during loading using a five-gallon 
bucket. Place a sub sample of the composite sample in a one-quart plastic container. 
Sampling a liquid manure storage facility without proper agitation (2-4 hrs. minimum) is not 
recommended due to nutrient stratification, which occurs in liquid systems. If manure is 
sampled from a lagoon that was not properly agitated, typically the nitrogen and potassium 
will be more concentrated in the top liquid, while the phosphorus will be more concentrated 
in the bottom solids. 

P .. ocedm·e 2. Sampling during application- Place buckets around field to catch manure from 
spreader or irrigation equipment. Combine and mix samples into one composite sub sample 
in a one-quart plastic container. 

3. Sample Identification and Delivery 

DeHaan, Grabs & Associates, LLC 2 
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Rolling Green Family F anns RE, LLP Revised: December 2015 
Cass County, ND 

Identify the sample container with information regarding the farm, animal species and date. This 
information should also be included on the sample information sheet along with application 
method, which is important in determining first year availability of nitrogen. 

Manure should be analyzed for Total nitrogen, inorganic N, phosphorus as P20s and potassium 
asK20 

Keep all manure samples frozen until shipped or delivered to a laboratory. Ship early in the week 
(Mon.-Wed.) and avoid holidays and weekends. 

4. Recommended Testing Lab: 

DeHaan, Grabs & Associates. LLC 

Stearns DHIA Central Lab 
POBox227 
825 12th Street South 
Sauk Centre, MN 56378 
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Rolling Green Family Fanns RE, LLP 
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5. Nutrient Tests 

Revised: December 2015 

No tests have been taken at this point, however before commercial fertilizer is applied the 
manure should be tested to limit over application. For this plan a tests from an existing 
operation is used. 

DeHaan, Grabs & Associates, LLC 4 
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Rolling Green Family Fanns RE, LLP 
Cass County, ND 

Revised: December 2015 

10. G. LIVESTOCK MORTALITY MANAGEMENT PLAN 
Mortalities will not be disposed of in the LWCF. The primary method of carcass disposal is 
composting and burial will be the secondary method. 

The following is an Excerpt from Draft ND Dept. of Health Guidelines for Approval of 
Livestock Waste Systems: 
Dead animals shall be disposed of in a manner acceptable to the board of animal health, and 
in accordance with NDCC section 36-14-19. Dead animals shall be disposed of in a manner 
that will not cause a detrimental impact to waters of the state. 

NDCC Section 3 6-14-19: Disposition of carcass of anima1 dying from contagious or 
infectious disease. 
Any animal which is found dead must be presumed to have died from a contagious or 
infectious disease until the contrary is shown unless another cause of death is apparent. The 
owner or person in charge of any domestic animal or nontraditional livestock which dies 
within this state from or on account of any contagious or infectious disease shall dispose of 
the carcass of such animal as follows: 

1. If the animal died of anthrax, as determined by a licensed veterinarian, the carcass 
must be completely burned at the place where it died if possible. If the carcass must be moved, 
it may not be dragged over the ground but must be moved only on a suitable conveyor and all 
body openings in the carcass must be plugged with cotton saturated with a strong antiseptic 
solution. 

2. If the carcass is of a hog which died from hog cholera or swine erysipelas, the same, 
with hide intact, must be burned within thirty-six hours or given to a licensed rendering plant 
within such time. 

3. If the carcass is of an animal which has died of a disease other than is specified in 
subsections 1 and 2, or from any other cause, it must be burned, buried, composted, or given 
to a licensed rendering plant within thirty-six hours, or must be disposed of by a method 
approved by the state veterinarian. If the carcass is buried, it must be buried not less than 
four feet {1.22 meters] below the surface of the ground and covered with dirt to that depth. 
No carcass may be disposed of along any public highway or along any stream, lake, or river 
nor be buried near or adjoining any such place. 

DeHaan, Grabs & Associates. LLC 1 
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10. H. RECORDKEEPING FORMS 

1. Nutrient Application Log 

2. Manure Transfer Form 

3. Discharge Report for Production Area 

DeHaan, Grabs & Associates, LLC 

Revised: December 2015 
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1

JJ England

From: Rockeman, Karl H. <krockema@nd.gov>
Sent: Monday, February 08, 2016 4:55 PM
To: JJ England
Subject: RE: Rolling Green permit question

The permit is a state issued animal feeding operation approval to operate. 
 
Karl Rockeman, P.E. 
Director 
Division of Water Quality 
North Dakota Department of Health 
(701)328-5210 
 

From: JJ England [mailto:jj@baumstarkbraaten.com]  
Sent: Monday, February 08, 2016 12:47 PM 
To: Rockeman, Karl H. 
Subject: Rolling Green permit question 
 
Mr. Rockeman, 
 
I have a quick question about the Rolling Green permit that is up for public comment. The public notice description on 
the Department’s main public notice page at https://www.ndhealth.gov/WQ/PublicNotices.aspx states that this permit 
is a NDPDES permit. However, the permit itself states that it is an “approval to operate a concentrated livestock 
operation.” See pg. seventeen of the pdf here https://www.ndhealth.gov/PublicComment/NDPDES20160126.pdf?v=3.  
 
I was hoping you could offer some clarification on this. Does the Department consider this permit to be a NDPDES 
permit, a “state animal feeding operation permit,” or an “approval to operate a concentrated livestock operation”? 
Thank you in advance for any help you can offer. 
 
Sincerely, 
JJ England 
 
JJ England 
BAUMSTARK BRAATEN LAW PARTNERS 
109 North 4th Street, Suite 100 
Bismarck, ND  58501‐4003 
Phone:  701‐221‐2911 
Fax:  701‐221‐5842 
jj@baumstarkbraaten.com 
www.baumstarkbraaten.com 
 
 
PRIVILEGED COMMUNICATION 
This e‐mail message is intended only for the named recipient(s) above and is covered by the Electronic Communications Privacy Act, 18 U.S.C. 
Sections 2510‐2521.  This e‐mail is confidential and may contain information that is privileged, attorney work product or exempt from disclosure 
under applicable law.  Recipients should not file copies of this e‐mail with publicly accessible records.  If you have received this message in error, 
please immediately notify the sender by return e‐mail and delete this e‐mail message from your computer.  
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Expert Report prepared by Kathy J. Martin, PE (OK#18254)  Page 2 
Regarding CAFO permit application for Rolling Green Family Farms RE, LLP March 18, 2016 
 

Opinions and Basis of Opinions 
 
The following opinions are based on my engineering knowledge and experience, as well 
as my review of the CAFO permit application for Rolling Green Family Farms RE, LLP; 
the North Dakota Department of Health (NDDH) Public Notice, proposed Approval to 
Operate, and Fact Sheet; the ND Livestock Program Design Manual; applicable state 
code and regulations; and the published literature.  

Kathy J. Martin, PE (OK#18254) has a BS in Petroleum Engineering (1987) and MS in 
Civil Engineering (1989) from the University of Oklahoma, worked as a permit writer for 
industrial wastewater for several years. Ms. Martin has drafted state and county 
environmental regulations for industrial wastewater and confined animal feeding 
operations (CAFOs) waste management, and has been performing technical and 
regulatory evaluations of waste management systems related to livestock production 
since 1997.  Qualifications for Kathy J. Martin, PE (OK#18254) are provided as 
Attachment A.   

These professional engineering opinions are held within a reasonable degree of 
scientific certainty and I reserve the right to supplement these opinions if additional 
evidence arises. References documents relied upon in this report are provided in 
Attachment B with index. 

Proposed Facility Description 

Rolling Green Family Farms RE, LLP is a Pipestone Vet sow facility with proposed 
animal numbers of 800 nursery, 1600 gilt replacement, 5312 gestation, and 1344 
farrowing hogs.  The facility is proposed to be located in the SE1/4 NW1/4 Section 4, 
T139N, R54W, Howes Township, Cass County, North Dakota.   

Pipestone Vet has proposed similar sized sow facilities in South Dakota and Missouri.  

This expert has reviewed CAFO permit applications and waste management systems 
proposed for the following Pipestone sow facilities:  

1. Jackrabbit Farms, Davison County, SD 
600 nursery, 1200 finishers/gilts, 4480 gestation, 936 farrow 
 
2. Westside Gilts, Beadle County, SD (2014) 
4480 gestation, 2136 farrow, 1200 gilt - Barry Kerkaert, Pipestone 
 
3. Rolling Green Family Farms, Grant County, SD - Jan 2015 
6600 head > 55 lbs, 1200 head < 55 lbs - Barry Kerkaert, Pipestone 
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4. Westside Gilts, Gregory County, SD - Dec 2013 
4480 gestation 936 farrow, 600 nursery, 1200 gilt - Barry Kerkaert, Pipestone 
 
5. Mustang Pass, Brookings County, SD - Mar 2013 
4480 gestation, 2146 farrow, 1200 gilt - Luke Minion, Pipestone 

6. Teton, LLC - Grant County, SD 
4480 gestation, 2136 farrow, 1200 gilt - Barry Kerkaert, Pipestone 

7. Trenton Farms, Grundy County, MO - Mar 2015 
5120 gestation, 936 farrow, 960 gilt, 320 nursery - Luke Minion, Pipestone 

Opinion 1:  It is my professional engineering opinion that the Rolling Green Family 
Farms RE, LLP sow facility has the potential to emit 35 tons or more of ammonia per 
year. The ammonia is exhausted - along with hydrogen sulfide gas, particulates, and 
odors - from the sow barns by ventilation fans (wall and pit) that are designed without air 
emission or odor control technology.  These uncontrolled emissions of ammonia, 
hydrogen sulfide gas, particulates, and odor can and will travel off-site and into the 
surrounding community according to atmospheric conditions. 

Basis for Opinion 1: 

a. In the Rolling Green permit application, the waste calculations assume a 20 percent 
loss of nitrogen from the deep pit storage of manure under the barns.  Using the amount 
of nitrogen generated per day, the total amount of nitrogen generated per year and the 
amount lost due to volatilization can be determined as follows: 

778.8 lbs N/day x 365 days/yr = 284,336 lbs N/yr 

284,336 lbs N/yr (17 NH3/14 N) x 0.20 volatilized = 69,052 lbs NH3 volatilized 

69,052 lbs NH3/yr x ton/2000 lbs = 34.5 tons/yr ammonia volatilized 

b. Wind roses for the Fargo, ND indicate a predominant wind direction from the NNW 
and the SSE from January to June.1  From June to September the predominant wind 
direction is from the SSE with maximum wind speeds in August and September 
exceeding 27 mph.  The remainder of the year has predominant wind patterns reverting 
back to NNW and SSE at about 14 to 16% of the time, respectively.   

c. The town of Buffalo is located approximately 2.8 miles northwest of the proposed site 
and would be in the predominant wind pattern “from the SSE” throughout the year (see 
Figure 1). 

                                                           
1 See wind rose data attachment.  Available online at: https://www.ndsu.edu/ndsco/data/wind/fargo/#c342826 
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Figure 1 – Google Earth image of proximity of Buffalo, ND to proposed sow facility. 

d. A two year study on emissions during slurry removal from hog facilities with deep pit 
manure storage indicates significant increases in emissions of ammonia, hydrogen 
sulfide, and odor during agitation and removal of slurry prior to land application.2 
Similarly, ammonia emissions increased 4.6 times the concentration measured prior to 
agitation and removal.  Odor emissions increased by a factor of 5.6 times.  Hydrogen 
sulfide gas increased 61.0 times the pre-agitation concentration.   

e. The Natural Resource Conservation Service (NRCS) publishes Conservation 
Practice Standards for various best management practices related to agriculture and 
livestock production. The NRCS-ND Standard 371 Air Filtration and Scrubbing 
describes methods to “control gaseous and particulate emissions from ventilated 
structures” for the purpose of reducing emissions of particulates, volatile organic 
compounds (VOCs), ammonia, and odorous sulfur compounds.   

                                                           
2 Hoff et al (2006) “Emissions of Ammonia, Hydrogen Sulfide, and Odor before, during and after Slurry Removal 

from a Deep-Pit Swine Finisher”, Journal of Air & Waste Mgmt Assoc Vol 56: 581-590. 
https://engineering.purdue.edu/ABE/People/Papers/albert.j.heber.1/slurryremove 
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Standard 371 includes a brief discussion of biofilters and design and construction 
criteria including characteristics of air flow from the ventilation fans, the expected 
concentration of air pollutants, the types of pollutants to be treated, types of filter media, 
and minimum requirements for plans and specifications.3 

f. The Pipestone Vet attempt to control air emissions at the Jackrabbit sow facility in 
Davison County, South Dakota has not been successful nor did those efforts rise to the 
adequacy of a biofilter.  The Jackrabbit sow facility was designed for 600 nursery, 1200 
gilt/finishers, 4480 gestation, and 936 farrowing. This expert attended the Davison 
County hearing where Pipestone representatives volunteered to install biofilters on the 
Jackrabbit hog barns.  Rather than installing proven biofilter technology, the facility was 
equipped with what can only be described as a large windsock with dubious odor and 
emission control capabilities.  (see Figure 2) 

 

Figure 2 – Fabric “socks” installed on exhaust fans at Jackrabbit Farms (Pipestone sow 
facility) in Davison County, SD.  

                                                           
3 See NRCS-ND Conservation Practice Standard 371 – Air Filtration and Scrubbing (2015) 

001557



Expert Report prepared by Kathy J. Martin, PE (OK#18254)  Page 6 
Regarding CAFO permit application for Rolling Green Family Farms RE, LLP March 18, 2016 
 

g. North Dakota State University has performed research on odors and emissions of 
ammonia and hydrogen sulfide from large hog facilities in North Dakota from May 2009 
to October 2010.4 Two commercial swine operations were studied – one with shallow pit 
and outdoor manure lagoon and the other with deep pit manure storage under barns.  
Both facilities housed 5000 head and were gestation/farrowing swine facilities.  The 
deep pit barn manure storage included the drainage of manure from the farrowing barn 
to the gestation barn in much the same was as proposed by Pipestone Vet for Rolling 
Green sow facility. 

This was not a continuous monitoring study and only twelve samples were taken per 
sampling event that occurred between 10 am and noon and from one pit fan. Odor 
emission rates were determined to be approximate 5 OU/sec/m2 for the deep pit 
farrowing barn and 19 OU/sec/m2 for the gestation barn. The ammonia emission rates 
were determined to be 3 g/day/AU for the farrowing barn and 32 g/day/AU for the 
gestation barn. 

Emission rates for Rolling Green sow facility can be calculated as follows: 

 5312 gest sows x 400 lbs/sow x kg/2.2 lbs x AU/500 kg = 1931 AU (study unit) 

 32 g NH3/day/AU x 1931 AU x 365 days/yr = 22,554,080 g NH3/yr 

 x 1lb/454 g = 49,678 lbs NH3/yr for gestation barn 

Similarly, the emissions for the farrowing barn can be calculated as follows: 

1344 gest sows x 400 lbs/sow x kg/2.2 lbs x AU/500 kg = 489 AU (study unit) 

3 g NH3/day/AU x 489 AU x 365 days/yr = 535,455 g NH3/yr 

 x 1lb/454 g = 1179 lbs NH3/yr for gestation barn 

Emissions (not including gilt barn) = 50,857 lbs NH3/year or 25 tons per year 

h. A more lengthy study was done in Central Iowa where emissions from a sow facility 
were determined using a mobile air emission monitoring unit from January to May 
2011.5  The monitored portion of the facility included a deep-pit breeding barn (1800 
head), a deep-pit gestation barn (1800 head), and two shallow-pit farrowing rooms (40 
farrowing crates per room). The shallow pit farrowing rooms were flushed every three 
weeks. Exhaust air samples were taken from four of the lowest ventilation rate fans and 

                                                           
4 Rahman and Newman (2010) “Odor, Ammonia, and Hydrogen Sulfide Concentration and Emissions from Two 
Farrowing-Gestation Swine Operations in North Dakota”, Applied Engr in Agriculture Vol 28(1): 107-115. 
5 Stinn, Xin, Li, et al “Quantification of Greenhouse Gas and Ammonia Emissions from a Midwestern Swine 
Breeding/Gestation/Farrowing Facility”, ASABE Proceedings Paper No. 1111151. 
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composited to represent pit fan exhaust emissions. Results from the study indicate the 
following average daily emissions per animal unit (AU = 500 kg body mass): 31.9 g NH3 
for sows in the breeding/early gestation barn (1652 sows) and 76.9 g NH3 for shallow 
pit farrowing rooms (80 sows).  The authors explained their higher emission rates as 
compared to other published rates as due to “the nearly continuous sampling employed 
as compared to intermittent sampling used in other studies.” 

Emission rates for Rolling Green sow facility can be calculated as follows: 

 5312 gest sows x 400 lbs/sow x kg/2.2 lbs x AU/500 kg = 1931 AU (study unit) 

 31.9 g NH3/day/AU x 1931 AU x 365 days/yr = 22,483,598 g NH3/yr 

 x 1lb/454 g = 49,523 lbs NH3/yr for gestation barn 

Similarly, the emissions for the farrowing barn can be calculated as follows: 

1344 gest sows x 400 lbs/sow x kg/2.2 lbs x AU/500 kg = 489 AU (study unit) 

76.9 g NH3/day/AU x 489 AU x 365 days/yr = 13,697,428 g NH3/yr 

 x 1lb/454 g = 30,170 lbs NH3/yr for gestation barn 

Emissions (not including gilt barn) = 76,693 lbs NH3/year or 38 tons per year 

i. A 2008 study by Iowa State University identified 295 compounds associated with 
emissions from liquid swine manure in nursery and finisher facilities.6 The emissions 
were composed of volatile fatty acids, alcohols, aldehydes, aromatics, esters, ethers, 
fixed gases, hydrocarbons, ketones, nitrogen compounds, phenols, and sulfur 
compounds.  A table of all of the compounds detected is provided in the publication 
including odor detection thresholds, odor descriptions, and references to other studies 
that detected the same compound.   

Figure 3 below shows the distribution of 77 of the 295 compounds detected that also 
have published odor thresholds.  Nearly half of these compounds are considered 
offensive based on odor descriptors from the 2008 study. The authors explain that 
malodorous compounds are the result of microbial degradation in an anaerobic 
environment, such as that found in deep pit liquid manure storage systems.7 
 

                                                           
6 Lo, Koziel, Cai, Hoff, et al (2008) “Simultaneous Chemical and Sensory Characterization of Volatile Organic 
Compounds and Semi-Volatile Organic Compounds Emitted from Swine Manure…”, J. Enviro Quality 37:521-534. 
http://www.pubpdf.com/pub/16297922/Characterization-of-volatile-organic-compounds-and-odorants-
associated-with-swine-barn-particulate-m 
7 Hamilton and Arogo “Understanding Farmstead Odors: An Annotated Review” Prof Animal Scientist 15:203-210. 
http://www.professionalanimalscientist.org/article/S1080-7446(15)31765-4/pdf 
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Figure 3 - Distribution of odor threshold for 77 of 295 compounds emitted from swine 
manure (from the publication). 
 
j. The Odor Control Plan in Section 9C of the permit application does not include 
provisions for biofilters or any control technology on the ventilation fans for any of the 
three livestock barns.  The plan states “vegetative barriers is proposed as part of the 
plan to reduce odor.”  Sheet 6 indicates the proposed tree row will be planted around 
the perimeter of the facility footprint.  The barrier is not described with respect to the 
type of trees to be planted, the calculated distance from the ventilation fans that will 
insure odor control by adsorption or dust filtration or if the tree barrier is meant to 
change exhaust elevation for greater dispersion in higher elevations. 
 
Opinion 2:  It is my professional engineering opinion that the hydrogeologic study, 
including soil borings and analysis, does not adequately identify the shallow ground 
water system(s) below the footprint of the proposed sow facility. The potential adverse 
impacts of a shallow groundwater system in contact with the subsurface manure 
storage structure are important with respect to the stability of the structure and the 
assurance that the system can safely store millions of gallons of feces and urine. 

Basis of Opinion 2: 

a. On page 26 of the Design Manual it states “Soil evaluations should be spaced 
throughout the proposed facility to enable an accurate assessment of the subsurface 
geology.”  

b. Seven soil borings were made within the footprint of the proposed sow facility. 
Borings 1 to 4 represent the area north to south under the gilt developer barn and the 
gestation barn. Borings 5 to 7 represent the area north to south with Boring 5 and 7 
located north and south of the farrowing barn, respectively, and only Boring 6 placed 
under the farrowing barn.  Boring 5 is basically west of Borings 1 and 2.  Boring 6 is 
west of Boring 3.  Boring 7 is west and south of Boring 4 and would represent location 
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of proposed expansion of farrowing barn in Phase II.  All borings were drilled to a depth 
of 23.5 feet below grade except for Borings 4 and 7 which were only 18.5 feet. 

c. A zone of silty sand, described as water-bearing, was intercepted in five of the seven 
borings and a zone of clayey sand was intercepted at similar elevation in a sixth boring.   

The east side of the property is described by Borings 1 through 4 as follows: 

At Boring 1 (Gilt Development Barn) this zone has a thickness of three feet and 
occurs between 1139.4 and 1136.4 feet elevation.  

At Boring 2 (north end of Gestation Barn), this zone has a thickness of one foot 
and occurs between 1131.8 and 1130.8 feet elevation.  

Boring 3 (center of Gestation Barn) shows wet clayey sand with a thickness of 
three feet at 1136.5 to 1133.5 feet elevation, which is a similar depth as the silty 
sand material described in Borings 1 and 2.   

At Boring 4 (south end of Gestation Barn), the silty sand zone has a thickness of 
6.5 feet and occurs at 1131.8 to 1125.3 (TD of boring) feet elevation. 

The west side of the property is described by Borings 5 through 7 as follows: 

At Boring 5 (north of farrow barn), the silty sand zone has a thickness of eleven 
feet and occurs from 1134.0 to 1123.0 (TD of boring) feet elevation. 

Boring 6 (center of farrowing barn) does not have either the silty sand or the 
clayey sand zone at the expected elevations, although water level was recorded 
at 1139 and 1136. 

At Boring 7(south of farrowing barn), the silty sand zone has a thickness of two 
feet and occurs at 1131.0 to 1129.0 feet elevation. 

d. On page 2 of the Fact Sheet prepared by NDDH the discussion of aquifers states that 
the two closest glacial drift aquifers are at least five miles from the proposed site.  Then 
the fact sheet goes on to describe those aquifers even though the agency just stated 
they do not exist at the proposed site.  What the Fact Sheet does not explain is (a) the 
significance of the water-bearing silty sand strata and (b) why the applicant used the 
label “Carlile Formation” for that strata as found in the boring logs for Boring 1 (1135.4 
elev), Boring 2 (1130.8 elev), Boring 3 (1127.5 elev), and Boring 4 (1131.0 elev).   

e. The term “Carlile Formation” is not defined or discussed in the Fact Sheet or the 
permit application. According to the North Dakota Geological Survey (NDGS) analysis 
of the subsurface geology in Cass County, “the younger Cretaceous deposits that are 
present farther west (Carlile Shale, Niobrara Formation, and Pierre Shale) are not 
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known to be present in the county.”8 Regardless as to whether the formation exists in 
the county, a shale formation or even the erosion by-products would not be described 
as “silty sand”. 

The NDGS describes Cass County as “completely covered with glacial drift” of the 
Pleistocene with major subsurface units of buried outwash, un-differentiated stratified 
drift, older till, and buried lake deposits.  Of those subsurface units, the un-differentiated 
stratified drift best matches the soil boring lithology of fine to coarse sand overlain by 10 
feet or more of till.  The NDGS describes their investigation of this lithology in T142 
R53W as follows: “the silt and sand deposits are not known to be continuous, but the 
similarity of stratigraphic position suggests that they may represent a single large body 
of stratified drift.  The deposits are known to range in thickness from 10 to 78 feet.” 

On page 5 of the Fact Sheet, the department claims “the facility does not appear to be 
located over an aquifer.” This statement belies the shallow water-bearing silty sand as a 
localized, if not discontinuous regional shallow groundwater system. 

 

Figure 4 – Close-up of Sheet 8 labeled “cross-section A6-A6’ of gilt development barn 
deep pit and existing grade.   

                                                           
8 Klausing (1968) “Geology and Ground Water Resources of Cass County, North Dakota Part 1 Geology”, North 
Dakota Geological Survey, Bulletin 47- County Ground Water Studies 8. 
https://pubs.er.usgs.gov/publication/70046311 
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f. Rule 33-16-03.1-07(4)(j) requires “site-specific information on topography, surface 
water, ground water, and soil geology”. Cross-section drawings of the various barns 
show the intersection between existing grade and expected depth of manure storage 
structures (see Figures 4 and 5).  However, the drawings and narrative are vague with 
respect to the interception between the water-bearing zones and the manure storage 
structures. 

In Section 8 of the permit application, the applicant summarizes the “water elevations in 
relation to the topographical elevations” in a table, but does not indicate the thicknesses 
of the silty sand zones, only the top elevation of the strata.  No narrative is provided that 
would explain how the placement of the planned drain tile underneath the gestation and 
gilt isolation barns would be sufficient to drain a water-bearing strata that has been 
measured up to eleven feet thick. 

 

Figure 5 – Close-up of Sheet 8 showing length of gestation barn and existing grade. 

f. On page 5 of the Fact Sheet, the department states: 

“Drain tile will be placed under the deep pits of the gestating barn and the 
isolation barn that will serve a dual purpose: (1), it will collect any dirty water 
which may escape from the deep pits, thereby acting as a leak detection system, 
and (2), it will collect any clean water from outside water sources from applying 
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pressure to the walls as well as premature deterioration of the concrete. Water 
collected in the drain tile will be collected in a shallow containment pond.” 

The department is referring to the drain tiles drawn in Sheet 4 of the permit application 
(proposed site subgrade plan view), which are described as 4 inch tile that run along the 
length of the gestation barn (north/south) and the isolation barn (east/west).  The plan 
directs liquids collected from the drain tiles to a lift station and then discharges to an 
earthen impoundment located directly north of the farrowing barn. (see Figure 6) 

 

Figure 6 – Close-up of Sheet 4 showing the proposed location of subsurface drain tiles. 

The earthen impoundment is in the approximate location of Boring 5, which is the boring 
location where the silty sand strata was determined to be at least eleven feet thick.  The 
bottom of the silty sand and thus the total thickness is not known because the Boring 5 
was terminated at 1123.0 elevation with no strata change noted before TD. 

There are several concerns about the proposed location of the surface impoundment. 
First, there is no discussion in the permit application narrative, nor in the department 
Fact Sheet, about the seepage from the surface impoundment moving in the subsurface 
directly back into the strata that is supposedly being drained by the drain tiles.  Second, 
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the impoundment itself is not represented in the design calculations with respect to 
storage capacity, mechanisms to prevent overtopping, and control measures should the 
ground water become contaminated with leaking feces and urine from the manure 
storage structures. 

g. Part 8 of the Design Manual on page 51 states “The department may require a 
ground water monitoring program be implemented for livestock facilities that meet any 
of the conditions listed in Section 4.3…”  Section 4.3.1, on page 25 of the Design 
Manual, states “Larger facilities or those located in sensitive ground water areas 
generally require more information to adequately evaluate the site.”  

The proposed facility places reliance upon drain tiles and the surface impoundment as 
the “solution” to shallow groundwater and its potential adverse impact to the deep pit 
manure storage structure stability and integrity.  Considering the importance of said 
reliance, the department must require a more thorough evaluation of the subsurface 
including a full delineation of the lateral and vertical extent of the silty sand.  The 
department must require a detailed plan for the earthen impoundment including 
expected volumes pumped from the subsurface, the necessary storage volume, 
discussion of disposal options, and mechanisms to prevent overtopping. 

h. The site investigation did not include a soil boring under the proposed animal 
mortality compost facility located in the southeast corner of the proposed site.  

Opinion 3:  It is my professional engineering opinion that the Rolling Green livestock 
facility permit application does not contain sufficient design information for the proposed 
animal mortality compost facility as required by state guidelines for composting of dead 
animals and the requirements in state regulations. 

Basis of Opinion 3: 

a. State Guideline 32 for Composting Poultry and Other Dead Animals identifies the 
relevant state code for the design and operation of a mortality compost facility as NDCC 
Chapter 23-29 and regulation as NDAC Article 33-20.9 The guideline refers to a pre-
application procedure so the department can determine if the proposed site is suitable, 
as well as steps taken to apply for and receive a permit for animal mortality composting. 
There are requirements to prevent leachate from contaminating surface and ground 
water, personnel training, operation and maintenance plan, inspection, contingencies, 
safety procedures, record-keeping and annual reporting, groundwater monitoring, and a 
written closure plan. 

                                                           
9 North Dakota Department of Health – Division of Waste Management (2009) Guideline 32 – “Composting Poultry 
and Other Dead Animals”. 
http://www.ndhealth.gov/wm/publications/Guideline32CompostingPoultryAndOtherDeadAnimals.pdf 
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b. The NRCS Standard 316 for Animal Mortality Facility includes standards for 
composting including NRCS Standard 317 Composting Facility and the National 
Engineering Handbook (NEH) Part 637 Chapter 2 (Composting) section 637.0211 
(Dead Animal Composting).10 

c. NEH Part 637.0211 contains the calculations required to properly size the primary bin 
space, to determine appropriate sizes and heights of the bins and to provide for 
secondary bin space.11  The permit application does not contain design calculations for 
the proper sizing of the animal mortality compost facility using expected mortality rates 
and the average weight of mortality.   

                                                           
10 NRCS-ND (2004) Conservation Practice Standard 316 Animal Mortality Facility. 
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/fotg/ 
11 NEH Part 637 Chapter 2 Composting.  http://www.wcc.nrcs.usda.gov/ftpref/wntsc/AWM/neh637c2.pdf 
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FARGO NW Daily Observations from March 1, 2014 to March 31, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014  3  1    -8.8    -17.6      7.2      8.3     7.6      17    339    22     346     0.01        
2014  3  2     3.4    -17.8      6.2      6.9     6.3      16    292    29     359     0.02        
2014  3  3     8.8     -8.4      8.8     11.0     6.7      16    143    25     155     0.02        
2014  3  4    14.4      2.7     14.2     15.1     6.4      12     47    40     262     0.03        
2014  3  5    22.6      0.4     16.0     17.4    11.9      30    163    31     247     0.05        
2014  3  6    34.7     15.0     20.5     20.8    15.8      34    164    12     282     0.07        
2014  3  7    32.5      5.0     22.2     22.3    13.4      25    345    16     236     0.07        
2014  3  8    27.4      3.2     20.2     20.8     7.0      21    195    49     283     0.05        
2014  3  9    46.9     23.4     27.4     27.1     7.2      19    194    30     240     0.08        
2014  3 10    47.5     34.3     31.5     29.9     6.8      17    275    25     270     0.07        
2014  3 11    34.4     17.8     32.0     30.1    10.6      25      4    13     315     0.07        
2014  3 12    32.7     14.5     31.6     29.8     7.5      17    149    57     208     0.06        
2014  3 13    58.3     28.8     33.4     29.9     9.8      22    245    45     353     0.15        
2014  3 14    36.9     14.3     32.2     30.8    12.0      26    345    34     245     0.07        
2014  3 15    20.7      6.6     29.9     29.3    11.1      23     18    13     365     0.06        
2014  3 16    31.0      2.3     25.5     25.9    10.8      31    168    36     244     0.09        
2014  3 17    42.7     27.6     29.4     28.2     8.0      20     91    66     200     0.07        
2014  3 18    32.6     28.5     30.9     29.7    10.2      17    360    13     115     0.03        
2014  3 19    42.4     23.5     30.6     29.7     6.1      17    316    39     239     0.07        
2014  3 20    47.3     23.9     31.8     30.2     6.6      23    144    22     219     0.07        
2014  3 21    39.5     10.0     30.8     31.4    18.2      40    348    32     273     0.09        
2014  3 22    18.2      8.0     22.3     27.9     9.9      28    344    19     317     0.05        
2014  3 23    26.4      5.3     23.0     25.8     4.6      21    330    52     394     0.06        
2014  3 24    31.3     11.8     26.0     27.3     9.7      33    325    33     323     0.08        
2014  3 25    27.7      3.1     25.6     26.8     6.3      19    311    37     431     0.08        
2014  3 26    45.0     19.8     27.9     27.7    10.9      27    128    34     314     0.17        
2014  3 27    33.1     17.3     29.9     29.3    15.9      29      9    15     254     0.09        
2014  3 28    31.2     11.6     27.5     27.9     6.6      19     16    39     344     0.09        
2014  3 29    45.4     24.2     30.6     29.3    14.3      34    161    13     431     0.18        
2014  3 30    48.9     32.9     32.9     30.7    10.3      24     31    61     258     0.10        
2014  3 31    36.2     15.9     31.2     30.7    22.7      43      8    13      32     0.04        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      32.0     12.5     25.5     25.4    10.0      24                  276                 
Totals                                                                                 2.24     (31
Max           58.3     34.3     33.4     31.4    22.7      43                  431     0.18     (31
Min           -8.8    -17.8      6.2      6.9     4.6      12                   32     0.01     (31
Std. Dev.     14.3     13.2      7.8      6.8     4.1       7                   86     0.04        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from April 1, 2014 to April 30, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014  4  1    25.3     11.0     28.0     29.5    12.6      33    343    17     480     0.08    0.00
2014  4  2    35.0     10.0     28.3     28.6     4.9      12     28    29     398     0.07    0.00
2014  4  3    37.1     30.0     31.7     30.5     6.3      17     23    25     145     0.03    0.00
2014  4  4    34.5     27.5     31.6     30.8     9.9      25    342    34     137     0.05    0.00
2014  4  5    58.2     27.7     34.3     31.1     9.4      22    169    41     478     0.17    0.00
2014  4  6    61.9     28.2     38.6     31.5     4.0      20    190    54     449     0.13    0.00
2014  4  7    53.7     33.9     39.9     32.0     7.3      21    345    33     424     0.12    0.00
2014  4  8    54.6     29.4     40.1     33.7     7.5      20    268    69     452     0.15    0.00
2014  4  9    78.0     35.9     43.4     36.0    11.6      38    227    56     429     0.33    0.00
2014  4 10    58.2     35.9     41.0     36.2    12.0      31    289    26     499     0.27    0.00
2014  4 11    61.2     36.5     44.5     38.3     7.0      19     60    79     413     0.17    0.00
2014  4 12    60.3     37.5     45.0     39.6     9.3      26     77    67     311     0.13    0.22
2014  4 13    37.5     24.1     34.6     34.6    17.2      33    352    12     326     0.11    0.00
2014  4 14    30.8     15.1     31.3     31.7     9.9      25    358    16     385     0.10    0.00
2014  4 15    33.3     12.5     30.8     31.6     5.6      20    133    44     438     0.10    0.00
2014  4 16    38.0     26.3     31.5     31.6    10.1      20     63    26     206     0.10    0.01
2014  4 17    45.9     19.2     34.9     32.5     5.1      14      4    39     547     0.15    0.00
2014  4 18    53.5     33.0     37.8     35.0    13.3      41    131    19     327     0.21    0.00
2014  4 19    68.7     41.7     46.9     39.7    13.6      50    208    57     468     0.31    0.00
2014  4 20    75.0     31.9     47.4     41.4     6.4      23    173    40     528     0.28    0.00
2014  4 21    56.9     36.1     45.7     41.4     9.5      28    332    30     462     0.21    0.00
2014  4 22    63.8     30.5     45.7     40.6     5.0      16    126    37     484     0.19    0.00
2014  4 23    49.4     39.9     40.6     39.5    13.8      31    133    16      46     0.08    0.41
2014  4 24    53.7     38.2     42.2     38.3     4.6      19    144    45     157     0.05    0.26
2014  4 25    52.5     38.0     45.0     39.9     6.5      16     15    38     319     0.10    0.00
2014  4 26    54.6     34.2     42.7     39.7     8.8      23    109    23     394     0.17    0.09
2014  4 27    42.8     37.7     39.3     38.4    12.7      29    103    17      72     0.05    0.87
2014  4 28    41.1     37.9     38.3     37.1    12.0E     26E    99    18      62     0.04    1.12
2014  4 29    53.5     36.8     43.7     38.7    15.7E     33E    19    15     526     0.21    0.08
2014  4 30    42.4     37.2     39.5     38.2    15.1      28    355    16     116     0.05    0.04
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      50.4     30.5     38.8     35.6     9.6      25                  349                 
Totals                                                                                 4.21    3.10
Max           78.0     41.7     47.4     41.4    17.2      50                  547     0.33    1.12
Min           25.3     10.0     28.0     28.6     4.0      12                   46     0.03    0.00
Std. Dev.     13.1      8.9      5.8      4.0     3.7       8                  156     0.08        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from May 1, 2014 to May 31, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014  5  1    55.2     38.1     44.4     39.6    12.3      28    349    26     459     0.17    0.00
2014  5  2    61.4     43.6     46.8     42.1    12.4      34    334    46     485     0.24    0.00
2014  5  3    52.8     31.5     44.3     42.1    10.0      26    323    20     459     0.17    0.00
2014  5  4    49.5     30.0     42.3     40.5     4.9      16     41    37     354     0.12    0.01
2014  5  5    60.3     39.4     50.1     43.8     6.0      13     41    29     474     0.16    0.00
2014  5  6    64.4     48.4     49.1     45.3     7.8      21    117    25     244     0.18    0.00
2014  5  7    62.6     45.3     49.9     46.1     8.3      20     52    53     237     0.14    0.00
2014  5  8    48.1     43.3     45.1     43.9    13.7      25      5    15      54     0.02    0.37
2014  5  9    60.4     43.4     48.9     44.7    10.8      24    327    29     489     0.22    0.13
2014  5 10    68.2     38.5     48.3     45.1     8.7      24    141    20     437     0.24    0.01
2014  5 11    59.6     45.4     50.9     47.1     7.1      20    312    68     156     0.07    0.12
2014  5 12    45.7     40.8     43.7     43.9    16.5      32    344    13      66     0.03    0.47
2014  5 13    50.9     36.1     43.3     42.3    11.8      27    316    17     257     0.13    0.00
2014  5 14    44.7     34.1     40.2     40.5     8.3      20    351    20     300     0.11    0.00
2014  5 15    50.6     35.4     43.0     41.2     5.8      18      9    32     337     0.13    0.00
2014  5 16    61.4     31.3     46.8     42.6     4.2      28    314    57     549     0.19    0.00
2014  5 17    70.9     37.1     48.6     45.1     6.0      23    228    63     414     0.23    0.00
2014  5 18    73.4     47.1     53.8     48.3     8.1      20    176    25     500     0.29    0.00
2014  5 19    64.9     52.8     54.9     50.5    13.8      31    146    15     274     0.16    0.47
2014  5 20    74.5     48.1     57.5     52.3     9.3      26    284    34     581     0.27    0.00
2014  5 21    65.4     48.1     55.6     52.6     9.7      21    349    27     479     0.22    0.00
2014  5 22    74.4     39.1     58.7     54.0     3.4      10     64    69     646     0.24    0.00
2014  5 23    82.0     54.7     59.8     56.2    10.7      25    154    21     532     0.39    0.00
2014  5 24    88.4     60.2     64.7     58.6    11.6      29    188    20     570     0.45    0.00
2014  5 25    86.4     60.3     64.7     59.4     9.7      26    179    37     514     0.35    0.09
2014  5 26    83.5     57.2     66.4     60.4     7.0      18     15    23     484     0.24    0.00
2014  5 27    87.9     55.3     69.4     62.6     3.9      15     45    77     527     0.25    0.04
2014  5 28    88.6     63.8     71.9     64.8     8.2      18    172    26     604     0.35    0.00
2014  5 29    89.4     64.2     70.3     63.9    11.3      26    160    18     640     0.50    0.00
2014  5 30    92.2     65.3     71.0     63.7     9.5      25    142    65     471     0.35    0.08
2014  5 31    71.4     64.2     66.2     62.4     5.6      12      6    26     123     0.04    0.18
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      67.4     46.5     53.9     49.9     8.9      23                  410                 
Totals                                                                                 6.65    1.97
Max           92.2     65.3     71.9     64.8    16.5      34                  646     0.50    0.47
Min           44.7     30.0     40.2     39.6     3.4      10                   54     0.02    0.00
Std. Dev.     14.5     10.8      9.8      8.3     3.2       6                  165     0.12        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from June 1, 2014 to June 30, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014  6  1    78.1     62.3     68.6     63.4     3.7      12     22    53     291     0.11    0.06
2014  6  2    67.2     51.9     63.3     62.4     9.7      32    322    33     263     0.12    0.02
2014  6  3    77.9     50.6     66.0     61.2     4.3      13    241    57     536     0.23    0.00
2014  6  4    82.2     59.2     70.1     63.6     5.4      16    164    31     539     0.28    0.00
2014  6  5    76.0     60.4     68.1     63.3     7.6      23    167    48     401     0.19    0.54
2014  6  6    64.6     53.0     61.0     61.2     7.9      22    324    27     321     0.17    0.00
2014  6  7    71.9     51.5     63.3     60.4     5.4      19    338    38     528     0.24    0.00
2014  6  8    76.5     46.9     63.8     60.0     6.3      20    202    33     571     0.30    0.00
2014  6  9    79.5     53.0     67.7     62.0     6.4      23    234    47     609     0.31    0.00
2014  6 10    82.0     55.6     69.7     63.2     7.4      20    185    30     590     0.33    0.00
2014  6 11    69.4     52.0     63.6     61.8     9.4      29      4    53     107     0.10    0.80
2014  6 12    70.1     49.7     60.3     59.4    11.8      30    327    22     564     0.29    0.00
2014  6 13    76.1     47.7     63.7     60.5     7.5      23    150    44     504     0.28    0.00
2014  6 14    70.8     57.2     62.4     60.8    12.0      32    131    28     252     0.14    0.66
2014  6 15    72.2     58.7     62.5     60.4    10.7      28    237    41     296     0.16    1.15
2014  6 16    77.1     56.5     63.9     60.8     6.3      16    149    53     404     0.20    0.05
2014  6 17    81.4     59.3     68.0     64.3     7.9      19     46    19     574     0.28    0.00
2014  6 18    82.5     62.8     68.3     65.6    10.0      26     87    26     462     0.28    0.64
2014  6 19    75.3     58.5     66.7     63.9     7.6      27    136    66     210     0.10    0.56
2014  6 20    81.4     56.5     69.6     64.8     6.6      19    183    58     584     0.26    0.00
2014  6 21    87.9     62.6     71.5     67.9     7.5      30    166    41     525     0.29    0.15
2014  6 22    81.5     62.5     71.9     69.8     7.6      23    256    43     607     0.29    0.00
2014  6 23    80.8     60.1     70.1     70.0     6.4      19    279    25     553     0.25    0.00
2014  6 24    69.8     61.1     66.3     68.3     8.7      20    328    17     259     0.11    0.00
2014  6 25    74.8     60.5     67.2     67.1     5.9      17     93    63     300     0.12    0.00
2014  6 26    83.1     59.5     67.2     66.4     9.8      24    133    18     300     0.19    0.18
2014  6 27    84.9     69.0     71.2     68.9    10.5      29    140    23     361     0.19    0.48
2014  6 28    80.7     68.2     72.1     69.8    12.8      37    175    29     414     0.21    0.13
2014  6 29    81.1     64.5     69.4     68.8    15.5      38    219    19     537     0.34    0.00
2014  6 30    74.7     64.2     65.4     67.0    16.0      35    245    19     393     0.26    0.12
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      77.1     57.9     66.8     64.2     8.5      24                  429                 
Totals                                                                                 6.62    5.54
Max           87.9     69.0     72.1     70.0    16.0      38                  609     0.34    1.15
Min           64.6     46.9     60.3     59.4     3.7      12                  107     0.10    0.00
Std. Dev.      5.6      5.7      3.4      3.4     3.0       7                  141     0.07        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from July 1, 2014 to July 31, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014  7  1    64.8     54.1     60.8     64.6    12.5      31    329    23     211     0.10    0.13
2014  7  2    72.0     49.7     63.7     64.9     6.0      17    338    24     579     0.23    0.00
2014  7  3    77.1     49.1     67.3     66.1     3.2      13    114    52     584     0.22    0.00
2014  7  4    83.6     62.6     67.9     66.7    12.9      30    155    18     430     0.30    0.06
2014  7  5    94.7     67.0     76.7     70.7     9.9      36    190    32     610     0.36    0.01
2014  7  6    83.3     69.1     75.7     72.7     9.1      24    302    47     616     0.32    0.01
2014  7  7    81.6     60.7     71.9     70.9     9.4      28    291    21     447     0.27    0.00
2014  7  8    75.0     58.8     69.5     68.6     9.1      29    318    27     596     0.29    0.00
2014  7  9    76.9     56.7     72.4     69.0     5.6      18    348    43     653     0.27    0.00
2014  7 10    84.1     59.4     71.2     68.5     7.9      22    142    29     380     0.23    0.50
2014  7 11    87.5     65.1     76.5     72.3     6.1      15    318    67     603     0.28    0.00
2014  7 12    81.8     58.8     73.5     70.7     6.6      24    288    41     495     0.24    0.00
2014  7 13    75.2     53.3     69.5     67.9     9.7      28    300    22     568     0.32    0.00
2014  7 14    68.4     49.8     64.2     64.5    13.5      28    339    15     409     0.23    0.00
2014  7 15    72.8     46.7     67.4     64.5     5.2      18    359    29     597     0.23    0.00
2014  7 16    78.9     51.3     71.5     66.6     3.3      16    157    72     558     0.22    0.00
2014  7 17    82.5     62.0     74.4     68.2     6.9      18    184    23     475     0.28    0.00
2014  7 18    85.5     63.5     75.8     68.6    13.9      32    167    16     563     0.37    0.00
2014  7 19    81.5     61.1     76.7     70.3     5.2      14    209    69     553     0.25    0.00
2014  7 20    94.0     67.9     80.7     72.3     9.3      22    177    35     531     0.31    0.00
2014  7 21    92.2     67.2     81.3     74.3     9.0      43    151    50     433     0.24    0.60
2014  7 22    77.7     61.0     74.8     72.2     9.2      23    336    27     606     0.27    0.00
2014  7 23    78.7     56.4     75.0     70.5     4.2      12     21    42     544     0.21    0.00
2014  7 24    78.2     63.3     73.0     69.3     9.0      26    140    25     373     0.21    0.03
2014  7 25    82.0     62.3     75.4     70.3     5.9      21    216    77     433     0.20    0.00
2014  7 26    82.1     57.9     74.6     69.3    10.4      33    259    34     562     0.33    0.00
2014  7 27    67.8     57.6     68.3     66.8    11.5      29    328    22     217     0.13    0.00
2014  7 28    74.8     56.9     69.4     66.3     4.8      15    324    27     372     0.17    0.00
2014  7 29    79.1     51.3     70.8     66.4     4.1      16    326    38     511     0.21    0.00
2014  7 30    81.2     54.5     73.1     67.4     3.7      15    306    33     540     0.22    0.00
2014  7 31    83.2     55.5     74.5     68.7     3.6      13    328    62     499     0.21    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      79.9     58.4     72.2     68.7     7.8      23                  502                 
Totals                                                                                 7.72    1.34
Max           94.7     69.1     81.3     74.3    13.9      43                  653     0.37    0.60
Min           64.8     46.7     60.8     64.5     3.2      12                  211     0.10    0.00
Std. Dev.      7.0      6.0      4.7      2.6     3.2       8                  110     0.06        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from August 1, 2014 to August 31, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014  8  1    82.3     58.8     76.0     70.1     4.1      15      3    43     527     0.22    0.00
2014  8  2    86.1     57.2     76.1     70.4     3.6      16     79    63     456     0.21    0.01
2014  8  3    80.4     63.2     75.6     71.4     6.8      16     19    24     498     0.23    0.10
2014  8  4    77.9     51.7     72.7     69.0     5.2      16     40    30     565     0.24    0.00
2014  8  5    81.3     53.4     73.7     69.0     3.7      14    120    50     461     0.20    0.00
2014  8  6    81.8     57.5     73.1     68.9     4.0      13    112    35     346     0.17    0.00
2014  8  7    82.6     64.6     75.7     69.8     7.1      20    149    17     503     0.26    0.00
2014  8  8    83.8     62.4     76.7     70.7     7.8      18    149    16     501     0.26    0.00
2014  8  9    81.0     67.8     74.9     70.3     6.7      20    132    24     278     0.17    0.00
2014  8 10    78.4     60.7     72.6     69.2     7.3      22    347    23     314     0.16    0.00
2014  8 11    76.6     54.6     70.5     67.7     8.7      25    348    18     571     0.28    0.00
2014  8 12    83.7E    46.8E    73.0E    67.6E    4.2E     15E   269E   40E    601E    0.25    0.00
2014  8 13    83.2     58.1     76.7     70.3     4.5      12     35    40     524     0.24    0.00
2014  8 14    81.5     67.0     75.7     70.4     9.6      23    137    16     340     0.22    0.00
2014  8 15    86.1     67.0     79.4     72.5     8.0      17    147    17     470     0.23    0.01
2014  8 16    87.2     67.8     80.7     74.0     5.2      18     65    57     396     0.18    0.26
2014  8 17    77.9     65.0     75.5     73.3     5.8      15    126    30     263     0.10    0.19
2014  8 18    77.4     63.7     73.6     71.6     6.1      15    238    65     313     0.12    0.04
2014  8 19    82.3     59.9     75.7     71.7     4.1      17    357    68     490     0.19    0.00
2014  8 20    85.0     66.9     76.7     72.6     8.4      19    132    20     422     0.23    0.00
2014  8 21    80.0     65.6     74.3     72.1     4.7      20    114    41     178     0.08    0.01
2014  8 22    73.3     62.6     71.0     69.9     6.3      17    341    23     148     0.06    0.00
2014  8 23    73.0     64.2     69.9     69.1     7.3      21     58    42     110     0.05    0.03
2014  8 24    80.6     65.0     74.5     70.6    10.4      23    181    32     454     0.24    0.55
2014  8 25    66.2E    53.8E    65.0     65.4    11.7      25    243    30     205     0.15    0.00
2014  8 26    70.4     48.6     67.3     64.5     4.3      14    264    39     382     0.14    0.03
2014  8 27    75.8     51.6     68.3     65.7     4.6      13    140    34     400     0.15    0.00
2014  8 28    72.5     64.9     68.5     66.6     9.0      18    139    14     165     0.10    0.00
2014  8 29    76.3     61.3     69.7     67.6     5.5      26    332    54     181     0.08    0.00
2014  8 30    71.3     55.5     69.1     66.7     7.2      18     26    66     294     0.12    0.00
2014  8 31    74.4     57.3     66.9     66.1     7.6      24    183    61     156     0.08    0.22
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      79.0     60.1     73.2     69.5     6.4      18                  371                 
Totals                                                                                 5.41    1.45
Max           87.2     67.8     80.7     74.0    11.7      26                  601     0.28    0.55
Min           66.2     46.8     65.0     64.5     3.6      12                  110     0.05    0.00
Std. Dev.      5.1      5.9      3.8      2.4     2.1       4                  144     0.07        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from September 1, 2014 to September 30, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014  9  1    78.4     51.5     67.3     65.7     5.2      21    266    57     444     0.18    0.00
2014  9  2    79.9     53.8     68.5     65.5     7.8      23    200    18     467     0.25    0.00
2014  9  3    78.9     57.4     70.4     66.7     6.5      17    127    34     379     0.17    0.00
2014  9  4    75.3     52.9     69.2     67.3     9.5      31    295    60     342     0.17    1.54
2014  9  5    70.6     47.7     64.7     64.5     7.8      17    266    36     440     0.19    0.00
2014  9  6    78.8     48.6     66.7     64.1     6.4      20    209    31     466     0.22    0.00
2014  9  7    82.7     52.7     68.9     64.8     9.1      24    160    19     448     0.26    0.00
2014  9  8    82.1     57.5     71.0     66.0    11.1      21    160    52     446     0.26    0.00
2014  9  9    57.5     48.2     61.5     62.2    12.8      24      3    20      63     0.04    0.18
2014  9 10    55.7     46.4     54.9     57.7    13.0      28      3    19     223     0.13    0.00
2014  9 11    55.2     40.2     54.6     56.3     7.3      19    342    21     302     0.12    0.00
2014  9 12    56.3     39.5     54.4     55.5     4.2      15    249    52     300     0.11    0.00
2014  9 13    65.1     37.3     54.0     54.6    10.3      28    179    29     347     0.20    0.00
2014  9 14    59.2     41.7     55.1     55.0     6.8      17    285    38     265     0.11    0.00
2014  9 15    66.7     41.1     59.1     56.4     5.4      17    236    45     431     0.18    0.00
2014  9 16    72.6     45.5     60.9     57.3     7.2      15    171    36     424     0.22    0.00
2014  9 17    72.6     43.1     63.2     58.8     5.5      15     15    49     413     0.17    0.00
2014  9 18    75.9     41.8     62.0     58.7     9.4      24    148    27     340     0.19    0.00
2014  9 19    79.8     61.5     65.4     61.5    11.1      27    179    43     208     0.17    0.00
2014  9 20    71.2     49.6     62.1     60.7     7.4      30    289    45     286     0.13    0.07
2014  9 21    65.8     48.5     59.8     58.9     6.0      15    348    61     284     0.10    0.00
2014  9 22    76.9     45.9     61.7     59.0     7.5      18    168    28     402     0.22    0.00
2014  9 23    76.3     55.1     63.1     59.7    10.9      26    149    15     330     0.21    0.01
2014  9 24    67.9     57.9     62.4     60.7     8.7      17    148    14     124     0.06    0.09
2014  9 25    84.4     57.8     65.8     62.3     7.4      16    139    18     326     0.17    0.00
2014  9 26    84.1     62.2     68.4     64.0    11.4      25    140    15     365     0.26    0.00
2014  9 27    86.3     63.1     69.6     64.3    10.6      21    149    14     356     0.28    0.00
2014  9 28    67.0     51.9     64.6     62.4    11.6      25    357    34     210     0.12    0.10
2014  9 29    65.4     46.9     60.0     59.6     7.9      19     47    47     293     0.11    0.02
2014  9 30    61.9     44.3     55.8     56.9    12.1      33    125    16     189     0.12    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      71.7     49.7     62.8     60.9     8.6      22                  330                 
Totals                                                                                 5.12    2.01
Max           86.3     63.1     71.0     67.3    13.0      33                  467     0.28    1.54
Min           55.2     37.3     54.0     54.6     4.2      15                   63     0.04    0.00
Std. Dev.      9.3      7.1      5.2      3.8     2.4       5                  104     0.06        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from October 1, 2014 to October 31, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014 10  1    61.9     44.3     61.5     33.1    11.0      33    125    16     219     0.15    0.00
2014 10  2    68.6     46.0     60.3     58.5     9.0      29    283    21     250     0.16    0.00
2014 10  3    46.7     37.2     51.9     53.8    17.7      37    300    13     234     0.16    0.00
2014 10  4    47.2     32.7     48.1     50.2     9.4      24    293    19     276     0.13    0.00
2014 10  5    54.4     35.8     47.8     49.5     9.8      25    279    16     181     0.13    0.00
2014 10  6    62.9     35.2     48.2     49.1    11.0      30    272    30     268     0.19    0.00
2014 10  7    57.5     42.3     50.6     49.8    10.4      29    289    21     283     0.18    0.00
2014 10  8    51.9     30.6     48.6     48.9     5.1      20    311    33     296     0.10    0.00
2014 10  9    52.4     25.9     46.0     46.5     4.3      17    328    30     315     0.09    0.00
2014 10 10    57.1     23.5     47.0     46.1     3.4      13    190    70     304     0.10    0.00
2014 10 11    63.9     33.4     49.7     47.7    12.6      31    155    13     296     0.24    0.00
2014 10 12    58.5     44.9     51.1     49.5     8.8      24    154    46     146     0.10    0.06
2014 10 13    64.7     39.1     53.8     51.7     5.9      19    327    22     285     0.10    0.08
2014 10 14    66.7     33.0     51.1     49.6     2.7      10    285    77     284     0.09    0.00
2014 10 15    69.9     40.9     52.0     49.9    10.5      24    146    16     285     0.24    0.00
2014 10 16    69.5     49.0     54.9     51.6    14.9      30    235    63     217     0.20    0.05
2014 10 17    49.0     42.8     48.7     50.0    14.7      30    325    13      62     0.05    0.00
2014 10 18    44.7     41.7     46.7     48.2     7.7E     18E   285    54      61     0.03    0.00
2014 10 19    70.1     41.3     50.2     48.7     8.4E     24E   300    43     275     0.16    0.00
2014 10 20    63.4     34.1     50.2     48.4     3.7      15     27    59     272     0.08    0.00
2014 10 21    66.6     42.6     51.4     49.3    15.5      33    134    12     258     0.19    0.00
2014 10 22    66.8     51.4     53.9     51.4    13.3      33    159    28     139     0.14    0.03
2014 10 23    71.4     41.4     52.7     51.2     7.4      21    178    15     254     0.15    0.00
2014 10 24    77.2     44.1     54.3     51.5     8.2      22    225    45     245     0.20    0.00
2014 10 25    60.8     39.2     50.3     49.6     6.6      20    285    37     257     0.14    0.00
2014 10 26    64.8     40.0     48.5     47.4    11.9      29    142    14     182     0.26    0.00
2014 10 27    52.6     41.2     46.8     47.4     5.2      16    242    43      47     0.06    0.00
2014 10 28    43.8     37.4     43.6     45.8    12.5      26    300    18      48     0.07    0.02
2014 10 29    43.0     33.3     43.2     44.5     6.9      17    195    65     130     0.06    0.00
2014 10 30    40.6     22.1     41.3     44.0    10.6      28    349    40      82     0.05    0.05
2014 10 31    41.1     12.6     34.8     39.1     6.3      20    151    49     236     0.07    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      58.4     37.4     49.7     48.5     9.2      24                  216                 
Totals                                                                                 4.07    0.29
Max           77.2     51.4     61.5     58.5    17.7      37                  315     0.26    0.08
Min           40.6     12.6     34.8     33.1     2.7      10                   47     0.03    0.00
Std. Dev.     10.2      8.2      5.1      4.4     3.8       7                   84     0.06        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from November 1, 2014 to November 30, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014 11  1    49.1     28.8     38.0     39.1    16.9      34    148    12     222     0.17        
2014 11  2    57.0     38.1     42.7     41.5    12.1      26    144    13     186     0.18        
2014 11  3    51.0     38.8     44.5     43.6     8.4      21    278    35     109     0.09        
2014 11  4    43.7     29.8     40.4     42.6     8.7      27    271    26      58     0.07        
2014 11  5    36.7     31.2     37.4     40.3     6.7      16     17    49      33     0.01        
2014 11  6    44.4     29.0     37.4     39.8     5.6      18    251    62     166     0.03        
2014 11  7    51.3     35.8     39.3     40.6    15.5      34    206    76      43     0.06        
2014 11  8    40.4     32.7     38.5     40.3     9.9      24    281    33     138     0.08        
2014 11  9    36.6     22.9     35.6     38.5     6.9      17    357    40     138     0.05        
2014 11 10    23.0     19.1     32.1     35.5    13.0      27      0    26      67     0.05        
2014 11 11    21.2     13.5     29.8     33.5    11.6      24    324    16      87     0.03        
2014 11 12    25.2     11.1     28.6     32.2    11.8      27    316    15     100     0.03        
2014 11 13    19.4      5.8     27.4     31.7     9.4      20    304    21     178     0.03        
2014 11 14    22.3      4.3     24.9     30.1     5.0      15    202    29     198     0.02        
2014 11 15    21.5      6.4     24.2     28.9     5.7      16    255    53     123     0.02        
2014 11 16    21.5      5.8     21.7     27.0    12.2      29    268    49      93     0.04        
2014 11 17    14.8      8.9     21.4     25.7    13.4      28    311    15     111     0.04        
2014 11 18    22.8     11.0     23.6     25.8    10.4      25    231    47     118     0.04        
2014 11 19    26.3      7.8     24.9     26.7    13.3      29    293    16     115     0.06        
2014 11 20    21.4      0.8     20.4     24.3     4.7      15    232    65     181     0.03        
2014 11 21    33.2      9.8     23.6     24.9    12.4      23    161    14     139     0.06        
2014 11 22    45.0     23.1     28.4     27.8     8.4      25    151    17     129     0.05        
2014 11 23    43.6     16.7     31.2     30.0     9.8      23    277    53      39     0.05        
2014 11 24    19.2      5.9     24.1     29.0    13.5      29    326    17     118     0.03        
2014 11 25    26.4      8.7     24.9     28.2     6.4      23    124    51      77     0.03        
2014 11 26    19.2    -11.1     20.0     27.5    11.4      24    345    20     133     0.04        
2014 11 27    10.0    -13.7     14.2     24.4     6.1      19    145    33     150     0.02        
2014 11 28    19.9      9.8     22.5     25.5     8.3      23    127    23      78     0.02        
2014 11 29    24.4      7.0     25.7     26.8    11.6      26    293    63      78     0.03        
2014 11 30     8.5     -3.9     23.5     24.4    12.1      24    287    27     165     0.03        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      30.0     14.5     29.0     31.9    10.0      24                  119                 
Totals                                                                                 1.49     (30
Max           57.0     38.8     44.5     43.6    16.9      34                  222     0.18     (30
Min            8.5    -13.7     14.2     24.3     4.7      15                   33     0.01     (30
Std. Dev.     13.2     13.9      7.8      6.5     3.2       5                   49     0.04        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from December 1, 2014 to December 31, 2014
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2014 12  1     7.3    -11.7     19.4     20.3    11.3      32    168    43     171     0.03        
2014 12  2    19.3      7.3     21.2     21.1     8.5      30    205    52     127     0.03        
2014 12  3    19.8      6.2     21.5     23.2     6.5      15    230    54     153     0.02        
2014 12  4    33.4     13.1     23.6     24.1    10.2      23    150    14     148     0.05        
2014 12  5    27.4      8.1     24.6     25.6     4.6      12    330    42     146     0.02        
2014 12  6    27.5      3.1     23.1     24.5     7.9      29    145    35      50     0.03        
2014 12  7    36.5     27.2     27.6     27.4    14.2      30    160    32      58     0.03        
2014 12  8    34.1     11.3     27.1     28.3    12.1      25    323    25      34     0.05        
2014 12  9    25.0      6.0     23.8     26.2     8.5      24    152    29      61     0.02        
2014 12 10    32.7     24.9     26.8     27.3    13.0      25    152    12      54     0.02        
2014 12 11    32.8     28.4     29.0     28.8    10.8      24    158    12      28     0.01        
2014 12 12    35.3     31.4     30.6     29.9    12.8      27    156    12      41     0.01        
2014 12 13    44.8     33.0     31.6     30.7     8.5      17    150    11      65     0.00        
2014 12 14    45.3     32.3     33.6     31.3     6.8      18    145    75      14     0.00        
2014 12 15    32.3     12.2     30.7     31.5    18.5      35    336    14      33     0.03        
2014 12 16    15.7      4.9     21.6     28.4    10.8      27    328    13      78     0.02        
2014 12 17    18.7      1.4     17.8     24.6     3.7      10    339    43     127     0.01        
2014 12 18    20.6      8.0     18.6     23.6     7.6      17    144    18      38     0.01        
2014 12 19    31.1     20.6     25.6     26.2     9.4      19    152    13      26     0.01        
2014 12 20    31.9     28.8     28.9     28.4     9.9      24    167    16      23     0.01        
2014 12 21    36.1     30.6     30.2     29.5    10.7      22    147    16      27     0.01        
2014 12 22    40.2     33.7     31.5     30.5     7.2      16    108    32      20     0.00        
2014 12 23    33.9     30.2     31.9     31.2    10.3      24    336    20      20     0.00        
2014 12 24    30.2     25.9     31.9     31.6     8.2      17    213    54      39     0.01        
2014 12 25    30.0     25.8     31.6     31.4     7.8      17    320    47      36     0.01        
2014 12 26    25.9      6.5     28.2     30.3     9.5      18    338    16      38     0.03        
2014 12 27    25.3      1.2     21.5     26.4     5.3      13    221    47      80     0.02        
2014 12 28    22.6     -5.2     17.5     23.4    11.3      23    359    16     148     0.05        
2014 12 29     1.5    -11.0      9.0     17.4     7.4      16    328    27     155     0.01        
2014 12 30     2.9    -10.8      7.1     15.4     7.8      18    265    40     133     0.02        
2014 12 31    23.1     -1.9     12.6     17.2    11.5      27    230    32     113     0.05        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      27.2     13.6     24.5     26.3     9.4      22                   74                 
Totals                                                                                 0.62     (31
Max           45.3     33.7     33.6     31.6    18.5      35                  171     0.05     (31
Min            1.5    -11.7      7.1     15.4     3.7      10                   14     0.00     (31
Std. Dev.     10.6     14.5      6.8      4.5     3.0       6                   51     0.01        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from January 1, 2015 to January 31, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  1  1    27.5      4.9     20.1     22.2     9.6      26    326    56      69     0.05        
2015  1  2    37.7      5.2     22.0     23.1     8.3      23    167    35      63     0.06        
2015  1  3    26.1    -12.0     16.6     23.9    17.3      34    336    40      89     0.06        
2015  1  4    -5.5    -13.5      5.0     19.5     9.0      21    297    23     143     0.01        
2015  1  5    -0.2    -12.3      4.2     17.8     7.0      15    210    31      63     0.01        
2015  1  6     5.2     -7.6      6.3     17.7    11.5      25    296    30      92     0.03        
2015  1  7     5.0    -13.3      5.2     16.9     9.8      19    248    43     165     0.03        
2015  1  8    10.9     -2.2     10.5     18.6    15.0      35    312    58      85     0.03        
2015  1  9     7.1     -5.6      6.6     18.6    10.1      22    272    23     161     0.03        
2015  1 10     8.3     -7.3      7.0     17.9     6.6      16    282    74     166     0.02        
2015  1 11    11.2     -5.5     10.0     18.7     5.1      15    276    60     100     0.02        
2015  1 12    -2.5    -16.7      6.1     17.4     4.8      16    310    64     177     0.01        
2015  1 13    13.3    -11.1      6.7     16.8     9.8      21    163    14      93     0.03        
2015  1 14    25.3      4.0     14.7     19.6     6.7      17    181    21      81     0.02        
2015  1 15    35.6     20.1     21.2     23.0     6.8      16    303    55     133     0.02        
2015  1 16    27.9     16.7     23.3     24.7     9.5      25    123    48      58     0.02        
2015  1 17    38.4     27.2     27.5     26.6    11.4      25    272    47      95     0.04        
2015  1 18    32.8     18.8     25.5     26.9     5.2      14    310    61     160     0.02        
2015  1 19    39.4     24.2     28.1     27.8     6.6      19    146    56     125     0.02        
2015  1 20    32.1     27.3     29.7     29.3     5.2      13     27    36      21     0.01        
2015  1 21    27.3     11.3     25.1     28.3     8.2      19    345    30      79     0.02        
2015  1 22    35.4      9.2     22.8     25.9    11.0      25    177    12     158     0.05        
2015  1 23    44.4     29.1     29.8     29.0     6.7      15    247    40     174     0.03        
2015  1 24    33.7     27.4     30.4     29.6     6.4      18    325    62      72     0.01        
2015  1 25    28.4     17.3     28.4     29.0     7.4      22    332    74     156     0.03        
2015  1 26    42.2     25.2     29.4     29.2     9.0      26    306    57     123     0.04        
2015  1 27    34.2     25.7     30.6     29.6    10.1      28    145    20      55     0.01        
2015  1 28    35.2     28.0     31.4     30.5    12.9      29    168    68      41     0.02        
2015  1 29    28.0      6.2     25.9     28.8    13.3      28    337    21     114     0.05        
2015  1 30    33.1      6.5     22.4     25.4     9.0      26    152    51     169     0.05        
2015  1 31    24.6     -2.8     20.2     24.0    15.4      27    359    19     155     0.06        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      23.9      7.2     19.1     23.8     9.2      22                  111                 
Totals                                                                                 0.91     (31
Max           44.4     29.1     31.4     30.5    17.3      35                  177     0.06     (31
Min           -5.5    -16.7      4.2     16.8     4.8      13                   21     0.01     (31
Std. Dev.     14.3     15.3      9.6      4.8     3.2       6                   45     0.02        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from February 1, 2015 to February 28, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  2  1     4.5     -8.8     11.5     17.7    11.0      23    355    30     207     0.03        
2015  2  2    20.4     -3.0     12.9     17.1     7.4      17    188    58     193     0.04        
2015  2  3    14.1      3.5     15.7     19.3     3.4      10    306    53      87     0.01        
2015  2  4     8.3     -6.3     15.9     19.8     7.5      17    280    43     209     0.02        
2015  2  5    24.4     -3.9     16.4     19.1     8.6      20    177    25     217     0.04        
2015  2  6    33.7     16.1     22.5     22.9     5.6      14     81    40     206     0.04        
2015  2  7    35.8     20.4     25.8     25.3     5.7      17    117    66     165     0.03        
2015  2  8    24.4     13.6     23.5     25.0    10.5      20    346    17      56     0.02        
2015  2  9    24.4     10.6     22.0     23.7     5.7      12     12    44      72     0.01        
2015  2 10    30.8     16.1     25.3     25.7    11.3      30    176    77      63     0.03        
2015  2 11    16.1     -7.4     24.2     25.7    15.1      30    324    16     237     0.04        
2015  2 12    12.5    -16.3     20.7     24.2     7.5      19    162    48     197     0.03        
2015  2 13    18.4      4.7     21.6     24.7    11.2      30    326    46     198     0.03        
2015  2 14     4.7    -12.5     10.7     21.1    11.3      32    354    25     229     0.03        
2015  2 15    12.6     -2.3     14.8     20.9    11.4      24    144    17     129     0.03        
2015  2 16    13.7     -1.6     18.6     22.9     9.3      20    324    28     236     0.03        
2015  2 17     2.5    -10.1     13.2     21.0    10.3      23    304    21     232     0.02        
2015  2 18    -2.1    -15.7      6.5     17.4     6.9      19    317    25     294     0.01        
2015  2 19    13.3    -15.6      7.3     15.6     8.8      24    149    13     258     0.03        
2015  2 20    25.8      9.0     17.9     20.1    11.2      23    346    77     134     0.04        
2015  2 21     9.0    -11.9     13.1     19.5    11.9      23    334    15     289     0.03        
2015  2 22    -5.3    -20.4      4.3     15.2     7.6      19    308    36     321     0.01        
2015  2 23    30.8    -11.3      9.9     15.3    12.8      30    199    30     210     0.10        
2015  2 24    31.4      7.6     21.7     21.4    12.4      30    331    31     286     0.08        
2015  2 25     7.7     -7.2     15.3     19.8    11.8      25    352    20     265     0.03        
2015  2 26     7.6    -12.6     10.2     16.4     7.0      18    315    27     319     0.02        
2015  2 27    17.8     -9.5     12.8     16.3     6.7      16    196    26     329     0.04        
2015  2 28    26.7      4.2     17.2     18.7    11.7      26    175    39     244     0.07        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      16.6     -2.5     16.1     20.4     9.3      22                  210                 
Totals                                                                                 0.94     (28
Max           35.8     20.4     25.8     25.7    15.1      32                  329     0.10     (28
Min           -5.3    -20.4      4.3     15.2     3.4      10                   56     0.01     (28
Std. Dev.     11.1     11.3      5.9      3.4     2.8       6                   77     0.02        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from March 1, 2015 to March 31, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  3  1    23.3      1.4     17.5     19.6     8.0      21    261    38     213     0.04        
2015  3  2    33.1      2.7     20.0     20.4    11.8      31    157    17     315     0.10        
2015  3  3    27.1     -0.2     22.6     22.7    15.5      31    296    39     290     0.07        
2015  3  4     4.7     -6.4     13.7     16.9     8.6      21    296    20     275     0.02        
2015  3  5    25.0     -7.6     15.0     16.4    10.1      25    174    22     350     0.08        
2015  3  6    39.6     10.5     23.9     21.8     7.9      19    231    53     325     0.10        
2015  3  7    42.1     26.7     29.7     27.1     8.2      19    291    49     284     0.09        
2015  3  8    48.8     27.2     31.3     28.8     9.0      23    255    31     350     0.13        
2015  3  9    58.4     31.1     34.2     30.2     8.5      20    198    32     352     0.17        
2015  3 10    55.7     32.1     36.1     30.9     8.3      25    301    56     358     0.15        
2015  3 11    57.8     30.0     36.9     31.3     8.8      24    138    19     320     0.15        
2015  3 12    63.1     40.0     40.0     34.1     8.3      23    155    33     182     0.14        
2015  3 13    51.7     31.7     38.1     34.8     9.5      25    294    25     342     0.12        
2015  3 14    66.7     27.4     40.1     35.5     7.0      22    160    30     363     0.18        
2015  3 15    74.6     46.7     46.9     40.3    11.2      32    237    61     287     0.31        
2015  3 16    55.6     19.6     39.0     38.8    10.6      30    355    27     129     0.17        
2015  3 17    47.2     20.0     34.2     33.6     5.8      17    261    35     378     0.14        
2015  3 18    43.7     29.1     34.9     33.4     6.4      17    177    29     183     0.08        
2015  3 19    46.0     29.8     37.2     34.7     8.6      21    180    55     169     0.09        
2015  3 20    36.2     20.5     33.5     33.4     9.0      25    343    51     116     0.05        
2015  3 21    27.0     13.6     31.1     31.9     7.1      15     17    24     196     0.06        
2015  3 22    39.8     27.0     33.0     31.8     6.9      18     95    45     207     0.12        
2015  3 23    35.9     29.1     33.3     31.9    11.5      28    159    16      94     0.06        
2015  3 24    37.3     30.7     34.0     32.0    17.2      35    147    14     111     0.05        
2015  3 25    41.5     25.9     34.1     32.7    17.2      37    293    30     162     0.10        
2015  3 26    34.3     13.9     32.8     32.2     9.4      27    345    21     353     0.10        
2015  3 27    36.4     10.7     30.4     31.7     6.2      17    167    25     239     0.08        
2015  3 28    52.3     23.9     35.5     31.9    14.4      31    155    17     429     0.20        
2015  3 29    56.6     35.6     41.7     36.3    14.8      40    309    50     367     0.19        
2015  3 30    61.2     34.4     43.9     38.2     5.5      19    125    65     373     0.14        
2015  3 31    65.6     31.4     46.8     40.1     3.1      17    144    57     555     0.17        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      44.8     22.2     32.9     30.8     9.5      24                  280                 
Totals                                                                                 3.65     (31
Max           74.6     46.7     46.9     40.3    17.2      40                  555     0.31     (31
Min            4.7     -7.6     13.7     16.4     3.1      15                   94     0.02     (31
Std. Dev.     15.2     13.5      8.4      6.4     3.4       6                  107     0.06        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from April 1, 2015 to April 30, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  4  1    72.1     41.0     49.8     43.1    13.8      32    212    68     380     0.32    0.00
2015  4  2    52.6     21.5     42.2     40.2    17.3      41    289    41     397     0.21    0.00
2015  4  3    42.4     14.6     37.6     35.7     6.4      21    332    58     446     0.14    0.00
2015  4  4    47.9     17.6     40.5     36.2     4.6      16     30    43     445     0.13    0.00
2015  4  5    45.4     24.5     39.6     36.2     9.7      21     45    16     413     0.20    0.00
2015  4  6    43.7     30.4     38.3     35.6     9.3      18     52    15     229     0.19    0.00
2015  4  7    40.0     34.5     36.1     34.7     6.2      17    106    35      64     0.09    0.06
2015  4  8    46.1     33.8     39.2     36.0     6.0      16     42    35     218     0.07    0.00
2015  4  9    61.3     32.0     44.9     39.2    10.2      28    347    24     494     0.26    0.00
2015  4 10    58.0     30.8     46.3     40.5     8.5      22    329    37     558     0.24    0.00
2015  4 11    78.7     33.7     48.4     41.6    11.3      36    173    21     492     0.43    0.00
2015  4 12    69.1     41.0     51.4     44.9    12.3      29    240    61     320     0.29    0.00
2015  4 13    63.1     33.5     46.5     42.3    11.0      34    292    24     550     0.35    0.00
2015  4 14    79.3     34.8     49.9     42.4     9.9      26    161    17     575     0.45    0.00
2015  4 15    75.6     47.7     54.2     45.9    14.7      34    175    17     573     0.44    0.00
2015  4 16    70.5     38.8     56.8     48.5     6.9      24    307    70     497     0.25    0.00
2015  4 17    75.8     31.7     53.7     46.4     6.2      24    312    53     593     0.33    0.00
2015  4 18    72.6     33.7     54.1     46.8     6.5      24    111    44     400     0.27    0.00
2015  4 19    56.2     37.7     48.0     45.8    10.9      28    327    30     134     0.07    0.34
2015  4 20    38.8     33.5     39.0     40.1    13.8      31    333    15     181     0.07    0.03
2015  4 21    43.0     31.2     36.2     37.0    15.8      34    336    16     211     0.12    0.00
2015  4 22    48.0     24.3     39.2     36.8    10.0      29    338    19     638     0.25    0.00
2015  4 23    52.6      9.5E    43.1     38.2     3.0      12     65    45     567     0.16    0.00
2015  4 24    53.5     40.0E    45.9     41.8    10.2      29    121    18     290     0.14    0.00
2015  4 25    62.0     42.7     48.7     43.5     6.3      18    114    27     327     0.16    0.00
2015  4 26    68.2     38.3     54.2     45.8     4.3      16    143    37     630     0.26    0.00
2015  4 27    73.7     36.0     57.3     48.0     5.9      27    326    61     591     0.30    0.00
2015  4 28    65.5     41.4     57.1     50.0     7.1      18      1    19     595     0.23    0.13
2015  4 29    72.5     36.9     58.4     49.6     3.6      15    175    28     639     0.25    0.00
2015  4 30    80.6     47.4     61.0     50.9    10.2      29    181    30     609     0.45    0.06
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      60.3     33.2     47.3     42.1     9.1      25                  435                 
Totals                                                                                 7.12    0.62
Max           80.6     47.7     61.0     50.9    17.3      41                  639     0.45    0.34
Min           38.8      9.5     36.1     34.7     3.0      12                   64     0.07    0.00
Std. Dev.     13.4      8.9      7.4      4.9     3.7       7                  167     0.11        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from May 1, 2015 to May 31, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  5  1    75.0     48.1     65.4     54.7     4.0      16    130    78     589     0.24    0.02
2015  5  2    85.9     49.8     63.0     54.3    10.9      36    176    35     554     0.45    0.05
2015  5  3    70.3     46.2     58.0     52.5     8.7      28    333    34     436     0.29    0.00
2015  5  4    70.0     35.6     58.6     50.8     3.0      12    163    66     532     0.21    0.00
2015  5  5    78.8     52.1     62.7     52.4    10.4      26    149    18     588     0.43    0.00
2015  5  6    65.8     57.7     60.2     54.4    10.6      23    143    22     143     0.08    0.19
2015  5  7    67.9     43.7     58.6     55.4    12.4      26    304    66     262     0.13    0.10
2015  5  8    44.2     32.8     48.2     49.2    12.2      25    354    16     337     0.13    0.00
2015  5  9    52.7     28.4     49.5     46.8     9.6      21     16    21     471     0.19    0.00
2015  5 10    47.2     40.9     46.1     46.5    11.3      28     41    18     138     0.06    0.85
2015  5 11    42.8     37.3     42.7     44.4    14.8      30      3    21     149     0.04    0.94
2015  5 12    56.6     32.5     51.7     46.7     5.9      16     21    43     602     0.17    0.01
2015  5 13    65.8     45.3     49.4     48.2    12.4      37    128    19     133     0.16    0.57
2015  5 14    61.2     52.2     53.0     50.1     9.7      26    151    14     158     0.08    0.28
2015  5 15    60.3     48.3     55.3     51.4     4.0      14     40    55     238     0.07    0.01
2015  5 16    69.1     52.4     58.8     53.7     8.2      21    118    21     276     0.13    0.00
2015  5 17    69.4     37.9     59.8     56.4    10.7      33    352    64     243     0.11    2.39
2015  5 18    39.7     32.9     43.6     48.8    16.4      35    338    15     136     0.05    0.26
2015  5 19    55.8     30.8     51.1     48.7     4.1      14    346    32     721     0.19    0.00
2015  5 20    70.9     37.9     56.9     52.4     3.9      16    258    48     700     0.25    0.00
2015  5 21    69.0     41.5     58.9     55.6     5.2      16    339    22     715     0.26    0.00
2015  5 22    75.7     41.7     61.1     57.5     3.4      15    164    30     699     0.27    0.00
2015  5 23    72.9     52.3     62.0     59.5     7.0      21    179    30     678     0.30    0.00
2015  5 24    71.3     53.3     59.5     58.5     4.9      17     96    33     244     0.14    0.00
2015  5 25    65.7     51.3     59.9     58.4     5.7      21     34    28     243     0.09    0.34
2015  5 26    77.4     49.6     63.2     59.1     4.9      15    198    24     565     0.23    0.00
2015  5 27    82.0     52.4     67.2     62.8     3.7      18      3    48     634     0.26    0.00
2015  5 28    84.8     60.3     65.9     64.2     8.1      51    189    48     390     0.22    1.47
2015  5 29    62.4     42.2     58.5     59.9    15.3      31      4    21     400     0.18    0.38
2015  5 30    58.9     34.1     54.4     56.8     7.8      21     20    23     735     0.26    0.00
2015  5 31    62.6     46.3     54.6     57.4     7.5      22    141    23     399     0.20    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      65.6     44.1     56.7     53.8     8.3      24                  423                 
Totals                                                                                 5.87    7.86
Max           85.9     60.3     67.2     64.2    16.4      51                  735     0.45    2.39
Min           39.7     28.4     42.7     44.4     3.0      12                  133     0.04    0.00
Std. Dev.     11.8      8.5      6.4      5.0     3.8       9                  211     0.10        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from June 1, 2015 to June 30, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  6  1    74.0     53.5     57.5     57.5    13.5      29    151    15     478     0.33    0.01
2015  6  2    80.3     60.4     61.9     59.3    12.6      41    162    16     320     0.26    0.01
2015  6  3    70.8     55.1     60.3     60.3     8.5      19    316    43     127     0.07    0.01
2015  6  4    73.6     55.0     63.9     61.4     6.5      18      9    29     461     0.20    0.00
2015  6  5    76.2     57.9     65.8     63.7     5.8      17    113    29     463     0.21    0.00
2015  6  6    73.4     58.1     64.6     63.8     8.8      26    153    47     255     0.14    0.47
2015  6  7    83.6     56.3     67.8     65.2     6.4      21    306    43     659     0.29    0.00
2015  6  8    85.6     56.1     69.8     67.6     3.6      17    306    33     620     0.27    0.01
2015  6  9    90.3     59.7     67.4     67.6     7.9      30    292    71     564     0.33    0.01
2015  6 10    73.4     55.1     65.7     66.5     4.6      13     12    30     469     0.20    0.00
2015  6 11    80.4     59.1     69.9     68.7     3.7      16     80    51     688     0.28    0.00
2015  6 12    82.8     57.6     71.4     68.9     7.8      21    172    19     712     0.38    0.00
2015  6 13    82.3     60.6     72.8     68.9     9.3      23    163    17     680     0.35    0.00
2015  6 14    71.4     57.3     68.7     67.9     6.4      23      4    47     436     0.16    0.95
2015  6 15    69.4     54.8     66.7     66.7     6.2      19    345    28     636     0.24    0.00
2015  6 16    61.1     46.3     59.8     62.4     4.4      14    141    41     194     0.08    0.27
2015  6 17    70.4     52.9     62.5     62.6     3.5      13    310    73     400     0.13    0.00
2015  6 18    68.9     52.4     66.1     65.0     6.7      22     12    33     607     0.23    0.00
2015  6 19    83.0     57.4     67.6     65.4    10.2      27    178    28     554     0.33    0.01
2015  6 20    78.4     59.3     69.3     67.0     6.0      19    347    54     429     0.17    0.06
2015  6 21    86.0     52.8     72.1     68.1     4.8      21    185    59     682     0.31    0.13
2015  6 22    72.3     58.5     70.5     68.5     7.6      28    327    36     495     0.19    0.28
2015  6 23    81.8     56.5     71.8     67.8     5.2      19    245    31     694     0.30    0.00
2015  6 24    81.6     59.5     73.3     69.0     5.4      28    198    53     483     0.22    0.23
2015  6 25    80.2     54.5     73.0     69.7     2.3      11    356    40     658     0.22    0.01
2015  6 26    83.8     60.0     76.0     71.6     3.9      15     12    64     696     0.28    0.00
2015  6 27    84.2     62.1     74.1     70.2     7.1      21    177    33     453     0.24    0.05
2015  6 28    82.5     57.0     73.0     69.5     5.7      20    343    21     629     0.26    0.00
2015  6 29    77.7     61.4     70.7     68.4     4.6      14    323    30     305     0.13    0.00
2015  6 30    74.9     56.1     68.9     67.3     2.4      10     68    48     306     0.12    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      77.8     56.8     68.1     66.2     6.4      21                  505                 
Totals                                                                                 6.92    2.51
Max           90.3     62.1     76.0     71.6    13.5      41                  712     0.38    0.95
Min           61.1     46.3     57.5     57.5     2.3      10                  127     0.07    0.00
Std. Dev.      6.5      3.3      4.6      3.5     2.7       7                  163     0.08        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from July 1, 2015 to July 31, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  7  1    76.0     61.3     72.2     68.0     5.2      14    174    23     501     0.20    0.00
2015  7  2    78.4     57.9     72.5     67.2     7.1      20    178    19     561     0.27    0.00
2015  7  3    83.1     63.3     74.5     69.0     3.4      10     33    69     517     0.21    0.00
2015  7  4    84.9     65.0     75.5     69.7     8.1      21    166    17     524     0.27    0.00
2015  7  5    84.0     66.5     76.1     70.4     8.3      23    221    78     397     0.21    0.00
2015  7  6    67.0     48.5     71.5     68.0    10.7      27      2    17     544     0.24    0.00
2015  7  7    73.2     43.6     70.5     65.9     3.8      16    184    33     703     0.25    0.00
2015  7  8    71.8     56.2     66.8     64.7     6.0      17    169    25     266     0.13    0.16
2015  7  9    83.0     53.7     70.9     67.1     3.6      13    229    47     662     0.26    0.00
2015  7 10    87.3     59.1     74.8     69.3     7.5      17    161    17     653     0.34    0.00
2015  7 11    84.5     68.3     75.5     70.5     9.5      22    150    16     491     0.25    0.00
2015  7 12    88.5     69.9     77.0     72.4     7.9      25    149    34     435     0.22    0.02
2015  7 13    83.9     66.6     76.6     72.2     5.6      18    285    53     554     0.23    0.09
2015  7 14    88.8     64.5     79.1     73.6     3.9      15     22    70     611     0.25    0.00
2015  7 15    88.8     67.2     77.7     73.3     5.7      29    173    31     398     0.19    0.02
2015  7 16    81.0     67.3     74.4     72.0     4.9      22    176    50     333     0.13    1.12
2015  7 17    84.4     63.7     77.2     73.6     4.2      24      7    49     595     0.22    0.44
2015  7 18    74.8     63.5     74.2     71.8     8.6      25    267    27     555     0.24    0.00
2015  7 19    85.7     60.1     75.3     70.0     9.0      23    252    25     682     0.37    0.00
2015  7 20    74.9     58.7     75.1     69.8     6.6      19    328    28     605     0.25    0.00
2015  7 21    81.8     57.6     76.4     70.1     3.5      12    307    73     598     0.24    0.00
2015  7 22    84.4     65.5     77.7     71.9     8.6      19    163    23     585     0.28    0.21
2015  7 23    86.7     65.8     78.9     72.6    11.0      28    158    21     638     0.32    0.04
2015  7 24    83.6     65.8     77.3     72.5     5.6      21    308    57     466     0.20    0.00
2015  7 25    85.4     62.2     75.7     71.1     6.4      19    179    20     409     0.20    0.00
2015  7 26    87.9     65.8     78.7     72.4     5.3      18    168    22     653     0.28    0.00
2015  7 27    89.1     69.8     79.4     73.2     9.0      22    148    17     534     0.28    0.00
2015  7 28    78.9     65.6     77.6     72.9    12.9      33    222    40     584     0.32    0.70
2015  7 29    81.6     66.4     73.8E    69.3E   14.6E     30    282    19     596E    0.37    0.00
2015  7 30    83.4     55.0E    75.0     69.3     7.9      24    293    16     621     0.32    0.00
2015  7 31    82.8     56.7     75.3     68.9     6.1      19    301    24     647     0.30    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      82.2     62.0     75.3     70.4     7.1      21                  546                 
Totals                                                                                 7.84    2.80
Max           89.1     69.9     79.4     73.6    14.6      33                  703     0.37    1.12
Min           67.0     43.6     66.8     64.7     3.4      10                  266     0.13    0.00
Std. Dev.      5.5      6.1      2.8      2.3     2.8       5                  106     0.06        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from August 1, 2015 to August 31, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  8  1    86.4     57.7     76.9     69.4     3.9      16    160    23     615     0.26    0.00
2015  8  2    78.2     57.5     77.1     70.1     7.9      22    334    32     601     0.28    0.00
2015  8  3    78.5     50.3     73.9     67.5     4.6      20    322    21     657     0.26    0.00
2015  8  4    79.2     47.0E    74.4     67.5     3.5      15     33    37     641     0.24    0.00
2015  8  5    81.2     61.1     74.8     68.1     7.3      17    154    22     463     0.26    0.00
2015  8  6    77.2     64.9     73.6     68.7     5.5      20    172    36     216     0.10    0.81
2015  8  7    85.4     59.5     74.9     70.7     3.2      16    215    54     577     0.21    0.20
2015  8  8    83.9     65.8     76.5     72.9     4.1      12    335    72     563     0.22    0.37
2015  8  9    79.4     61.0     74.2     71.8     3.7      13      4    27     431     0.17    0.00
2015  8 10    82.3     57.3     74.8     70.8     3.1      14    342    28     537     0.20    0.00
2015  8 11    85.7     54.4     76.8     71.2     3.0      13    181    45     592     0.23    0.00
2015  8 12    91.7     63.0     78.6     71.7     9.5      23    185    21     554     0.34    0.00
2015  8 13    88.7     69.7     78.3     72.6     4.6      20    192    42     327     0.17    0.00
2015  8 14    93.4     67.5     81.1     73.9     5.7      14    179    23     548     0.26    0.00
2015  8 15    92.0     72.5     81.9     74.6    11.4      30    173    18     548     0.32    0.07
2015  8 16    76.0     57.4     72.8     71.1     5.7      22    282    43     184     0.09    0.02
2015  8 17    74.4     50.2     70.0     68.1     1.7       8     48    66     442     0.14    0.00
2015  8 18    64.9     55.8     65.6     66.0     6.4      24      5    31     103     0.06    0.23
2015  8 19    69.6     48.2     63.3     63.8     9.0      23    352    21     393     0.18    0.01
2015  8 20    75.8     44.7     66.3     63.8     4.3      17    171    26     582     0.22    0.00
2015  8 21    82.6     58.6     69.3     65.8    10.7      22    163    15     435     0.24    0.00
2015  8 22    75.7     55.8     67.8     67.0    11.9      32    188    45     119     0.11    0.34
2015  8 23    68.1     52.5     62.6     63.1    15.1      36    300    21     456     0.22    0.08
2015  8 24    70.8     47.0     63.3     61.7     8.7      23    320    19     571     0.25    0.00
2015  8 25    72.4     40.4     64.5     61.2     3.1      16    354    23     565     0.19    0.00
2015  8 26    76.6     48.0     65.6     61.6     5.6      17    150    17     489     0.22    0.00
2015  8 27    78.1     59.1     68.9     64.1     5.2      13    158    26     366     0.15    0.00
2015  8 28    80.7     63.5     72.0     66.7     8.7      20    182    15     455     0.19    0.00
2015  8 29    81.7     61.1     72.0     67.2     8.6      18    168    13     373     0.18    0.00
2015  8 30    86.3     63.3     72.6     67.8    10.8      24    163    13     436     0.24    0.00
2015  8 31    80.5     63.6     72.8     68.1     6.7      22    176    48     328     0.16    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      79.9     57.4     72.2     68.0     6.6      19                  457                 
Totals                                                                                 6.36    2.13
Max           93.4     72.5     81.9     74.6    15.1      36                  657     0.34    0.81
Min           64.9     40.4     62.6     61.2     1.7       8                  103     0.06    0.00
Std. Dev.      6.9      7.7      5.3      3.7     3.2       6                  149     0.06        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from September 1, 2015 to September 30, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015  9  1    89.0     58.8     73.4     67.5     4.8      16    147    23     501     0.24    0.00
2015  9  2    89.2     67.3     76.2     69.4     9.0      21    146    16     492     0.26    0.00
2015  9  3    91.3     71.3     77.6     70.9    12.0      26    145    14     443     0.26    0.00
2015  9  4    82.2     73.4     75.6     71.4     7.6      23    149    33     194     0.11    0.00
2015  9  5    83.0     67.6     74.0     70.9     3.9      14    118    61     185     0.08    0.14
2015  9  6    77.9     54.9     72.0     70.7     4.4      17    345    42     224     0.09    0.22
2015  9  7    73.9     50.0     64.2     66.0     3.1      13    189    62     267     0.11    0.00
2015  9  8    73.9     48.4     65.1     64.1     5.1      22    282    30     501     0.20    0.00
2015  9  9    75.7     48.9     65.3     63.1     3.1      13     19    56     347     0.14    0.00
2015  9 10    64.5     41.2     62.8     61.3     6.4      24      2    19     393     0.15    0.00
2015  9 11    66.8     40.9     62.7     60.1     3.1      14    326    49     411     0.14    0.00
2015  9 12    76.0     44.2     62.6     59.6     7.9      22    188    18     450     0.25    0.00
2015  9 13    85.7     50.9     66.2     61.2    10.1      25    177    16     463     0.32    0.00
2015  9 14    78.9     49.9E    68.5     63.3     6.7      15     75    36     390     0.18    0.00
2015  9 15    84.0     67.7     70.4     65.3    12.0      29    159    15     352     0.26    0.00
2015  9 16    77.3     61.5     70.3     65.6     5.8      19    356    58     291     0.15    0.00
2015  9 17    70.3     47.5     66.9     63.9     7.7      23    311    35     244     0.13    0.00
2015  9 18    61.0     41.3     59.3     59.6     4.0      15    242    28     158     0.06    0.01
2015  9 19    75.7     44.4     60.2     58.7     8.1      22    208    25     413     0.23    0.00
2015  9 20    78.4     50.5     63.1     59.6     8.4      19    170    18     425     0.24    0.00
2015  9 21    91.1     56.7     66.4     61.3     9.4      24    190    58     423     0.34    0.00
2015  9 22    67.1     46.1     63.7     60.2     6.3      18     29    26     300     0.17    0.03
2015  9 23    60.8     50.0     59.1     57.4     5.1      15     72    26      72     0.04    1.22
2015  9 24    73.0     58.7     62.6     60.3     2.7       9     73    49     185     0.05    0.00
2015  9 25    80.2     58.4     65.8     62.9     5.6      16    150    23     365     0.15    0.00
2015  9 26    82.5     59.7     66.6     63.6    11.4      26    169    15     389     0.29    0.00
2015  9 27    80.3     58.4     67.8     63.8     6.5      22    168    65     320     0.18    0.00
2015  9 28    69.1     43.9     64.0     62.0     4.9      20    354    27     336     0.15    0.00
2015  9 29    68.7     35.0     59.3     58.4     3.6      17    152    45     396     0.15    0.00
2015  9 30    70.2     49.3     59.1     57.5    11.2      25    155    16     322     0.28    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      76.6     53.2     66.4     63.3     6.7      19                  342                 
Totals                                                                                 5.40    1.62
Max           91.3     73.4     77.6     71.4    12.0      29                  501     0.34    1.22
Min           60.8     35.0     59.1     57.4     2.7       9                   72     0.04    0.00
Std. Dev.      8.5      9.8      5.3      4.2     2.8       5                  111     0.08        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from October 1, 2015 to October 31, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015 10  1    65.4     51.2     58.7     56.7     9.9      28    141    17     280     0.22    0.00
2015 10  2    62.3     44.0     56.9     55.6     7.5      21    125    19     356     0.17    0.00
2015 10  3    61.6     42.7     55.8     54.7     7.3      20    126    20     328     0.15    0.00
2015 10  4    60.9     48.4     56.2     54.9     8.4      20    154    18     169     0.13    0.00
2015 10  5    61.4     52.7     56.8     55.4     4.9      14    195    34     101     0.07    0.00
2015 10  6    61.9     41.6     57.2     55.4     4.8      18    338    32     360     0.12    0.00
2015 10  7    65.4     31.9     53.3     52.9     6.9      23    151    22     262     0.15    0.02
2015 10  8    54.4     47.8     53.1     53.4     7.3      20    330    35      81     0.05    0.00
2015 10  9    61.4     38.2     53.8     53.4     5.2      19    178    33     291     0.10    0.00
2015 10 10    81.5     48.6     56.8     54.4     8.4      21    189    23     279     0.22    0.00
2015 10 11    95.1     52.2     60.2     56.0     9.2      45    236    53     317     0.35    0.00
2015 10 12    61.6     35.4     55.3     54.4    16.3      42    299    26      68     0.12    0.08
2015 10 13    61.7     32.4     51.9     51.8     2.5      12    295    42     330     0.08    0.00
2015 10 14    70.4     38.4     51.7     51.0     7.2      24    277    26     304     0.19    0.00
2015 10 15    56.5     29.6     50.4     49.8    10.1      26    319    26     273     0.17    0.00
2015 10 16    50.2     24.5     44.9     46.9     2.6       8    214    34     155     0.05    0.00
2015 10 17    57.8     24.9     45.7     46.1     2.6      14    114    53     312     0.09    0.00
2015 10 18    68.6     43.2     49.9     47.9    12.7      32    161    17     295     0.25    0.00
2015 10 19    71.0     46.9     53.4     50.3     6.2      18     26    53     237     0.15    0.00
2015 10 20    68.9     46.2     54.3     51.0     6.4      16    110    44     257     0.14    0.00
2015 10 21    60.0     41.1     53.8     51.3     9.4      28    301    38     254     0.15    0.00
2015 10 22    64.8     34.3     50.3     48.7     5.0      17    156    25     282     0.14    0.00
2015 10 23    54.3     46.7     50.8     49.9     9.7      24    147    63      33     0.02    0.98
2015 10 24    56.6     35.0     48.6     49.3     4.9      18    301    23     278     0.07    0.00
2015 10 25    52.4     34.7     46.1     48.1     3.8       9     59    30     132     0.03    0.00
2015 10 26    53.0     34.9     46.2     47.7     6.3      16     78    30     215     0.06    0.00
2015 10 27    58.9     46.0     49.3     49.0    10.6      27    152    25     225     0.11    0.00
2015 10 28    48.7     34.1     44.8     47.2    14.5      33    313    13      70     0.05    0.17
2015 10 29    41.3     37.9     42.6     44.9     8.4      27    326    29      46     0.02    0.00
2015 10 30    50.4     35.3     43.3     45.1     9.0      21    174    17     201     0.06    0.00
2015 10 31    54.0     38.5     44.1     45.3    13.7      31    240    56      89     0.07    0.00
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      61.0     40.0     51.5     50.9     7.8      22                  222                 
Totals                                                                                 3.75    1.25
Max           95.1     52.7     60.2     56.7    16.3      45                  360     0.35    0.98
Min           41.3     24.5     42.6     44.9     2.5       8                   33     0.02    0.00
Std. Dev.     10.1      7.6      4.9      3.6     3.4       8                   99     0.07        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from November 1, 2015 to November 30, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015 11  1    55.7     32.5     44.6     45.7     6.1      23    190    48     139     0.06        
2015 11  2    61.7     32.2     44.7     45.5     2.0      14    294    63     175     0.04        
2015 11  3    66.4     38.1     47.4     46.4     5.1      19     66    35     227     0.08        
2015 11  4    51.3     38.6     47.0     47.0     2.6      17    310    41      46     0.00        
2015 11  5    43.9     35.7     44.9     46.5     8.5      20    308    22      59     0.01        
2015 11  6    43.3     30.9     41.8     44.6     7.3      24    285    20      96     0.03        
2015 11  7    49.8     28.9     40.3     43.0     7.1      15    208    26     216     0.06        
2015 11  8    58.3     33.4     41.6     43.0     7.8      23    178    15     225     0.09        
2015 11  9    58.0     34.5     43.1     43.5     6.6      19    163    23     216     0.07        
2015 11 10    58.4     37.6     45.7     45.0     8.9      17    171    66     195     0.08        
2015 11 11    37.8     32.4     42.1     43.7     9.7      21    350    20      33     0.01        
2015 11 12    38.8     29.4     39.0     41.7     9.2      25    309    22      35     0.02        
2015 11 13    46.3     22.6     36.8     39.8     6.5      18    192    44     205     0.07        
2015 11 14    56.9     34.0     39.2     40.3     5.2      17    172    29     138     0.06        
2015 11 15    61.3     34.7     41.9     41.5     6.7      23    143    17     197     0.09        
2015 11 16    54.2     48.6     46.3     44.8    12.3      27    150    14      27     0.04        
2015 11 17    50.5     38.6     45.8     45.9     7.6      19    346    54      21     0.00        
2015 11 18    43.4     26.7     41.9     43.9    11.7      43    299    32      65     0.03        
2015 11 19    30.7     21.0     35.8     39.4    17.8      41    291    11     137     0.05        
2015 11 20    27.9     11.6     32.7     36.5     3.5      12    315    37     186     0.02        
2015 11 21    28.6      7.2     30.2     34.6     3.4      14    196    29     162     0.02        
2015 11 22    39.2     12.6     29.3     33.7     6.4      22    190    39     121     0.04        
2015 11 23    42.2     26.3     31.0     33.7     5.5      17    296    56     166     0.03        
2015 11 24    43.1     28.7     31.5     33.8     7.6      22    129    21     150     0.04        
2015 11 25    35.7     20.2     31.8     34.4     9.2      22    341    50      21     0.02        
2015 11 26    20.8      9.6     31.6     33.7     8.2      19    350    18      76     0.02        
2015 11 27    26.6      4.5     28.4     32.6     5.4      15    212    32     174     0.03        
2015 11 28    36.6     13.7     28.0     32.0     5.0      16    207    26     174     0.04        
2015 11 29    39.6     14.7     28.6     31.6     3.5       9    168    18      98     0.03        
2015 11 30    36.6     29.4     31.0     31.9     5.3      22     80    36      59     0.03        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      44.8     27.0     38.1     40.0     7.1      21                  128                 
Totals                                                                                 1.21     (30
Max           66.4     48.6     47.4     47.0    17.8      43                  227     0.09     (30
Min           20.8      4.5     28.0     31.6     2.0       9                   21     0.00     (30
Std. Dev.     11.8     10.9      6.6      5.4     3.2       7                   69     0.03        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from December 1, 2015 to December 31, 2015
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2015 12  1    32.8     27.4     31.4     32.1     7.7      16     15    26      70     0.00        
2015 12  2    28.2     12.1     31.5     32.3     3.8      13    273    63     168     0.01        
2015 12  3    33.6     11.3     31.3     32.5     5.4      12    187    23     149     0.02        
2015 12  4    39.0     17.1     31.3     32.5    12.0      30    164    11     162     0.05        
2015 12  5    39.3     24.7     31.5     32.7     5.3      17    176    22      75     0.01        
2015 12  6    37.1     22.4     31.5     32.8     5.6      20    169    22     164     0.01        
2015 12  7    37.5     29.6     31.6     32.9     8.9      25    169    14     122     0.03        
2015 12  8    37.5     26.5     31.6     32.9     4.4      15    187    35      68     0.01        
2015 12  9    42.7     26.5     31.6     33.0     6.2      19    165    15     107     0.02        
2015 12 10    44.9     32.3     31.9     33.3     7.2      24    296    38     112     0.02        
2015 12 11    34.3     31.0     32.4     33.9     4.6      14     16    26      34     0.00        
2015 12 12    32.6     28.7     32.9     34.5     3.8      11    344    34      44     0.00        
2015 12 13    33.8     28.8     33.5     34.8     6.2      15      9    27      45     0.00        
2015 12 14    33.3     28.1     33.7     34.9    11.2      23     17    15      38     0.01        
2015 12 15    29.8     25.9     33.1     34.0     6.4      15     43    19      49     0.01        
2015 12 16    26.6     19.7     32.9     33.8    10.4      23    327    35      62     0.01        
2015 12 17    25.4     10.7     32.9     33.5    13.1      28    284    11      99     0.03        
2015 12 18    15.8      2.7     32.6     33.0     8.6      19    297    31     128     0.02        
2015 12 19    23.6      1.9     31.9     32.2     7.8      21    162    37      93     0.03        
2015 12 20    25.3     18.1     31.3     31.9     6.5      17    350    36      78     0.01        
2015 12 21    21.5     18.1     30.9     31.7     6.2      19    179    59      42     0.00        
2015 12 22    35.0     20.0     30.8     31.7    11.8      29    158    27      42     0.03        
2015 12 23    29.9     19.2     30.8     31.7     8.6      22    295    44      43     0.02        
2015 12 24    19.2     10.3     29.5     31.3     7.1      23    296    39     138     0.02        
2015 12 25    27.2     14.2     29.4     31.0     5.7      20     73    56      53     0.01        
2015 12 26    14.6     -3.2     27.6     30.4     9.4      22    359    23      84     0.02        
2015 12 27     6.7     -5.1     23.8     28.3     3.5      12    338    51     155     0.01        
2015 12 28    18.1     -0.4     23.2     27.3     4.7      21     82    52     112     0.01        
2015 12 29    19.1     14.2     25.9     28.3     5.6      13      5    24      67     0.01        
2015 12 30    17.9      3.1     26.4     28.4     2.6       9    291    20     138     0.01        
2015 12 31    18.8      1.3     25.7     27.7     7.2      17    271    28     118     0.02        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      28.4     16.7     30.5     32.0     7.0      19                   92                 
Totals                                                                                 0.46     (31
Max           44.9     32.3     33.7     34.9    13.1      30                  168     0.05     (31
Min            6.7     -5.1     23.2     27.3     2.6       9                   34     0.00     (31
Std. Dev.      9.2     11.1      2.8      2.1     2.7       5                   43     0.01        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from January 1, 2016 to January 31, 2016
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2016  1  1    25.9     13.3     26.6     28.1     8.0      18    271    39     160     0.02        
2016  1  2    29.3     16.3     26.5     28.0     8.2      18    291    45     160     0.03        
2016  1  3    26.7     12.5     27.5     28.6     4.5      19    296    50     163     0.01        
2016  1  4    26.1      8.3     25.3     27.4    11.8      30    166    12     145     0.03        
2016  1  5    27.3     15.5     26.0     27.6     9.3      29    161    19     119     0.02        
2016  1  6    28.7     25.5     28.2     28.9     5.3      12     69    15      39     0.00        
2016  1  7    28.1     18.6     29.2     29.5     4.7      12    356    30      79     0.00        
2016  1  8    19.0      1.3     29.1     29.6     9.1      21    346    17     101     0.02        
2016  1  9     2.2    -15.8     25.2     27.7     7.6      23    330    26     171     0.02        
2016  1 10    -2.2    -20.1     21.2     24.9     2.0       9    192    27     143     0.01        
2016  1 11     7.8    -11.7     19.9     24.0     6.9      22    297    62     103     0.02        
2016  1 12     1.1    -14.9     17.7     22.4     5.2      13    236    48     173     0.01        
2016  1 13    19.2      0.7     21.2     23.7     4.8      12    199    69     142     0.01        
2016  1 14    23.3     -2.3     24.8     25.8     6.7      21     13    30      69     0.02        
2016  1 15     2.2     -7.3     23.5     24.5     7.3      16    344    15     133     0.01        
2016  1 16    -5.8    -19.5     20.8     22.1     6.5      16    314    25     181     0.01        
2016  1 17    -3.6    -23.6     17.9     19.7     2.1       8    271    30     182     0.01        
2016  1 18     6.9     -3.6     19.7     20.9     2.6      10    123    53     135     0.01        
2016  1 19    11.9     -3.5     19.6     20.8     9.3      22    157    15      97     0.02        
2016  1 20    23.9     11.9     22.5     23.3     5.6      17    125    61      67     0.01        
2016  1 21    19.4      5.2     24.1     24.7     4.7      13    355    20     134     0.01        
2016  1 22    14.4     -3.5     21.8     23.6     6.5      27    174    29     177     0.02        
2016  1 23    31.3     12.0     22.6     24.3    12.6      27    175    14     136     0.04        
2016  1 24    33.6     20.0     25.9     26.0     6.1      17    357    21      82     0.01        
2016  1 25    25.3     19.3     26.3     26.5     8.0      18    340    15     125     0.01        
2016  1 26    25.9     17.7     26.8     26.9     5.7      14    307    55     131     0.02        
2016  1 27    38.9     17.1     28.4     28.1    14.9      33    257    48     156     0.05        
2016  1 28    35.8     18.5     30.9     29.7     8.0      24    348    56     106     0.03        
2016  1 29    38.2     24.6     28.9     28.9    10.7      27    183    36     104     0.03        
2016  1 30    38.0     25.6     30.7     29.9     5.8      16    245    17     106     0.02        
2016  1 31    35.2     18.5     29.1     28.7     2.4       9    282    44     205     0.01        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      20.5      5.7     24.8     26.0     6.9      18                  130                 
Totals                                                                                 0.54     (31
Max           38.9     25.6     30.9     29.9    14.9      33                  205     0.05     (31
Min           -5.8    -23.6     17.7     19.7     2.0       8                   39     0.00     (31
Std. Dev.     13.4     14.8      3.8      2.9     3.0       7                   39     0.01        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.
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FARGO NW Daily Observations from February 1, 2016 to February 29, 2016
North Dakota Agricultural Weather Network (NDAWN)

                               Avg      Avg      Avg     Max    Avg    Avg   Total                 
             Max      Min      Soil     Turf    Wind    Wind    Wind  Wind   Solar   Total    Rain-
Year Mo Da   Temp     Temp     Temp     Temp     Spd     Spd    Dir   DirSD   Rad     PET     fall 
             (F)      (F)      (F)      (F)     (MPH)   (MPH)  (deg)  (deg)  (Lys)   (inch)  (inch)
---------- -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
2016  2  1    36.5     19.5     29.5     28.6     2.4       9    152    69     190     0.02        
2016  2  2    29.9     17.1     29.1     28.8     6.9      21     10    34      36     0.02        
2016  2  3    24.4      9.3     25.4     27.2     6.0      18    316    62     210     0.03        
2016  2  4    23.7     14.3     26.7     27.5     4.9      13    300    65     170     0.02        
2016  2  5    30.0     14.3     26.3     27.1     6.4      17    181    38     204     0.03        
2016  2  6    39.8     19.1     27.2     27.4     9.1      24    194    29     136     0.05        
2016  2  7    38.4     13.0     29.8     29.6    16.9      36    315    31      47     0.06        
2016  2  8    15.2      7.0     22.9     26.9    14.5      32    350    19     193     0.03        
2016  2  9    13.2      2.6     18.6     24.5     6.9      16    357    25     118     0.02        
2016  2 10    14.4      2.6     19.2     23.9     4.6      13     50    40     187     0.02        
2016  2 11    15.2     -0.5     20.1     23.9     2.8      12    317    53     142     0.02        
2016  2 12    11.3     -8.5     16.7     22.2     7.6      20    345    22     274     0.03        
2016  2 13    13.7     -9.2     13.3     19.6     9.9      27    151    19     204     0.04        
2016  2 14    23.3     11.9     18.6     21.7    11.4      28    167    15      73     0.03        
2016  2 15    36.4     20.1     23.1     24.5     4.9      14    188    56     258     0.03        
2016  2 16    30.0     16.9     25.6     26.5     6.8      17     22    18     133     0.03        
2016  2 17    29.0     17.2     25.5     26.3     9.2      25    153    23     137     0.05        
2016  2 18    38.2     28.7     29.1     28.4    15.3      32    149    13     156     0.05        
2016  2 19    47.3     33.6     31.3     30.2     9.3      27    275    49     180     0.05        
2016  2 20    37.9     24.9     31.7     30.8     7.7      21    344    43     116     0.03        
2016  2 21    25.0     18.8     31.7     30.6     6.4      17    358    29     144     0.03        
2016  2 22    35.1     21.0     31.7     29.3     7.9      19    183    15     160     0.04        
2016  2 23    34.3     27.5     31.7     30.4     6.1      18    328    58      80     0.02        
2016  2 24    35.4     20.5     31.6     30.1     4.7      18    344    71     225     0.03        
2016  2 25    28.5     25.2     31.6     30.5     7.0      19    342    38     108     0.03        
2016  2 26    47.2     23.3     31.3     29.8     8.1      19    222    30     305     0.09        
2016  2 27    55.1     32.0     31.6     30.9     5.5      15    248    64     313     0.09        
2016  2 28    36.7     22.1     31.8     31.2    10.4      23    314    51     150     0.04        
2016  2 29    38.1      2.2     30.9     29.5    12.3      35      8    19     297     0.11        
========== -------- -------- -------- -------- ------- ------- ------ ----- ------- -------- ------
Averages      30.5     15.4     26.7     27.5     8.0      21                  171                 
Totals                                                                                 1.14     (29
Max           55.1     33.6     31.8     31.2    16.9      36                  313     0.11     (29
Min           11.3     -9.2     13.3     19.6     2.4       9                   36     0.02     (29
Std. Dev.     11.2     11.0      5.4      3.1     3.5       7                   73     0.02        

E = estimated value
M = missing value
The number of missing values is indicated in parentheses.

NDAWN Monthly Report https://ndawn.ndsu.nodak.edu/get-monthly-report.html?quick_pick=24_m...
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ABSTRACT
It is a common practice in the midwestern United States
to raise swine in buildings with under-floor slurry storage
systems designed to store manure for up to one year.
These so-called “deep-pit” systems are a concentrated
source for the emissions of ammonia (NH3), hydrogen
sulfide (H2S), and odors. As part of a larger six-state re-
search effort (U.S. Department of Agriculture-Initiative for
Future Agriculture and Food Systems Project, “Aerial Pol-
lutant Emissions from Confined Animal Buildings”), real-
time NH3 and H2S with incremental odor emission data
were collected for two annual slurry removal events. For
this study, two 1000-head deep-pit swine finishing facili-
ties in central Iowa were monitored with one-year storage
of slurry maintained in a 2.4 m-deep concrete pit (or
holding tank) below the animal-occupied zone. Results
show that the H2S emission, measured during four inde-
pendent slurry removal events over two years, increased
by an average of 61.9 times relative to the before-removal

H2S emission levels. This increase persisted during the
agitation process of the slurry that on average occurred
over an 8-hr time period. At the conclusion of slurry
agitation, the H2S emission decreased by an average of
10.4 times the before-removal emission level. NH3 emis-
sion during agitation increased by an average of 4.6 times
the before-removal emission level and increased by an
average of 1.5 times the before-removal emission level
after slurry removal was completed. Odor emission in-
creased by a factor of 3.4 times the before-removal odor
emission level and decreased after the slurry-removal
event by a factor of 5.6 times the before-removal emission
level. The results indicate that maintaining an adequate
barn ventilation rate regardless of animal comfort de-
mand is essential to keeping gas levels inside the barn
below hazardous levels.

INTRODUCTION
Many swine raised (reared from 7 or 18 kg to 120 kg) in
the midwestern U.S. are grown in structures where year-
long storage of manure is present below the occupied
zone of the animals. These so-called “deep-pit” systems
represent a concentrated source of nutrients that once
applied judiciously to the soil provide an excellent source
of fertilizer. The standard method for manure removal
from buildings using deep-pit manure storage is to pro-
vide significant mixing of the slurry before and during
slurry removal to suspend solids and to provide a consis-
tent liquid manure fertilizer. This process commonly
takes place in the fall after crops have been removed or in
early spring before planting begins and generally takes

IMPLICATIONS
Deep-pit slurry removal events lead to elevated H2S, odor,
and NH3 concentrations inside the pig building and emis-
sions from this facility. H2S is the gas of most concern and
can reach levels dangerous to animals and workers. These
results highlight the need for a preplanned protocol that
must be established for barn ventilation rate maintenance
to ensure that H2S concentrations do not reach lethal
levels.
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from one to three 8-hr work days per 1000-pig building
depending upon off-site hauling capacities. This process
of slurry removal can represent an acute concentrated
emission source for gases and odors. Removal of slurry
involves the in situ mixing and agitation of the manure
and subsequent application to the field. Significant prob-
lems can arise during this process if proper ventilation
procedures are not followed. Turbulent activity of the
slurry surface can result in very rapid release of odors,
ammonia (NH3), and hydrogen sulfide (H2S), the latter of
which has been linked to several animal and human
casualties. Nuisance complaints related to swine produc-
tion are generally highest during slurry removal and sub-
sequent land application. The objective of this paper is to
report on the emission of NH3, H2S, and odors before,
during, and after slurry removal from two identical deep-
pit swine finishing facilities located in the midwestern
part of the United States over two annual slurry removal
events.

Swine Housing NH3 Emissions
Several U.S. and northern European studies have investi-
gated the emission of gases from livestock and poultry
production systems. Typically, the gases investigated in-
clude NH3, H2S, and the general class of volatile organic
compounds associated with livestock odors.1 Recently,
the need to study the concentrations of these gases in the
community surrounding livestock and poultry operations
has surfaced because of increasing pressure from regulatory
agencies. The following literature review focuses on the
emissions from swine housing. A more complete review of
the literature on emissions can be found in Hoff et al.2

Aarnink et al.3 studied the NH3 emission patterns of
nursery and finishing pigs raised on partially slatted floor-
ing. They found that for nursery pigs, an average increase
of 16 mg NH3 pig�1 day�1 was measured, and this in-
creased to 85 mg NH3 pig�1 day�1 (4.8 mg NH3 m�2 hr�1)
for finishing pigs. The overall average NH3 emission mea-
sured was between 0.70 and 1.20 g NH3 pig�1 day�1 for
nursery pigs (19–33 g NH3 animal unit [AU]�1 day�1; 1
AU � 500 kg) and between 5.7 and 5.9 g NH3 pig�1 day�1

(331 mg NH3 m�2 hr�1) for finishing pigs (42–43 g NH3

AU�1 day�1). They found an increase in NH3 emission
during the summer months for nursery pigs attributed to
higher ventilation rates but this same trend was not found
for finishing pigs. They also found that removing the
under-floor stored slurry reduced the NH3 emission by
�20% for a period of 10 hr, after which time the NH3

emission regained the pre-removal emission level.
Demmers et al.4 investigated the exhausted concen-

trations and emission rates of NH3 from mechanically
ventilated swine buildings. They reported NH3 concentra-
tions in a swine finishing house between 12 and 30 mg
NH3 m�3 with an average NH3 emission rate of 46.9 kg
NH3 AU�1 yr�1 (160 g NH3 AU�1 day�1 or 1008 mg NH3

m�2 hr�1).
Burton and Beauchamp5 studied the relationship be-

tween outside temperature, ventilation system response,
in-house NH3 concentration, and the resulting emission
of NH3 from the swine housing unit. They clearly showed
the inverse relationship of in-house NH3 concentration
with outside temperature and the direct relationship of

NH3 emission from the swine housing unit with outside
temperature. This trend was attributed to the increased
ventilation rates required during the summer to control
inside climate temperatures for the housed animals. They
summarized results over a 1-yr period and reported the
monthly averages. February had the highest in-house
concentration at 15 mg NH3-N L�1 corresponding to the
lowest emission rate at 0.9 kg NH3-N day�1. August had
the lowest in-house concentration of 4 mg NH3-N L�1

and, correspondingly, the highest emission rate of 3.2 kg
NH3-N day�1, on average.

Ni et al.6 investigated the exhausted concentrations
and emission rates of NH3 in and from a deep-pit swine
finishing building with and without the presence of ani-
mals and with pits that were roughly half full (1.3 m
manure depth; 2.4 m depth capacity). They investigated
the gas release rates with and without the effect of heating
the building through unit space heaters. Without the
presence of animals, they measured NH3 concentrations
between 6 and 15 ppm with emission rates between 40
and 58 mg NH3 m�2 hr�1 (5–8 g NH3 AU�1 day�1). When
the buildings were restocked with pigs, exhaust air con-
centrations of NH3 were, on average, 15.2 ppm with cor-
responding emission rates of 233 mg NH3 m�2 hr�1

(40–50 g NH3 AU�1 day�1).
Groot Koerkamp et al.7 conducted an extensive study

of NH3 emissions from swine housing facilities. They in-
vestigated both indoor NH3 levels and simultaneous mea-
surements of building ventilation rates and reported the
resulting emission rates. In general, NH3 concentrations
varied between 5 and 18 ppm, with average emission rates
between 649 and 3751 mg NH3 AU�1 hr�1 (16–90 g NH3

AU�1 day�1 or between 122–706 mg NH3 m�2 hr�1).
Hinz and Linke8 investigated the indoor concentrations

and emissions of NH3 from a mechanically ventilated swine
finishing facility during a grow-out period where pigs
ranged between 25 and 100 kg. Interior NH3 concentrations
during the grow-out varied from 10 to 35 ppm, and these
were inversely proportional to outside temperature. Emis-
sion rate of NH3 varied from 70 g NH3 pig�1 hr�1 (38 kg
average pig wt) to 210 g NH3 pig�1 hr�1 (83 kg average pig
wt) resulting in an average NH3 emission rate of 66 g NH3

AU�1 day�1 (518 mg NH3 m�2 hr�1).
Zahn et al.9 studied the NH3 emission rate from both

deep-pit and pull-plug swine finishing facilities during sum-
mer periods. They found that the NH3 emission rates were
very similar for these two facility types and grouped the
emission data into an overall average of 66 ng NH3 cm�2

sec�1 (311 g NH3 AU�1 day�1 or 2376 mg NH3 m�2 hr�1).
Zhu et al.10 studied the daily variations in NH3 emis-

sions from various mechanically and naturally ventilated
swine housing systems. For a mechanically ventilated
swine gestation facility, they measured internal NH3 con-
centrations between 9 and 15 ppm, with emission rates
consistent at �5 �g NH3 m�2 sec�1 (2.2 g NH3 AU�1

day�1). For a mechanically ventilated farrowing facility,
they measured internal NH3 concentrations between 3
and 5 ppm, with emission rates ranging between 20 and
55 �g NH3 m�2 sec�1 (15–42 g NH3 AU�1 day�1). For a
mechanically ventilated nursery facility, they measured
internal NH3 concentrations between 2 and 5 ppm, with
emission rates ranging between 20 and 140 �g NH3 m�2

Hoff et al.
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sec�1 (23–160 g NH3 AU�1 day�1). For a mechanically
ventilated finishing facility, they measured internal NH3

concentrations between 4 and 8 ppm, with emission rates
ranging between 20 and 55 �g NH3 m�2 sec�1 (10–26 g
NH3 AU�1 day�1 or between 72–198 mg NH3 m�2 hr�1).
For a naturally ventilated finishing facility with pit ex-
haust fans, they measured internal NH3 concentrations
between 7 and 15 ppm, with emission rates ranging be-
tween 60 and 170 �g NH3 m�2 sec�1 (28–80 g NH3 AU�1

day�1 or between 216–612 mg NH3 m�2 hr�1).
Osada et al.11 investigated the NH3 emission from a

swine finisher over an 8-week period comparing under-
floor stored manure (control) and under-floor manure
removed weekly (treatment). They reported only slight
differences in NH3 emission rates with the control at 11.8
kg NH3 AU�1 yr�1 (32 g NH3 AU�1 day�1 or 255 mg NH3

m�2 hr�1) and the treatment at 11 kg NH3 AU�1 yr�1 (30
g NH3 AU�1 day�1).

Swine Housing H2S Emissions
Ni et al.6 investigated the exhausted concentrations and
emission rates of H2S in a deep-pit swine finishing build-
ing with and without the presence of animals and with
pits that were roughly half full (1.3-m depth, 2.4-m depth
capacity). They investigated the gas release rates with and
without the effect of heating the building through unit
space heaters. They measured H2S concentrations ranging
from 221 to 1492 ppb with corresponding emission rates
between 1.6 and 3.8 mg H2S m�2 hr�1 (0.22–0.49 g H2S
AU�1 day�1). When the buildings were restocked with
pigs, exhaust air concentration of H2S averaged 423 ppb
with a corresponding emission rate of 9.4 mg H2S m�2

hr�1 (1.25 g H2S AU�1 day�1).
Zahn et al.9 studied the H2S emission rate from both

deep-pit and pull-plug swine finishing facilities during sum-
mer periods. They found that the H2S emission rates were
very similar for these two facility types and grouped the
emission data into an overall average of 0.37 ng H2S cm�2

sec�1 (1.7 g H2S AU�1 day�1 or 13.3 mg H2S m�2 hr�1).
Zhu et al.10 studied the daily variations in H2S emis-

sions from various mechanically and naturally ventilated
swine housing systems. For a mechanically ventilated
swine gestation facility, they measured internal H2S con-
centrations between 500 and 1200 ppb, with emission
rates consistent at �2 �g H2S m�2 sec�1 (1 g H2S AU�1

day�1). For a mechanically ventilated farrowing facility,
they measured internal H2S concentrations between 200
and 500 ppb, with emission rates consistent at �5 �g H2S
m�2 sec�1 (4 g H2S AU�1 day�1). For a mechanically
ventilated nursery facility, they measured internal H2S
concentrations between 700 and 3400 ppb, with emission
rates ranging between 20 and 140 �g H2S m�2 sec�1

(23–160 g H2S AU�1 day�1). For a mechanically ventilated
finishing facility, they measured internal H2S concentra-
tions between 300 and 600 ppb, with emission rates consis-
tent at �10 �g H2S m�2 sec�1 (5 g H2S AU�1 day�1 or 36 mg
H2S m�2 hr�1). For a naturally ventilated finishing facility
with pit exhaust fans, they measured internal H2S con-
centrations between 200 and 400 ppb, with emission rates
ranging between 5 and 15 �g H2S m�2 sec�1 (2 and 7 g
H2S AU�1 day�1 or between 18 and 54 mg H2S m�2 hr�1).

Summary
A large variation in both NH3 and H2S emission rates from
various swine production buildings has been reported.
Considering the literature cited, the range of H2S emis-
sions expected for finishing pigs is between 1.6 and 54 mg
H2S m�2 hr�1 from the exhaust ventilation air for swine
finishing pigs. The range of NH3 emissions expected is
between 4.8 and 2376 mg NH3 m�2 hr�1 from the venti-
lation air for swine finishing pigs, with the dominating
average emission rates in the 300 to 500 mg NH3 m�2

hr�1 range. The study by Hinz and Linke8 also pointed
out the changes in emission rates expected as finishing
pigs mature, with a reported three-fold increase between
38- and 83-kg average body weight.

FACILITY DESCRIPTION
Two identical deep-pit swine finishing facilities in central
Iowa were monitored for this research project; this ar-
rangement represents one of six U.S. sites monitored for a
larger six-state emissions study funded by the U.S. Depart-
ment of Agriculture under the Initiative for Future Agri-
culture and Food Systems program.12,13 Each facility mon-
itored, as shown in Figure 1, was designed to house 1000
pigs ranging in weight between �18 and 120 kg. Slurry
was stored in a 2.4-m-deep holding concrete basin below
a fully slatted concrete floor and was designed to store ma-
nure for one calendar year. Slurry removal and land appli-
cation was conducted once per year in the fall (October).

Each barn was fan-ventilated for all seasons using a
combination of methods. The cold-to-mild weather ven-
tilation was handled with a series of pit (Fans 1, 2), side
(Fan 3), and end wall (or tunnel) fans (Fans 4, 5; Figure 1)
in combination with a series of 10 rectangular center-
ceiling inlets to distribute fresh air within the building.
Figure 1 shows the center-ceiling inlet placement and the
approximate airflow patterns desired from these inlets.
The warm-to-hot weather ventilation was handled with
tunnel ventilation, where all fans except Fan 3 were used
in combination with an adjustable curtain at the oppos-
ing end wall. During this tunnel mode of ventilation, the
10 center-ceiling inlets inside the barn were closed. The
barn was controlled for temperature by operation of the
end wall exhaust fans and the inlet distribution system
controlled via static pressure. As barn temperature de-
manded airflow rate changes, the inlet distribution sys-
tem would adjust accordingly to maintain a desired oper-
ating static pressure of 20 Pa.

The layout given in Figure 1 includes a mobile emis-
sion laboratory (MEL) that housed all instrumentation
required to measure gas concentrations and pertinent en-
vironmental data and to monitor the barn ventilation
rate. NH3 (Model 17C chemiluminescence; TEI, Inc.), H2S
(Model 45C pulsed fluorescence; TEI, Inc.), and CO2

(Model 3600 IR, MSA, Inc.) were measured at 12 locations:
six from Barn 1 and six from Barn 2. A solenoid switching
system enabled gas samples to be delivered to each ana-
lyzer simultaneously in 10-min switching increments.
Therefore, each location was measured for 10 min every
120 min. The gas concentration measurement at the con-
clusion of each 10-min sampling interval was used to
represent the concentration at that sampling location for
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the prior 120 min. This enabled a continuous concentra-
tion profile at each sampling location that was used along
with continuous airflow data to generate a continuous
emissions profile. The analyzers were calibrated before
each pump-out event with U.S. Environmental Protection
Agency (EPA)-protocol calibration gases. Environmental
variables such as temperature, relative humidity, static
pressure, and end wall curtain opening level were also
measured. Ventilation rate was measured by recording the
on/off status of all single-speed fans (Fans 5, 6, 7, 8; Figure
1) and the on/off status along with fan rpm levels for all
variable speed fans (Fans 1, 2, 3, 4). Individual fan airflow
rates were measured in situ using a FANS unit described in
Casey et al.14 The FANS unit was a device that fit on the
intake side of all fans and integrated air velocity across the
intake area of the fan with five calibrated anemometers.
Airflow rates were measured for a range of expected oper-
ating static pressures and fan rpm levels from which a fan

calibration equation was developed. By knowing fan sta-
tus and/or fan rpm level and the current operating static
pressure, fan airflow rate could be determined. Specific
details related to the MEL setup and quality assurance/
quality control procedures can be found in Heber et al.13

and Jacobson et al.15

For emission calculations, the exhausted airflow rate
along with the corresponding gas concentration at each
emission point was measured. For the barns shown in Figure
1, three emission locations were monitored: the blended pit
ventilation air from Fans 1 and 2, the emission at the side-
wall Fan 3, and the emission from the combination of Fans
4 to 8 (tunnel end). Concentrations from the other three
sampling points were also monitored, but these were not
included in the emission calculations. Emission rates were
calculated as

E � ��QoCo � QiCi� � ��Q�oC�o � Q�iC�i� (1)

Figure 1. Layout of buildings monitored for this study. Entire site consists of four identical buildings. The monitored buildings shown represent
the two center barns of the site. Two pit fans (1,2), one sidewall fan (3), and five end wall tunnel fans (4,5,6,7,8) were present, representing four
possible emission zones.
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where Ci is mass concentration at the barn air inlet, mg
m�3 or �g m�3; E is barn emission rate, mg sec�1 or �g
sec�1; Co is mass concentration at the barn air exhaust,
mg m�3 or �g m�3; Ci� is standardized mass concentra-
tion at the barn air inlet (based on standard conditions of
temperature and pressure [STP]), mg (sm)�3 or �g (sm)�3;
Co� is standardized mass concentration at the barn ex-
haust (based on STP), mg (sm)�3 or �g (sm)�3; Qo is barn
outlet moist airflow rate at To, m3 sec�1; Qi is barn inlet
moist airflow rate at Ti, m3 sec�1; Qi� is moist standard
ventilation rate at the barn inlet (based on STP), sm3

sec�1; and Qo� is moist standard ventilation rate at barn
exhaust (based on STP), sm3 sec�1.

The background concentrations were measured also
with one of the sampling locations from a total of six for
each monitored barn. The background sampling location
was measured within 0.5 m of the end of each barn as shown
in Figure 1. The STPs used were 20 °C and 101,325 Pa.

Odor data were also collected for this research project
on 2-week intervals. However, during slurry agitation and
manure removal, frequent gas samples were collected be-
fore, during, and after slurry removal to assess odor con-
centration and odor emission rate. Odor samples were
collected in 10-L Tedlar bags using a vacuum chamber
(Model Vac-U-Camber; SKC, Inc.) with a vacuum pump
(Model 224–44XR; SKC, Inc.) at a sample flow rate of 3 L
min�1. Odor samples were analyzed within 18 hr using a
dynamic dilution forced-choice olfactometer (Model
AC’SCENT; St. Croix Sensory, Inc.) at the Iowa State Uni-
versity Olfactometry Laboratory.

Table 1 outlines the scheduled slurry removal events
for the years 2002 and 2003. The results given in this
paper involve the emissions measured for the 24 hr sur-
rounding these slurry removal events. The producer fol-
lowed a strict protocol before starting each slurry removal
event. Before the slurry was agitated, the producer would
manually override the ventilation control system by es-
tablishing an airflow rate close to 30 fresh-air changes per
hour, open all 10 center-ceiling inlet diffusers, and make
sure that the end wall curtain used for tunnel ventilation
was closed. After these adjustments were made, usually
more than 1 hr before agitation, the barn was deemed
ready for agitation and slurry removal. The ventilation
system was then left alone in manual mode throughout
the entire slurry removal event, and no one was allowed
in the barn during the slurry removal event. Each slurry
removal event for a barn took 6.25–8.5 hr as shown in
Table 1.

RESULTS AND DISCUSSION
The results presented summarize the H2S, NH3, and odor
emissions before, during, and after slurry was removed
from Barns 1 and 2. The results are intended to charac-
terize the emission changes that occur during and after
slurry removal and the potential concentrations reached
in the barn during slurry removal.

Table 2 shows the average H2S concentration (ppb)
before the slurry was agitated, the maximum H2S concen-
tration during slurry removal, and the average concentra-
tion after the slurry was removed from each barn for the
2 yr reported. Table 2 summarizes the concentrations
associated with each of the three possible emission points
(pit, sidewall, and tunnel fans). The averages recorded in
Table 2 were for the 6 hr either before or after slurry was
removed from the barn.

The overall maximum H2S concentration reached
35,825 ppb for Barn 2, at the pit exhaust fan location
during the 2003 removal event. On average, the H2S con-
centration measured at the pit fan exhaust location
reached a level that was 18 times higher during agitation
as compared with the before-removal level. For the side-
wall and tunnel fan exhaust locations, the average H2S
concentration was 27.7 times higher during slurry re-
moval compared with the before-removal concentration.

The characteristics of an emission event experienced
during slurry removal are shown in Figure 2. Figure 2a
shows the barn temperature, outside temperature, and
total barn airflow rate, and Figure 2b shows the total barn
H2S emission rate (mg H2S m�2 hr�1) and the associated
total barn airflow rate (m3 hr�1) for Barn 1 during the
2003 removal event. As shown in Table 1, this barn was
emptied over a two-day period and the multiple elevated
emission events are clearly evident. The ambient temper-
ature ranged from a high/low of 23 and 8 °C for October
21, 2003, and a high/low of 24 and 3 °C for October 22,
2003, respectively. The producer routinely bypassed the
barn’s automatic control system during a slurry removal
event to ensure an adequate ventilation rate for the barn

Table 1. Slurry removal scheduling.

Year Barn Date Started Date Ended Time Start Time End

2002 1 October 16 October 16 11:45 18:00
2 October 18 October 18 10:00 17:00

2003 1a October 21 October 21 18:00 22:00
October 22 October 22 09:30 14:00

2 October 20 October 20 10:00 18:30

aBarn 1 in 2003 emptied in two separate events over a two-day period.

Table 2. H2S concentration (ppb) before, during, and after slurry removal.

Year Barn Before Max During After Date Location

2002 1 272 9990a 79 October 16, 2002 pit
592 9833 197 October 16, 2002 sidewall
473 9990a 186 October 16, 2002 tunnel

2 1084 5455 31 October 18, 2002 pit
1775 11,990 43 October 18, 2002 sidewall
857 15,918 30 October 18, 2002 tunnel

2003 1b 397 850 467 October 21, 2003 pit
467 22,245 69 October 22, 2003 pit
336 3128 678 October 21, 2003 sidewall
678 12,011 71 October 22, 2003 sidewall
337 11,957 148 October 21, 2003 tunnel
148 16,378 71 October 22, 2003 tunnel

2 2067 35,825 93 October 20, 2003 pit
460 7840 55 October 20, 2003 sidewall

1360 8075 69 October 20, 2003 tunnel

aExceeded maximum set range of analyzer, which was 10,000 ppb. Analyzer
subsequently changed to a range of 50,000 ppb; bBarn slurry emptied over
two days; after on October 21, 2003, the same as before on October 23,
2003.
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by manually turning on selected tunnel fans. The elevated
ventilation rate initiated by the producer surrounding
both slurry removal events is clearly evident in Figure 2.
The elevated H2S emission rate is clearly evident and
dramatic. The emission shown was in direct correlation
with slurry agitation, resulting in an elevated H2S emis-
sion rate after the slurry was agitated and fell quickly once
slurry agitation stopped. Observing the H2S analyzer once
agitation began showed a definite elevated concentration
within minutes after the agitator was started. Figure 3
shows the characteristic H2S emission for a slurry removal
event that occurred over one continuous agitation and
removal period. The manual override on the ventilation
system resulted in a barn ventilation rate that increased
from 13,200 m3 hr�1 to an average of 56,000 m3 hr�1. The

barn, running in automatic control, would have venti-
lated the space at �13,200 m3 hr�1 or 6.5 fresh-air
changes per hr. With the producer’s manual override of
the ventilation system, the barn was allowed to ventilate
at 56,000 m3 hr�1 or 27.9 fresh-air changes per hr. This
characteristic points out the need for the establishment of
a ventilation protocol before considering the agitation of
slurry, regardless of the depth of slurry in the holding pit.
The producer’s protocol resulted in no loss of pig life for
any of the pit agitation procedures studied with this re-
search project.

The H2S and NH3 emissions for the four slurry re-
moval events are summarized in Table 3. The before and
after averages were determined by the 24-hr period before
the barn was agitated and the 24-hr period after the slurry

Figure 2. (a) Barn temperature, outside temperature, airflow rate, and (b) H2S emission before, during, and after a slurry removal event (Barn
1, October 2003, removal event).
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was removed from the barn. As shown in Table 3, a very
large variation in H2S emission rates existed before, dur-
ing, and after slurry removal. The absolute maximum H2S
emission rate measured for the four events was 1,739 mg
H2S m�2 hr�1. The average H2S emission rate for the four
slurry removal events was 1,528 	 201 mg H2S m�2 hr�1.
The average before and after H2S emission rate for the four
slurry removal events was 35.1 	 26 mg H2S m�2 hr�1

and 3.8 	 1.9 mg H2S m�2 hr�1, respectively. If one
considers the period of time from just before slurry agita-
tion to the time just after all of the manure was removed
from the barn, the cumulative H2S emission measured for
the case shown in Figure 2b was 5.5-kg H2S and that
shown in Figure 3b was 5.7-kg H2S. The average NH3

emission rate for the four slurry removal events was

1,836 	 708 mg NH3 m�2 hr�1. The average before and
after NH3 emission rate for the four slurry removal events
was 441 	 251 mg NH3 m�2 hr�1 and 639 	 369 mg NH3

m�2 hr�1, respectively. Consistently, the after-removal
NH3 emission rate was higher than the before-removal
level. A typical NH3 emission event is shown in Figure 4
for the single continuous slurry removal event shown in
Figure 3.

Odor data were collected for this research project at
2-week intervals. However, during the slurry removal
event for Barn 2 in 2003, a more detailed odor evalua-
tion procedure was conducted to capture the odor emit-
ted during slurry agitation and manure removal. Odor
data for Barn 1 during slurry removal were not col-
lected. Table 4 and Figure 5 summarize the measured

Figure 3. (a) Barn temperature, outside temperature, airflow rate, and (b) H2S emission before, during, and after a slurry removal event (Barn
2, October 2002, removal event).
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results. The increase in odor concentration, mgasurgd
in odor units (OU) defined as the fesh-air dilution-to-
detection (OU m�3) during slurry removal was 4.3 and
2.1 times higher for the pit and tunnel fan exhaust
locations, respectively, compared with the before-re-
moval levels. The after-removal odor concentration was
1.3 and 3 times lower than the before-removal levels.
The maximum odor strength during slurry removal
reached 9,625 OU m�3 and 8,228 OU m�3 for the pit
and tunnel exhaust locations, respectively. During

slurry agitation, the odor emission rate (OU m�2 sec�1)
had maximum levels of 22.2 and 130.6 OU m�2 sec�1

for the pit and tunnel exhaust fan locations, respec-
tively. The odor concentration measurements indicated
that the pit and tunnel exhaust points were relatively
similar before, during, and after slurry removal. How-
ever, the odor emission was 5.3 times higher from the
tunnel exhaust point than the pit exhaust point be-
cause of the higher airflow rate from the tunnel exhaust
fans during slurry removal.

Table 3. Measured emission levels for H2S and NH3 in mg m�2 hr�1.a

H2S Emissions, mg H2S m�2 hr�1 Literature ranges (see text) mg m�2 hr�1 1.6–54
Year Barn Before Max During After
2002 1 13.5 (10.5) 1389.4 3.6 (6.4)

2 25.6 (15.1) 1739.1 1.3 (0.8)
2003 1 28.3 (32.5) 1655.9 4.3 (2.1)

2 72.9 (35.5) 1326.2 6.0 (3.1)
NH3 Emissions, mg NH3 m�2 hr�1 Literature ranges (see text) mg m�2 hr�1 4.8–2376
Year Barn Before Max During After
2002 1 264.4 (105.0) 1173.5 324.7 (185.3)

2 219.3 (62.5) 1329.3 390.8 (189.5)
2003 1 516.9 (145.3) 2225.0 708.8 (368.6) Most commonly reported ranges (mg m�2 hr�1) 300–500

2 761.0 (384.6) 2614.7 1129.8 (468.7)

Notes: aBoth barns had a floor area of 747 m2. Barn 1 had 58,900 kg of pigs, and Barn 2 had 52,500 kg for year 2002 during slurry removal. Barn 1 had 103,530
kg of pigs, and Barn 2 had 83,250 kg for year 2003 during slurry removal. Standard deviation shown in parenthesis.

Figure 4. Barn airflow rate and NH3 emission before, during, and after a slurry removal event (Barn 2, October 2002, removal event).

Table 4. Odor strength (OU m�3) and odor emission rate (OU m�2 s) measured for the pit and tunnel exhaust locations before, during, and after slurry
removal. Barn 2 for the 2003 slurry removal event shown.

Odor Strength (OU m�3) Odor Emission Rate (OU m�2 s)

Location Before During After Before During After

Pit 1632 (590) 7022 (1215) 
9625� 1258 (513) 3.8 (1.4) 16.2 (2.8) 
22.2� 2.9 (1.2)
— {1.7 m3 sec�1} {1.7 m3 sec�1} {1.7 m3 sec�1}
Tunnel 2611 (468) 5430 (1237) 
8228� 868 (622) 26.7 (7.3) 86.2 (19.6) 
130.6� 2.5 (1.6)
— {7.6 m3 sec�1} {11.9 m3 sec�1} {2.3 m3 sec�1}

Notes: The average and standard deviation (in parentheses) shown along with the maximum (in brackets) during slurry removal. The average airflow rate (in {})
is also shown for the measurements before, during, and after slurry removal. These are shown below each odor strength measurement.
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CONCLUSIONS

The emission of H2S, NH3, and odor before, during, and
after slurry removal events from two deep-pit swine fin-
ishing facilities indicated large increases in concentra-
tions and emission rates during slurry removal, with odor
and H2S emissions lowering to levels well below the pre-
removal rates. Although at times the pit exhaust concen-
trations can be much higher than from non-pit fans, the
emission of H2S, NH3, and odor from the pit fans is
substantially lower than the predominant tunnel fans
because of the large differences in ventilation rate capac-
ities when tunnel fans are active. A slurry removal event
will result in an acute exposure event for the animals and
workers. A protocol establishing a minimum ventilation
rate should be established before agitation begins, and all
workers should remain outside the facility during agita-
tion. For this research project, the operator established a
fixed and minimum ventilation rate of �27 fresh-air
changes per hour with the resulting inside H2S concen-
tration levels well below lethal levels.
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NATURAL RESOURCES CONSERVATION SERVICE 

CONSERVATION PRACTICE STANDARD 

AIR FILTRATION AND SCRUBBING 

(No.) 

Code 371 
 

I. DEFINITION  

A device or system for reducing emissions of air 
contaminants from a structure via interception 
and/or collection. 

II. PURPOSE 

To control gaseous and particulate air emissions 
from ventilated structures by inertial collection, 
filtration, electrostatic collection, adsorption, 
scrubbing, and/or bioremoval.  Specifically, this 
practice standard can be used to reduce emissions 
of the following air contaminants that contribute 
to air quality resource concerns: 

• Direct emissions of particulate matter 

• Volatile organic compounds (VOCs) 

• Ammonia 

• Odorous sulfur compounds 

• Methane 

III. CONDITIONS WHERE PRACTICE APPLIES 

This practice applies to any agricultural operation 
that includes a naturally or mechanically 
ventilated structure from which the air 
contaminants identified in the Purpose section 
above may be emitted: 

IV. CRITERIA 

A. GENERAL CRITERIA APPLICABLE TO 
ALL PURPOSES 

1. Design the device or system to remove 
air contaminants from a structure via 
inertial impaction, direct interception, 
electrostatic attraction, absorption, or 
adsorption and meet the minimum 
design and operational requirements for 
the type of device or system specified. 

2. Base the design of devices or systems on 
demonstrated performance for 
agricultural production or similar 
applications.  Sources of independent 
verifiable data for demonstrating device 
or system performance may include 
universities; local, state, or federal 
agencies; other independent research 
organizations; a manufacturer’s 
guarantee based on manufacturer 
literature and research results; 
generally-accepted good engineering 
practices; and/or actual operating 
experience. 

3. Follow the requirements of the National 
Electrical Code based on the location and 
type of installation for all electrical 
components, including wiring, boxes, 
connectors, etc.  Local electrical 
requirements may exceed those set by 
NEC. 

4. Ventilation  

a. For mechanically ventilated 
structures, all concentrated airflows 
will not necessarily need to be treated.  
Apply the device or system only to 
those concentrated airflow(s) that are 
identified for treatment in order to 
accomplish the intended goal(s) of the 
device or system. 

b. Size the device or system to treat the 
maximum ventilation rate of the 
concentrated airflow(s) to be treated. 

c. Base ventilation rates on industry 
standards for ventilated structure 
design or good engineering design 
principles.  Maintain the minimum 
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required ventilation rates after the 
addition of the device or system. 

5. Fans   

a. Base fan evaluation and/or selection 
on the ability to provide the 
required ventilation rate for the sum 
of the maximum expected pressure 
drop through the ventilated 
structure and the control device and 
on the ability to meet the range of 
ventilation rates needed.  The ability 
to provide the required ventilation 
rate can be based on performance 
characteristics developed by a 
recognized independent testing 
laboratory or a manufacturer’s 
guarantee  

b. Base fan selection also on the 
anticipated characteristics and 
composition of the concentrated 
airflow.  Preferentially select fans 
made of materials that will resist 
corrosion. 

c. Utilize shutters on all fans in 
multiple fan systems to minimize the 
potential for backflow. 

6. Ductwork.  Design and size ductwork to 
achieve the maximum ventilation rate 
and minimize pressure drop. 

7. Byproducts.  Handle, store, and dispose 
of any byproducts of the device or 
system in accordance with all legal 
requirements and to prevent nuisances 
to the public. 

B. SPECIFIC CRITERIA- INERTIAL 
COLLECTORS 

Utilize inertial collectors for removing 
particulate matter from a concentrated 
airflow exhausted from a mechanically 
ventilated structure.  Inertial collection is 
not effective for removing gaseous 
compounds from a concentrated airflow. 

Base inertial collector design on the 
following: 

• Characteristics of the concentrated 
airflow, such as velocity, temperature, 
moisture content, and chemical 
composition 

• Concentration of particulate matter in 
the concentrated airflow 

• Particle size distribution of particulate 
matter in the concentrated airflow 

• Particle size range to be collected 
• Collection and disposal system for 

particulate matter removed by the 
inertial collector 

C. SPECIFIC CRITERIA- FABRIC FILTERS 

Utilize fabric filters for removing 
particulate matter from a concentrated 
airflow exhausted from a mechanically 
ventilated structure.  Fabric filters are not 
effective for removing gaseous compounds 
from a concentrated airflow. 

Base fabric filter design on the following: 

• Characteristics of the concentrated 
airflow, such as velocity, temperature, 
moisture content, and chemical 
composition 

• Concentration of particulate matter in 
the concentrated airflow 

• Particle size distribution of particulate 
matter in the concentrated airflow 

• Particle size range to be collected 
• Airflow-to-cloth ratio of the filter 

material 
• Collection and disposal system for 

particulate matter removed by the 
fabric filter 

• Methodology for cleaning the fabric 
material 

D. SPECIFIC CRITERIA- ELECTROSTATIC 
COLLECTORS 

Utilize electrostatic collectors for removing 
particulate matter from either the inside of 
a structure or a concentrated airflow 
exhausted from a mechanically ventilated 
structure.  Electrostatic collection is not 
effective for removing gaseous 
compounds. 

Base electrostatic collector design on the 
following: 
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• Characteristics of the concentrated 
airflow or air inside the structure, such 
as velocity, temperature, and moisture 
content 

• Concentration of particulate matter in 
the concentrated airflow or air inside the 
structure 

• Particle size distribution of particulate 
matter in the concentrated airflow or air 
inside the structure 

• Particle size range to be collected 

• Collection and disposal system for 
particulate matter removed by the 
electrostatic collector 

• Methodology for cleaning the collector 
plates 

E. SPECIFIC CRITERIA- WET 
SCRUBBERS/BIOSCRUBBERS 

Utilize wet scrubbers/bioscrubbers for 
removing particulate matter or gaseous 
compounds from either the inside of a 
structure or a concentrated airflow 
exhausted from a mechanically ventilated 
structure. 

Base wet scrubber/bioscrubber design on 
the following: 

• Characteristics of the concentrated 
airflow or air inside the structure, such 
as velocity, temperature, and moisture 
content 

• Type of air contaminant(s) to be 
removed from the concentrated airflow 
or air inside the structure 

• Concentration of the targeted air 
contaminant(s) in the concentrated 
airflow or air inside the structure 

• Particle size distribution of particulate 
matter in the concentrated airflow or 
air inside the structure, if particulate 
matter is the targeted air contaminant 

• Particle size range to be collected, if 
particulate matter is the targeted air 
contaminant 

• Collection and disposal/recovery 
system for the scrubbing liquid and any 

removed air contaminants and other 
byproducts 

F. SPECIFIC CRITERIA-ADSORBERS 

Utilize adsorbers for removing gaseous 
compounds from a concentrated airflow 
exhausted from a mechanically ventilated 
structure.  Adsorption may also remove 
particulate matter, although there is a 
greater potential for fouling of the 
adsorption media if higher particulate 
matter concentrations are present in the 
concentrated airflow. 

Base adsorber design on the following: 

• Characteristics of the concentrated 
airflow, such as velocity, temperature, 
and moisture content 

• Type of air contaminant(s) to be 
removed from the concentrated 
airflow 

• Concentration of the targeted air 
contaminant(s) in the concentrated 
airflow 

• Potential for fouling of the adsorption 
media by particulate matter 

• Recovery/regeneration system for the 
adsorption media 

• Collection and disposal/recovery 
system for any removed air 
contaminants and other byproducts 

Pre-clean a concentrated airflow 
containing high particulate loading to 
minimize the potential for fouling of the 
adsorption media. 

G. SPECIFIC CRITERIA- BIOFILTERS 

1. Utilize biofilters for removing gaseous 
compounds from a concentrated airflow 
exhausted from a mechanically 
ventilated structure.  Biofilters may also 
remove particulate matter, although 
there is a greater potential for fouling 
biofilter media if higher particulate 
matter concentrations are present in the 
concentrated airflow. 

2. Airflow containing high particulate 
loading shall be pre-cleaned to 
remove a significant fraction of 
particulate in order to prevent 
plugging of the biofilter. 
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3. Biofilters may be designed utilizing 
design factors found in “Biofilter 
Design Information,” BAEU-18, 
Revised March 2004, (or later) 
published by the University of 
Minnesota in combination with recent 
research.    

4. Design documentation shall include the 
following: 

a. Characteristics of the concentrated 
airflow, such as velocity, 
temperature, and moisture content 

b. Type of air contaminant(s) to be 
removed from the concentrated 
airflow 

c. Concentration of the targeted air 
contaminant(s) in the concentrated 
airflow 

d. Potential for fouling of the biofilter 
media by particulate matter 

e. Type of biofilter media to be used 
and anticipated lifespan of the media 

f. Collection and disposal/recovery 
system for the biofilter media and 
any removed air contaminants and 
other byproducts  

5. Wood chips shall be seasoned at least 
one year. If used, compost should be 
well composted organic material. 

6. Organic media beds shall be designed 
for a minimum effective life of three 
years. 

7. Fans shall have readily available 
published performance 
characteristics. 

8. Shutters are required on all fans, on 
multiple fan systems, which supply 
gas to a biofilter to prevent backflow. 

9. Inlets, ductwork and plenum used to 
distribute mechanically ventilated air 
through the biofilter should be sized 
to maintain airflow velocities 
between 600 - 1000 fpm. 

10. Divert excess moisture (such as from 
precipitation) away from the biofilter. 

11. Include an additional moisture delivery 
system in the biofilter design, if needed. 

12. Implement a facility rodent control 
program that includes the biofilter. 

13. Remove vegetation from the biofilter 
media periodically to maintain proper 
airflow. 

V.   CONSIDERATIONS 

1. Include the total cost (installation plus 
operation) of the device or system in 
comparison with the intended performance 
of the device or system.  There is 
considerable variability in the installation 
cost of the options in this standard. 
Additionally, there is also considerable 
variability in the operating cost (including 
labor, maintenance, energy, etc.) of the 
various options. 

2. Minimization of the overall system pressure 
drop to less than 0.3 inches of water column 
may allow for the use of standard 
agricultural production fans. 

3. For particulate-laden concentration airflows, 
consider keeping the fan outside of the 
airflow stream or installing a device or 
system to remove the particulate matter 
from the airflow stream prior to contacting 
the fan to reduce the need or frequency for 
cleaning accumulated particulate matter 
from the fan blades. 

4. If possible, recycle byproducts and/or 
filtration/scrubbing media and liquids 
instead of disposal. 

5. Roof runoff can add excessive moisture to 
the biofilter and displace the material due 
to physical impact. It is recommended to 
utilize gutters to divert the water where 
roof runoff will discharge onto the 
biofilter. 

VI. PLANS AND SPECIFICATIONS 

Prepare plans and specifications for application of 
this practice for each site or planning unit 
according to the criteria of this standard.  
Specifications shall be recorded using 
specification sheets, job sheets, practice 
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requirement sheets, narrative statements in 
conservation plans, or other acceptable 
documents. 

Prepare a design documentation that includes a 
process diagram and specifies the following 
minimum information: 

1. Type of device or system to be used 

2. Identification of the air to be treated (i.e., 
concentrated airflow(s) from a 
mechanically ventilated structure or air 
inside a structure).  Also identify any 
concentrated airflow(s) or air inside a 
structure that will not be treated by the 
device or system.  Include a justification 
for treatment or non-treatment of the 
identified concentrated airflow(s) and/or 
air inside a structure. 

3. Type and concentration/amount of air 
contaminant(s) to be targeted for removal 

4. Characteristics of the concentrated 
airflow or air inside the structure, such as 
velocity, temperature, and moisture 
content 

5. Design parameters for the device or 
system related to air contaminant 
removal 

6. Process controls and monitoring 

7. Expected performance (control 
efficiency) of the device or system 

8. Collection and disposal/recovery system 
for any removed air contaminants and 
other byproducts 

VII. OPERATION AND MAINTENANCE  

1. Develop and implement an operation and 
maintenance plan that is consistent with 
the purposes of this practice, its intended 
life, safety requirements, and the criteria 
used for its design. 

2. Operate and maintain the device or 
system in accordance with the 
manufacturer’s recommendations, if 
applicable. 

3. For fans used in particulate-laden 
airflows, develop and implement a fan 
inspection and maintenance plan to 

prevent and/or remove dust 
accumulation. 

4. Design and construct ductwork to enable 
all sections to be safely isolated and 
cleaned as part of routine maintenance. 
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ODOR, AMMONIA, AND HYDROGEN SULFIDE CONCENTRATION

AND EMISSIONS FROM TWO FARROWING‐GESTATION 
SWINE OPERATIONS IN NORTH DAKOTA

S. Rahman,  D. Newman

ABSTRACT. Odor and air emissions from swine facilities are a growing public nuisance faced by animal industries across the
country. Quantification of odor, ammonia (NH3) and hydrogen sulfide (H2S) emissions from swine facilities is essential to
develop and implement odor abatement techniques. In this study, odor, NH3 and H2S emissions were measured
bi‐weekly/monthly  from two sow farms (Farm‐A with outdoor lagoon systems; Farm‐B deep pit system) in North Dakota. Air
samples were collected from exhaust fans using a vacuum chamber and Tedlar bags. Odor detection threshold values were
determined using a dynamic dilution olfactometer. Ammonia and H2S concentration were measured using DrägerTM chip
measurement systems (CMS) and a JeromeTM meter. Air flow rates from exhaust fans were measured using a portable
thermo‐anemometer and ventilation rate was determined as the summation of air flow rates of all fans.

Average odor concentration for the gestation and farrowing barn for Farm‐A were 926±439 and 695±428 OU m‐3,
respectively, whereas these values were 964±371 and 629±341 OU m‐3, respectively in Farm‐B. Farm‐A, NH3 emissions
from the farrowing barn varied between 2.66 and 9.36 g d‐1 AU‐1, but in the gestation barn it varied from 4.19 to 30.73 g d‐1

AU‐1. Similarly, farrowing barn ammonia emission from Farm‐B varied between 1.92 and 5.30 g d‐1 AU‐1, but gestation barn
ammonia emissions varied between 17.68 and 58.56 g d‐1 AU‐1. Overall, deep pit housing systems resulted in significantly
higher NH3 concentrations and odor emissions. Similarly, Farm‐A H2S emission varied between 0.42 to 1.45 g d‐1 AU‐1 in
the farrowing barn, whereas it varied from 0.87 and 8.22 g d‐1 AU‐1 in the gestation barn. Similarly, farrowing barn H2S
emissions from Farm‐B varied from 0.27 to 0.55 g d‐1 AU‐1, but for the gestation barn ammonia emission varied between 2.17
and 8.37 g d‐1 AU‐1. The gestation barn had much higher H2S emissions than that of the farrowing barn. In general, the deep
pit housing systems (Farm‐B) resulted in higher pollutant gases concentration and emissions.

 Keywords. Odor, Ammonia, Hydrogen sulfide, Concentration, Emissions, Farrowing, Gestation, Swine operation.

nimal agriculture is playing an important role in
the United States as well as the North Dakota
economy and its contribution is increasing.
Livestock industries, as a whole, contributed

11.4% of the total cash agricultural receipts in 2009 in North
Dakota (NASS‐USDA, 2011). In August 2010, there were
160,000 head of hogs in North Dakota raised on 178 farms.
Often these farms are close to communities and highways.
Swine production plays an important economic role in key
hog producing states in the United States (Huang et al., 2004).
The growth of swine production in the United States, as well
as in North Dakota, is expected to continue. This could
possibly aggravate environmental problems, such as
pollution, climate change, and loss of biodiversity (van der
Meer, 2008). The main environmental concerns with animal
production facilities are soil, water, and air pollution (i.e.,
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odor, ammonia, hydrogen sulfide, and greenhouse gases)
(Thompson et al., 2004; Kerr et al., 2006).

People who live near livestock farms have often voiced
their concerns about odors and these sometime results in
lawsuits. Odor emissions are a nuisance and a contentious
issue in communities near livestock facilities and they also
pose potential health risks (Lu et al., 2008). Odor emissions
are an increasingly difficult and pressing problem for the
swine industry (Archibeque et al., 2006) when it wants to
either expand an existing livestock facility or to establish a
new facility. This problem will likely continue as livestock
facilities expand and large numbers of animals are raised on
smaller areas.

Over the years, the agricultural community and
large‐scale livestock operations have changed significantly.
The trend include an overall reduction in the number of
farms, but an increase in intensive livestock production
facilities;  a major source of odor. Odor nuisance and pollutant
gas emissions continues to be a major issue for livestock
industries because of their potential environmental and
health effects on animals, workers, and neighbors of confined
animal feeding operations (Sun et al., 2010). Several large
swine (e.g., 27) facilities are in operation in North Dakota,
but no air emissions data are available from any of these
operations. Under the Emergency Planning and Community
Right to Know Act (EPCRA) for confined animal feeding
operations (CAFOs) (effective 20 January 2009), large
CAFO (i.e., over 700 dairy cows, 2500 swine over 55 lb) need

A
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to report air emissions such as ammonia (NH3), and hydrogen
sulfide (H2S). To improve agricultural air quality research,
the National Research Council (NRC, 2003) highlighted the
need for emission studies focusing on individual farm
operations or sources within the farm.Therefore, it is
important to monitor odor and air emissions from livestock
and poultry production facilities from North Dakota
livestock operations and management practices.

Odors from CAFOs or animal feeding operation (AFOs)
are produced primarily via incomplete fermentation of
livestock manure by bacteria and volatile fatty acid (VFA) is
the predominant malodorous compounds produced during
fecal starch fermentation. Odor emissions from AFOs are
complex mixtures of NH3, H2S, and a large number of
volatile organic compounds (VOCs) (Laor et al., 2007).
However, the odor emissions composition can vary with the
types of animal raised, seasonal variations, the stages of
animal growth, the types of feed, sampling locations, etc.
Offensive odors are the problem that can lead to public
opposition to establishing a new livestock facility or
expanding an existing facility. Odor emissions from livestock
operations constitute a major issue. One approach to deal
with odor complaints involves collecting on‐farm odor and
air emissions data from different livestock production
facilities for an extended period of time to establish
guidelines for minimum setback distances between livestock
operations and surrounding neighbors (McGinn et al., 2003).
At the same time, making more information available to the
public might also help to reduce pollution through changes
in their management practices (Centner and Patel, 2010).

Although more than 130 gases are derived from animal
manure decomposition, NH3 and H2S gases pose the greatest
environmental  concern (Ni et al., 2009). Ammonia is
considered a precursor of ozone, so it is regulated by the
Clean Air Act (US CRS 2010; Centner and Patel, 2010).
Ammonia is an environmental pollutant and livestock
operations release substantial amounts of NH3 to the
atmosphere from livestock buildings, manure handling and
storage systems, and during and following land application
of manure (Arogo et al., 2001; Sommer and Hutching, 2001;
Aneja et al., 2001). Land application reduces the nitrogen (N)
content of manure and can affect groundwater, surface water,
and air (Hao et al., 2006; Ivanova‐Peneva et al., 2008;
VanderZaag et al., 2008). Ammonia emissions have become
one of the major worldwide air pollution problems in recent
years (Ni et al., 2000). Ammonia from animal wastes and
fertilizer is believed to constitute about 90% or more of
anthropogenic NH3 emissions (Buijsman et al., 1987).

Like NH3, H2S is produced as a result of bacterial
reduction of sulphate and decomposition of sulphur‐
containing organic constituents of manure under anaerobic
conditions (Arogo et al., 2000; Koelsch et al., 2004; Predicala
et al., 2008). Hydrogen sulfide (H2S) is colorless, heavier
than air, highly soluble in water and has the characteristic
odor of rotten eggs at low concentrations. The presence of
H2S in swine confinement buildings is important from both
health and odor perspective (Arogo et al., 2000). It is toxic to
humans and animals at high concentrations (Koelsch et al.,
2004) and high concentrations of these pollutants may cause
irritation to eyes, nose, throat, or have other toxic effects to
workers (Wing et al., 2008). Pollutants, such as NH3, H2S,
and others (particulate matter, odor, and pathogens) emitted
by animal production units represent risks to the health and

well‐being of animals, workers, and neighboring inhabitants,
and to the global environment (NRC, 2003; Elenbaas‐
Thomas et al., 2005) and the effects of these pollutants have
been studied extensively (Zhu et al., 2000; Gay et al., 2003).
Ammonia emissions from livestock facilities must be
reduced to minimize environmental damage. However,
before adapting best management practices to reduce these
pollutants, one should know the emissions concentration
levels of these pollutants. Extensive studies on H2S emission
from swine facilities has been conducted (Zhu et al., 2000; Ni
et al., 2002) in other states, but no data is available on H2S
emissions in North Dakota.

The climate of North Dakota is very unique and it is
characterized  by its unpredictability. It is characterized by
semi‐arid conditions with low annual rainfall (<250 mm) in
the western half of the state, whereas the eastern portion
experiences more precipitation with an average of 560 mm.
Most of the precipitation occurs during May through August.
Before and after this period, precipitation is low to moderate.
The average annual rainfall in the study area is 420 mm and
the average relative humidity (RH) ranges from 53% to 82%
(NPWRC, 2011a). Summer months are hot and winter
months are very cold. The average annual temperature for the
state of North Dakota ranges from 2.78°C (37°F) in the
northern part to 6.1°C (43°F) in the south (NPWRC, 2011b).
Due to unique climatic conditions, emissions data from other
states are not directly applicable to North Dakota climatic
conditions. Therefore, the objective of this research was to
quantify odor, NH3 and H2S concentration and emission rates
from two swine farms under North Dakota farming practices
and climatic conditions.

MATERIALS AND METHODS
DESCRIPTION OF FACILITIES AND MANAGEMENT PRACTICES

Two commercial swine farms (hereafter Farm‐A and
Farm‐B) were monitored (fig. 1). They were located 50 km
apart. Farm‐A consists of two gestation‐barns (hereafter
g‐barn) and two farrowing barns (hereafter f‐barn). Farm‐A
has a shallow pit system and manure is typically removed
from the shallow pits every three weeks and stored in an
outdoor anaerobic storage. Each g‐barn has a capacity of
2200 head. In each f‐barn, there are eight rooms with 52
farrowing crates per room. Thus, there are a total of 832
(8×52×2) farrowing stalls on this farm. The farrowing
rooms on this farm are identical to each other and each
farrowing room has the same number of sows except at
cleaning and maintenance times. There were five exhaust
fans in each farrowing room (23 × 12 m) for a total of 40
(5×8) exhaust fans in each f‐barn. There were 12 wall
mounted exhaust fans and 20 tunnel fans in each g‐barn
(171 × 24 m) for a total 34 fans in each g‐barn on this farm.
The total capacity of this facility is 5000 head.

Similarly, Farm‐B consists of two g‐barns and two f‐barns.
Each g‐barn (165 × 24 m) has 2100 gestation‐stalls with deep
pits and the f‐barn (24 × 12.5 m) has 15 farrowing rooms
(7 rooms on one side and 8 rooms on the other side) with
60 crates per room (15×60 = 900 farrowing stalls). Each
farrowing room in the g‐barn is identical to each other. This
facility is cross ventilated via pit fans in the winter, whereas
summer ventilation is tunnel vented with cooling pad at the
end walls and fans in the center of the side walls. The f‐barn
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(a)

Exhaust fan sampling location

(c)

Gestation barn

Gestation barn

Farrowing barn

Farrowing barn

(b)

Pit fan sampling location

(d)

Figure 1. Study sites and description of facilities: (a) Showing two gestation barns, two farrowing barns, and an outdoor lagoon system at Farm‐A; (b)
Showing two gestation (deep pit manure storage underneath) and two farrowing barns in Farm‐B; (c) Showing exhaust fans (five fans/room) and
sampling location of a farrowing room in Farm‐B; and (d) One of the sampling location of pit fan in Farm‐B.

has shallow pull plug‐type pits that drain manure into the
corresponding g‐barn pits every three weeks when the
farrowing room is emptied at piglet weaning. It is also power
washed. Farm‐B has two deep pit systems and they were
completely separated from each other. In each g‐barn, there
are 16 pit ventilation fans and eight wall ventilation fans.
Thus a total of 32 pit fans and 16 wall ventilation fans are in
this g‐barn. The total capacity of this facility is 5000 animals.
The major differences between the two farms are that Farm‐A
has an outdoor manure collection system, whereas, Farm‐B
has a deep pit manure collection system. Both farms are
owned and operated by the same producer. The swine had
similar food rations.

ODOROUS AIR SAMPLE COLLECTION

Because of limited resources and sample handling
capacity and the large number of exhaust fans, a limited
(12 samples) number of samples were collected during each
sampling event. Samples were collected from the same
exhaust fans and at the same time of day (10 am ‐12 noon)
each time. During each sampling event at Farm‐A, duplicate
air samples were collected from the same minimum
ventilation fan of a farrowing room, whereas in the g‐barn,
duplicate air samples were collected from every alternate fan
on the same side of the barn. In this way, a total of 12 samples
were collected for odor analysis. For Farm‐B, air sampling

protocol was the same as for Farm‐A, but the g‐barn air
samples were collected from the pit fans. All air samples
were collected from the exhaust side of the fan due to
bio‐security reasons and to gain producer cooperation. All air
samples were collected in 10‐L Tedlar bags using a vacuum
chamber (SKC Inc., Eighty Four, Pa.) and samples were
shipped overnight to an olfactometry lab at Iowa State
University within 24 h of collection for odor dilution to
threshold (DT) values.

CONCENTRATION AND VENTILATION MEASUREMENT

Odor DT values were analyzed using a forced‐choice
dynamic olfactometer (AC'Scent International
Olfactometer, St. Croix Sensory, Inc., Stillwater, Minn.) at
Olfactory Lab at Iowa State University with eight trained
panelists. During each air sampling event, duplicate NH3,
and triplicate H2S concentrations were measured using the
DrägerTM Chip Measurement Systems (CMS) (SKC Inc.,
Eighty Four, Pa.) and a Jerome meter 631X (Arizona
Instrument, Phoenix, Ariz.), respectively. The ammonia
chips (2‐50 ppm) used were factory calibrated and the Jerome
meter (0.003‐50 ppm) used in this study was new and factory
calibrated.  All measurements were taken at the exhaust side
of the fan. In addition, indoor temperature and relative
humidity (RH) were recorded using HOBO Pro T/RH loggers
(Onset Computer Corporation, Bourne, Mass.) with a 0.2°C
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accuracy for temperature and 2.5% for RH. For the farrowing
room, one HOBO logger was installed in the middle of the
room. For the g‐barn, two HOBO loggers were installed and
data were recorded hourly.

The average air velocity rates (m s‐1) of all running fans
were measured using a portable thermo‐anemometer (Extech
Instruments Corporation, Waltham, Mass.; range 0.4‐
30 m s‐1 and accuracy ±3%+0.20 m s‐1) using at least 10 to
20 locations across the radius of an exhaust fan (fig. 2) were
used as per Zhang et al. (2007). The air flow rate (m3 s‐1) of
each fan was calculated from the measured average air
velocity and fan cross‐sectional area. The measured fan
airflow rate was compared with the published data from the
BioEnvironmental  and Structural Systems (BESS) lab fan
testing data for the corresponding fans model. The total
ventilation rate from each room was determined as the
summation of the air flow rates of all fans.

ODOR, NH3 AND H2S EMISSION RATES CALCULATION

Odor emission rate was calculated from the measured
odor concentration and air flow rate as follows:

 rateodorodor VCER ×=  (1)

where
ERodor = odor emission rate (OU m‐3)
Codor = odor concentration (OU m‐3)
Vrate = ventilation rate through exhaust fan (m3 s‐1).

Ammonia (NH3) and H2S emission rate was calculated
using following equations:
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where
ERP_gas = pollutant gas (i.e., NH3 or H2S) emission rate 

(g day‐1 AU‐1)
CP_gas = pollutant gas (i.e., NH3 or H2S) concentration 

(ppm)
P = absolute pressure [atm (i.e., 1.0 atm)]
R = ideal gas constant (0.08206 1‐atm/gmol‐K)
T  = absolute temperature [K (°C + 273), (i.e., 

25°C)]

152-254 mm

152 mm

152 mm

152-305  mm

Figure 2. Schematic of air velocity measurement points (smaller circles)
across the radius of an exhaust fan.

MWP _gas = molecular weight of the pollutant gas (i.e., 
17.03 for NH3 and 34.07 for H2S)

AU = animal unit = (Nanimal × Manimal)/500 
(1 AU =500 kg of animal weight)

Nanimal = number of animal
Manimal  = average mass of an animal (kg)

DATA ANALYSIS
Analyses of variance (ANOVA) were performed using the

SAS program and data were polled and analyzed using the
GLM statistical model. Both concentration and emissions
were analyzed at � = 0.05 significance level and were
compared between farrowing and gestation barns of the same
farm and between the two farms. The significance of the
differences in concentration and emissions were examined
according to Duncan's multiple range tests (Steel et al.,
1997).

RESULTS AND DISCUSSION
ODOR CONCENTRATIONS AND EMISSIONS

The average odor concentrations for Farm‐A and Farm‐B
are shown in figures. 3 and 4, respectively. Average odor
concentration for the g‐ and f‐barn at the Farm‐A were
926±440 and 695±428 OU m‐3, respectively (table 1).
These values were 964±371 and 629±341 OU m‐3,
respectively, for Farm‐B (table 1). On average, the g‐barn had
a higher odor threshold than the f‐barn. The average g‐barn
odor concentration at Farm‐A was slightly higher than that of
the f‐barn (fig. 3a), but differences were not statistically
significant.  A similar trend was also observed for Farm‐B.

(a)

(b)

Figure 3. Variation of odor concentrations between gestation (g‐barn)
and farrowing (f‐barn) barns at (a) Farm‐A and (b) Farm‐B.

001626



111Vol. 28(1): 107‐115

(a) (b)

Figure 4. Odor concentrations comparison between Farm‐A and Farm‐B: (a) farrowing barn (f‐barn) and (b) gestation barn (g‐barn).

The g‐barn had higher odor concentration than the f‐barn.
These trends and values were comparable to those reported
by Zhou and Zhang (2003) and Zhu et al. (2000), in contrast
with the trend reported by Guo et al. (2006).

The odor concentration varied significantly among
sampling events. Low odor concentrations were observed
during the warm season from May‐September, while during
the cold season, October‐April, the odor concentration was
high (fig. 3). During the colder months, the ventilation rate
was low, thus the odor concentration was greater. However,
high odor concentration does not necessarily mean a high
odor emissions rate unless the ventilation rate is also high.

When odor concentrations were compared between
Farm‐A and Farm‐B, Farm‐B had a higher average odor
concentration than Farm‐A (fig. 4). This was likely due to
differences in housing and manure management systems.
Farm‐B had a deep pit manure collection system. Farm‐A had
an outdoor manure storage system. Other researchers have
also noticed that manure characteristics and manure depth
influence odor concentration level (Miller et al., 2004;
Pelletier et al., 2005). Measured average odor emission
varied from 2.11 to 53.51 OUs‐1m‐2 for Farm‐B. It varied
from 2.31 to 31.2 OUs‐1m‐2 for the Farm‐A. The average odor
emission rates for the f‐barn and g‐barn at Farm‐A varied
from 3.2 to 25.34 OUs‐1m‐2 and 2.31 to 31.2 OUs‐1m‐2,
respectively. Whereas, these values varied from 2.11 to
6.40 OUs‐1m‐2 and 6.74 to 53.51 OUs‐1m‐2, respectively, for
Farm‐B. Average odor emission rate for the g‐ and f‐barn at
the Farm‐A were 16.34±15.0 and 10.89±10.0 OUs‐1m‐2,
respectively (table 1). These values were 19.44±19.2 and
4.56±1.5 OUs‐1m‐2, respectively, for Farm‐B (table 1). This
result is consistent with that observed by Zhang et al. (2007)
under climatic conditions in Manitoba, Canada. This

variation in odor emission was likely due to variation in
ventilation rates. When more fans were running, odor
emissions increased due to the higher ventilation rate. The
g‐barn had greater odor emissions than the f‐barn, however
the differences were not significant. The higher odor
emissions from g‐barn at Farm‐B are attributed to the fact that
manure was removed from the farrowing barn every three
weeks, whereas manure was stored in the deep pit 6 to
9 months underneath the gestation barn. The longer manure
removal time leads to more odor emissions (Zhang et al.,
2007). Results obtained in this study are within the range of
1.18‐192 OU s‐1 m‐2 and 7.6‐23.0 OU s‐1 m‐2 as reported by
(Gay et al., 2003; Zhang et al., 2007), respectively. Odor
emissions were higher at Farm‐B than at Farm‐A, which was
due to deep pit system. Odor emissions increased as manure
depth in the deep pit system increased as also reported by
others (Miller et al., 2004).

AMMONIA CONCENTRATIONS AND EMISSIONS
Variation of NH3 concentrations from Farm‐A and

Farm‐B are presented in figure 5. Farm‐B had higher NH3
concentrations than Farm‐A (table 1). This was likely due to
differences in manure management systems, i.e., Farm‐B had
a deep pit system whereas Farm‐A had a shallow pit and
outdoor storage system. Because of the deep pit system,
manure is typically held for 6 to 9 months and anaerobic
decomposition of manure produce higher ammonia
concentration.  Irrespective of farm management practices,
the gestation barns had higher NH3 concentration (5.37 and
11.15 ppm in Farm‐A and Farm‐B, respectively) than the
farrowing barns (4.85 ppm for Farm‐A and 7.11 ppm for
Farm‐B, respectively). The differences were not statistically
significant,  except g‐barn of Farm‐B.

Table 1. Averages and standard deviations of different measured parameters from farrowing 
and gestation barn at Farm‐A and Farm‐B over the entire sampling period.

Farrowing Gestation

Parameters N Farm‐A Farm‐B Farm‐A Farm‐B

Ventilation rate (m3 s‐1) 288 4.25b[a]±3.37 3.45b±3.15 82.54a±62.51 97.56a±68.03

Odor concentration (OU m‐3) 146 695a±428 629a±341 926a±440 964a±371

Odor emission (OU s‐1 m‐2) 146 10.89a±10.0 4.56a±1.5 16.34a±15.0 19.44a±19.2

Ammonia concentration (ppm) 144 4.86b±2.8 7.11b±3.82 5.37b±2.25 11.15a±5.43

Ammonia emission (g d‐1 AU‐1) 144 5.37c±2.85 3.27d±1.54 11.46b±9.69 32.40a±17.86

Hydrogen sulfide concentration (ppm) 432 0.369b±0.18 0.417b±0.20 0.587b±0.46 0.758a±0.45

Hydrogen sulfide emission (g d‐1 AU‐1) 432 0.743c±0.39 0.409d±0.20 2.372b±2.74 4.714a±3.00
[a] Averages within a row followed by different letters are significantly different at P < 0.05 according to Duncan multiple range tests.
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(a)

(b)

Figure 5. Variation of ammonia concentrations (NH3) between farrowing
(f‐) and gestation (g‐) barn between two farms: a) Farm‐A and b) Farm‐B.

For Farm‐A, the NH3 concentration ranged from 2.23 to
7.95 ppm for the gestation barn, whereas it ranged from 6.37
to 19.13 ppm for Farm‐B. Similarly, the NH3 concentration
in the farrowing barn ranged from 2.87 to 7.33 ppm at
Farm‐A. These values ranged from 2.43 to 10.99 ppm for
Farm‐B. In general, the lowest NH3 concentration was
recorded during June‐August and the highest concentration
was found during April‐May. This can be explained that
during April‐May, only minimum ventilation fans were
running and ambient temperatures were low. This resulted in
high NH3 concentrations. During July‐August, the
ventilation rates were the highest. This resulted in lower NH3
concentrations.  A similar trend has been observed by other
researchers (Guo et al., 2006; Sun et al., 2010). The results
obtained in this study were compared with other studies (Zhu
et al., 2000; Blunden et al., 2008). Ammonia concentrations
were within the same ranges as found in other studies (Zhu
et al., 2000; Blunden et al., 2008; Sun et al., 2010).

At Farm‐A, NH3 emissions from the f‐barn varied
between 2.66 to 9.36 g d‐1 AU‐1, but in the g‐barn it varied
from 4.19 to 30.73 g d‐1 AU‐1 (fig. 6). Although manure from
both barns was removed every three weeks, the g‐barn
showed higher ammonia emissions, which was due to the
variation in ventilation rates. As shown in figure 6, the f‐barn
ammonia emissions at Farm‐B varied between 1.92 and
5.30 g d‐1 AU‐1, but the g‐barn ammonia emissions varied
between 17.68 to 58.56 g d‐1 AU‐1 for the same farm. The
higher ammonia emissions from the g‐barn are attributed to
the fact that g‐barn had a deep pit manure storage system and
stored manure for 6 to 9 months.

At Farm‐A, the f‐barn ammonia emissions followed a
trend similar to the f‐barn emissions at Farm‐B, but the g‐barn
emissions were much lower than at Farm‐B. This is attributed
to the fact that Farm‐A had an outdoor manure storage system

(a)

(b)

Figure 6. Variation of ammonia emissions from gestation (g‐) and
farrowing (f‐) barn at (a) Farm‐A and (b) Farm‐B.

where manure was removed from both the f‐ and g‐barns
every three weeks, whereas Farm‐B had deep pit system in
the g‐barn. In general, when the NH3 concentrations were
low, the emissions rates were high due to the high ventilation
rates.

HYDROGEN SULFIDE CONCENTRATIONS AND EMISSIONS

Figures 7 and 8 represent the variation of H2S
concentrations from Farm‐A and Farm‐B. The average H2S
concentration of the g‐ and f‐barns at Farm‐A were
0.59±0.46 ppm and 0.37±0.18 ppm, respectively. Similarly,
the H2S concentrations of these units for Farm‐B were
0.76±0.45 ppm and 0.42±0.20 ppm, respectively. When the
results obtained in this study are compared with other studies
(Zhu et al., 2000; Blunden et al., 2008), the H2S
concentrations are within the ranges (0.148 to 0.927 ppm) as
reported by Zhou and Zhang (2003) for a swine barn in
Manitoba, Canada. When the H2S concentrations were
compared between f‐ and g‐barns for the same farm, the
g‐barn showed higher concentrations than the f‐barn. Similar
to the NH3 concentration variation, the lowest H2S
concentration was noticed during the months of July‐August
and the higher concentration was noticed during the months
of April‐May (fig. 7).

When the H2S concentrations were compared between the
two farms (fig. 8), Farm‐B showed slightly higher H2S
concentration than the Farm‐A. This was likely due to
differences in manure management systems as described in
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(a)
(b)

Figure 7. Variation of hydrogen sulfide (H2S) concentrations of farrowing and gestation barns: (a) Farm‐A and (b) Farm‐B.

(a)

(b)

Figure 8. Variation of hydrogen sulfide concentrations of: (a) farrowing
and (b) gestation barn between farms Farm‐A and Farm‐B.

the previous section, but the differences were not statistically
significant except g‐barn of Farm‐B. In a deep pit manure
storage system, it is common that bubbles rise from the liquid
manure. This carries higher hydrogen sulfide concentrations
(Ni et al., 2009). The H2S concentration is likely to increase
suddenly when the bubbles burst and release H2S.
Irrespective of farm management practices, the gestation unit
had greater H2S concentrations than the farrowing unit. This
is likely due to a longer manure storage period and manure
storage depth.

Farm‐A H2S emissions varied between 0.42 to 1.45 g d‐1

AU‐1 for the f‐barn, whereas it varied from 0.87 to 8.22 g d‐1

AU‐1 in the g‐barn. In September 2010, an anomaly in the
ventilation rate was observed (fig. 9a). The ventilation rate
increased sharply (by 69%) as compared to the previous
months as a result of high ambient temperatures. A similar
pattern was observed at Farm‐B. Hydrogen sulfide emissions
followed the same pattern as the ammonia emissions. As
shown in figure 9b, the f‐barn H2S emissions at Farm‐B

(a)

(b)

Figure 9. Variation in hydrogen sulfide emissions of (a) Farm‐A and (b)
Farm‐B.

varied from 0.27 to 0.55 g d‐1 AU‐1, but for the g‐barn
ammonia emissions varied between 2.17 and 8.37 g d‐1 AU‐1.
The g‐barn had much higher H2S emissions than that of the
f‐barn for the same reason as for the ammonia emissions. In
terms of H2S emission between two farms, Farm‐A had
higher H2S emissions for the f‐barn. But, Farm‐B had higher
emissions for the g‐barn.

CONCLUSIONS
� There was no significant difference in odor concentrations

and emission rates between gestation and farrowing barns.
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� In general, deep pit housing systems (Farm‐B) had higher
pollutant gases concentrations and emissions than a
lagoon manure management (Farm‐A).

� No significant differences in odor concentrations were
noticed between deep pit (Farm‐B) and lagoon manure
management  (Farm‐A) systems.

� Irrespective of farm management practices, gestation
units had higher ammonia concentrations and emissions,
but the differences were not significant statistically.

� Gestation barns had much higher hydrogen sulfide
emissions than the farrowing barns and the differences
were not statistically significant.
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Industry Summary  
Gaseous emissions from livestock production continue to receive increasing attention due to concerns over 
their environmental and health impacts.  Local concerns over gaseous emissions are usually focused on odor 
and environmental impacts. For example, ammonia (NH3) is usually of concern for its potential negative 
impacts on local environments or ecological systems due to deposition, whereas greenhouse gases (GHGs) 
emissions are of concern for their potential impacts on global climate change.  However, it is important to 
understand the quantity and composition of gasses being emitted to the atmosphere.  The primary GHGs 
associated with livestock production are carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). 
Information on GHG emissions from U.S. swine production facilities is meager, especially under commercial 
production conditions.    

Therefore, the objective of this study was to quantify the emissions of GHGs and ammonia from a Midwestern 
production-scale breeding/gestation/farrowing facility over a one-year period. This study will begin to establish 
the baseline GHG emissions and contribute to national emissions inventory on ammonia emissions for swine 
production in the United States, particularly under Midwestern production conditions.  

A 4300 sow capacity breeding/gestation/farrowing facility in central Iowa was used in this one-year intensive 
monitoring study.  The facility consisted of one breeding/early gestation barn, one late gestation barn, and two 
farrowing buildings with 9 farrowing rooms each (40 farrowing crates per room). The farrowing rooms held 
manure in a shallow pit that was drained into an external storage at the end of each farrowing cycle (~21days).  
The breeding/early gestation barn and late gestation barn held manure in a deep pit of each barn.  Manure 
from the barns and the external storage was pumped out twice a year.   

A Mobile Air Emissions Monitoring Unit (MAEMU) was used to continuously measure variables needed to 
determine the gaseous emissions from the breeding/gestation barns and two farrowing rooms.  For each 
monitored barn/room the following data were collected on a 30 second basis: fan running status, building static 
pressure, indoor air temperature and relative humidity (RH), outdoor air temperature and RH, and barometric 
pressure.  Gaseous concentrations of the exhaust air were measured with a gas sampling system that stepped 
sequentially through two composite sample locations in each barn or room (8 total), with 6 minutes of sampling 
and analysis per location to ensure stabilized readings. In addition, gaseous concentrations of the ambient air  
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or background were measured every two hours.  The static pressures and fan status were used with fan-
specific performance curves developed from in-situ measurements to determine each fan’s airflow rate, hence 
the building ventilation rate.    

The average daily emissions from each source – breeding/early gestation (B/EG) barn, late gestation (LG) 
barn, farrowing barns, external manure storage, and farm-level overall, in pounds per 100 sows per day, is 
summarized in Table 1.  The results show that methane emissions from the shallow-pit farrowing barns are 
18% of those from the external manure storage and 0.11-0.12% of those from the deep-pit breeding/gestation 
barns. The farm-level daily CH4 (0.28 lb/sow-d) and N2O (5.2 ×10-4 lb/sow-d) emissions were equivalent to 7.3 
lb CO2eq/sow-d. Majority (~94%) of the farm-level CO2 emission (8.2 lb/sow-d) is from animal respiration. Daily 
ammonia emissions averaged 0.03 lb/sow in the B/EG phase, 0.03 lb/sow-d in the LG phase, 0.074 
lb/(sow+litter)-d in the farrowing phase, and 0.007 lb/(sow+litter)-d for the external manure storage, with an 
overall farm total of 0.033 lb/sow-d. Based on the daily farm-level ammonia emissions obtained from this study, 
the number of animals needed to trigger the EPA CERCLA reporting threshold of 100 lb NH3/d ranges from 
3523 gestation sows to 1233 farrowing sows and litters for the manure handling systems involved in the study.   

The measured emission rates from the LG and B/EG barns are higher than measured values from other 
breeding/gestation systems.  This is due to previous measurements being taken on shallow pit buildings.  The 
deep-pit manure storage results in more methane and nitrous production as manure is the main source of 
these two gasses in swine production systems.  This is further evidenced by the drastically higher methane 
emissions from the external manure storage compared to the farrowing barns.   

 
Table 1.  Average daily emissions of ammonia (NH3), carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) 

and their CO2 equivalent (CO2eq) from breeding/early gestation (B/EG) barn, late gestation (LG) barn, farrowing 
barns, and external manure storage on a per 100 sows or per 100 (sows+litters) basis 

Source of 
Emissions 

Unit 
Daily Emissions 

NH3 CO2 N2O CH4 

B/EG Barn 
lb/100 sows 2.72 635 0.085 22.5 

CO2eq - 635 25.4 562 

LG Barn 
lb/100 sows 2.95 700 0.017 22.6 

CO2eq - 700 4.99 565 

Farrowing Barns 
lb/100 (sows+litters) 7.44 2133 0.077 13.0 

CO2eq - 2133 23.0 326 

External Manure 
Storage 

lb/100 (sows+litters) 0.67 135 0.001 72.1 

CO2eq - 135 0.182 1803 

Farm Overall 
lb/100 sows 3.34 820 0.052 28.5 

CO2eq - 820 15.5 711 
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Scientific Abstract 

Interest in ammonia and greenhouse gas (GHG) emissions from animal feeding operations is increasing. 
However, information is meager concerning ammonia and GHG emissions from swine operations, particularly 
from breeding, gestation, and farrowing facilities. The purpose of this study is to quantify GHG emissions from 
a breeding/gestation and farrowing facility located in Central Iowa. The monitored portion of the facility consists 
of a deep-pit breeding and early gestation (~40 days) barn (1800 head), a deep-pit late gestation (>40 days) 
barn (1800 head), and two shallow-pit farrowing rooms (40 farrowing crates per room). Monitoring began in 
January 2011 and will continue for two years to cover the seasonal effects on the emissions.  This paper 
reports on data collected from January 12, 2011 to June 30, 2012.  A mobile air emissions monitoring unit is 
dedicated to the extensive monitoring. At the time of this writing, results from the study show the following 
average daily emissions per animal unit (AU = 500 kg body mass): 33.1 g NH3, 7.72 kg CO2, 1.0 g N2O, and 
273.6 g CH4 for sows in the breeding/early gestation barn; and 34.2 g NH3, 8.08 kg CO2, 0.2 g N2O, and 259.9 
g CH4 for sows in the late gestation barn. The average daily emissions per crate (sow and piglets) of the 
farrowing rooms are: 33.8 g NH3, 9.69 kg CO2, 0.4 g N2O, and 59.3 g CH4.  A dynamic flux chamber was 
deployed on the external manure storage several times over the monitoring period to capture the seasonal 
variation of emissions.  For the monitored period, the storage had the following average daily emission per 
square meter of surface area: 0.41 g NH3, 81.5 g CO2, 0.07 g N2O, and 51.6 g CH4, which was equivalent to 
daily emissions on a farrowing sow basis of 3.1 g NH3, 613 g CO2, 0.002 g N2O, and 326 g CH4. These results 
will be enhanced by the data from the second year monitoring of the same facility.   
 
Introduction 

Gaseous emissions from livestock production have received increasing attention as concern has grown over 
their environmental and health impacts.  Local concerns over gaseous emissions are usually focused on the 
odor and environmental impacts. For example, ammonia (NH3) is usually of concern for its potential negative 
impacts on local environments due to deposition.  However, it is important to study these emissions to 
understand the quantity and composition of gasses being emitted to the atmosphere.  The three biggest 
gasses of concern in terms of having potential to affect climate change are the greenhouse gasses (GHG): 
carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4).  In order to understand the magnitude of GHG 
emissions from livestock production, reliable emission factors for different livestock production systems in 
different geographic/climatic areas must be determined.  Currently, there is a gap in the swine data for the 
breeding/gestation and farrowing stages of production.      

The US breeding pig inventory was 5.97 million head as of March 1, 2011 and Iowa leads the US with over 17% 
of the breeding inventory (USDA NASS, 2011).  The US EPA estimates that agriculture is responsible for 6.3% 
of the total GHG emissions in the US (2011 US Greenhouse Gas Inventory Report).  As mitigation 
technologies are developed to reduce emissions, it is important to have accurate baseline emission rates for 
design and implementation of mitigation technologies, to evaluate the effectiveness of the technologies, and to 
direct technology development toward the areas of animal production that have the largest emissions footprint.   

There is limited literature on GHG emissions from swine gestation and farrowing facilities.  The gestation side 
is particularly sparse as many of the studies done are for shallow-pit or flush systems, not the deep-pit system 
common in the Midwest.  Accumulation and storage of the manure in a deep-pit system increases the potential 
for NH3, N2O, and CH4 emissions by providing a relatively stable environment for the chemical and biological 
processes that produce these gasses to occur.  The literature for farrowing facility emissions is more 
comparable due to the common manure management practice of shallow-pit systems but is still meager.  
Additionally, many of these studies involved intermittent air sampling, which can struggle to capture the diurnal 
fluctuations of gaseous emissions and can be significantly impacted by short-term weather conditions. 

Therefore, the objective of this study was to quantify emissions of GHG and ammonia from a Midwestern 
production scale breeding/gestation/farrowing facility over a one-year period. This study, when coupled with 
the results from a recent study by Pepple et al. (2011), will begin to establish the baseline GHG and NH3 
emissions data for the entire swine production cycle under Midwestern production conditions.  

 

 

001635



4 
 

Objectives   
 
The goal of this project is to quantify greenhouse gas (GHG) emissions from a production scale swine 
breeding/gestation/farrowing facility located in Central Iowa.  To achieve this goal, the following project 
objectives were developed: 

 Quantify CH4, N2O, and CO2 emissions from the swine facility over a one- year period: 
 -Quantify GHG emissions from a deep-pit breeding/gestation barn (1,800 sows in barn) 
 -Quantify GHG emissions from a deep-pit late gestation barn (1,800 sows in barn) 
 -Quantify GHG emissions from a shallow-pit farrowing barn (360 sows) 
 -Quantify GHG emissions from external manure storage (160 ft. diameter slurry store) 

 Measure stored manure characteristics during the one-year emissions monitoring period 
 

Materials & Methods 

A 4300 sow capacity breeding/gestation/farrowing facility in central Iowa was used in this field monitoring study.  
The facility consisted of one breeding/early gestation barn, one late gestation barn, and two farrowing buildings 
with 9 farrowing rooms each (40 farrowing crates per room).  Two farrowing rooms, designated F1 and F2, 
were selected to be monitored.  The farrowing rooms were each 15.5m x 13.9m (51ft x 45.5ft) with a shallow-
pit system (0.61m deep) that was flushed out after every turn (approx. every 21 days).  Each room utilized two 
0.3m (12 in.) fans, two 0.6m (24 in.) variable speed fans, one 0.91m (36 in.) fan, and one 1.2m (48 in.) fan for 
ventilation with the inlet air drawn from a common hallway.  Each room had 40 farrowing crates and one 66kW 
(225,000 BTU/h) space heater.  Figure 1 shows the monitoring system layout for the farrowing rooms.  Each 
room's exhaust air was sampled in the same manner, i.e., one composite sample being from the shallow-pit 
fans and one composite sample from the lowest stage wall fans. 
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Figure 1. Diagram of Farrowing Rooms F1 and F2 showing air sampling, temperature, static pressure, and 
relative humidity measurement locations. 

 
The breeding/early gestation barn and the late gestation barn, designated as the B/EG and LG Barns, 
respectively, had the same dimensions, ventilation design, and 1800 head capacity.  The barns had 
dimensions of 121.9m x 30.5m (400ft x 100ft) and used mechanical ventilation year-round.  Each barn had 
twelve 0.6m (24 in.) pit fans, fifteen 1.32m (52 in.) endwall fans, 55 bi-directional ceiling inlets, and ten 66 kW 
(225,000 BTU/hr) space heaters.  When necessary, curtains on evaporative cooling pads located on the north, 
south, and east walls were dropped to allow for tunnel ventilation with the cooling effect of the pads.  Each 
barn had a deep-pit (3.05 m) and the manure was pumped out semi-annually, in the fall and spring.  Figure 2 
shows the monitoring system layout for the B/EG and LG Barns.  Exhaust air samples from each barn were 
drawn as a composite from four of the lowest ventilation stage pit fans, and a second sample from the lowest 
stage endwall fans.  The B/EG Barn contained both sows waiting to be bred and gestating sows up to day 40 
of the gestation cycle.  After day 40 the sows were moved to the LG Barn where they were held until ready to 
give birth at which time they were moved into a farrowing room.  The B/EG Barn also received new breeding 
stock and held culled stock until they were hauled off.  As a result, B/EG's population fluctuated somewhat 
while the LG Barn was maintained at capacity.   
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Figure 2. Diagram of B/EG and LG Barns showing air sampling, temperature, static pressure, relative humidity, 

and barometric pressure measurement locations. 

 

A Mobile Air Emissions Monitoring Unit (MAEMU, fig. 3) was used to continuously collect data needed to 
determine emissions from the previously described barns and farrowing rooms.  A detailed description of the 
MAEMU and its operation can be found in Moody et al. (2008).  The MAEMU housed, among other 
measurement and data acquisition equipment, a photoacoustic multi-gas analyzer (INNOVA Model 1412, 
INNOVA AirTech Instruments A/S, Ballerup Denmark) to measure NH3, CO2, N2O, and CH4 concentrations.  
The analyzer was challenged weekly with calibration gasses and recalibrated as needed. 
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Figure 3. The Mobile Air Emissions Monitoring Unit (MAEMU) installed on the monitored B/G/F farm (left), gas 
sampling system (middle), and the Innova 1412 multi-gas analyzer (right). 

 

Air samples were drawn for 120 s from each location.  This corresponded to four 30-s measurement cycles of 
the analyzer.  The fourth measurement value was taken as the exhaust air pollutant concentration.  The 120 s 
sampling period corresponded to the T98 response time of 120 s for the analyzer.  Samples were drawn from 
the 8 in-house locations and 1 outside location to provide ambient background data.  Samples were drawn 
from each in-house location every 16 min (2 min per location) with the outside air being sampled every two 
hours for 6 min. The outside location can be seen in Figure 2 on the north side of LG Barn.  Pit fan sampling 
ports were located below the slats/floor directly under each fan.  Wall fan sampling ports were located 
approximately 1.0 m (3.28 ft) in front of each wall fan (fig. 4).  The sample port locations were chosen to best 
represent the exhaust air leaving each barn/room.  Each sample line contained three consecutive in-line filters 
(60, 20, 5 µm) to prevent particulate matter from entering and plugging/damaging sample lines, pumps, valves, 
and the gas analyzer. The MAEMU utilized a positive-pressure gas sampling system to minimize potential 
infusion of unwanted air to the sample line.  All pumps and sample lines were checked weekly for leaks and 
blockages.  All sample lines were protected from moisture condensation by using temperature-controlled 
resistive heat tape or trace.  

All fans at the facility had single speed except for the 0.6m (24 in) wall fans in the farrowing rooms, which had 
variable speed.  The fans were calibrated in situ at multiple operating points (i.e., static pressure) to develop a 
performance curve for each fan at the start of the project.  This calibration was performed with a Fan 
Assessment Numeration System (FANS) (Gates et al. 2004) and every 6 months approximately 20% of the 
fans are measured again to check for performance drift (fig. 4). For the variable speed fans (0.6m wall fans in 
F1 and F2), the performance curve was derived as a function of static pressure and fan speed (revolutions per 
minute, RPM).  For the single speed fans (all other fans) the performance curve was derived as a function of 
static pressure.  The on/off status of each fan was monitored continuously by an inductive current switch on the 
each fan motor's power cord (Muhlbauer et al. 2011) with its analog output connected to the data acquisition 
system.  The speed of the variable speed fans was measured by Hall Effect speed sensors (GS100701, 
Cherry Corp, Pleasant Prairie, WI).  Static pressure sensors were located near the south wall of each farrowing 
room and near the middle of the north and south walls in B/EG and LG Barns.   
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Figure 4. Examples of exhaust air sampling ports (left & middle) and the in-situ ventilation fan calibration device 
used to determine air flow rate of the exhaust fans (right).  

 

The external manure storage vat had a diameter of 48.8m (160 ft) and a depth of 4.57m (15 ft), but 
management did not allow manure depth to exceed 3.05m (10 ft).  Manure originated in the farrowing rooms 
and was added every day from the farrowing rooms that were being weaned.  The vat was pumped twice a 
year, in the fall and spring.  A dynamic flux chamber system was developed similar to the one used by 
Acevedo et al. (2009).  The chamber was floated on the vat manure surface for a range of ambient conditions 
and gas concentrations were measured with an Innova 1412 photoacoustic analyzer.  Figure 5 shows the 
monitoring system with the floating dynamic flux chamber.   

 

 

Figure 5. External manure storage monitoring system (left) and floating dynamic flux chamber on the manure 
storage surface (right) 
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Results   

 
Ammonia (NH3) and GHG (CO2, CH4, N2O) Emissions from the Barns and Rooms 
 
The daily emission rates of ammonia and the greenhouse gasses for the B/EG and LG Barns are shown in Figure 6 in kg 
per barn per day.  The daily emission rates for F1 and F2 Rooms are shown in Figure 7 in kg per room per day.   

 

 
   (a)                 (b) 

 
   (c)               (d) 

Figure 6: Daily emission data for deep-pit breeding/early gestation (B/EG) and late gestation (LG) barns for 
January 2011-June 2012 in kg/(barn-day), (a) ammonia, (b) carbon dioxide, (c) nitrous oxide, (d) methane 
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   (a)               (b) 
 

 
   (c)             (d) 

Figure 7: Daily emission data for shallow-pit farrowing rooms 1 and 2 (F1 & F2) for January 2011-June 2012 in 
kg/(room-day), (a) ammonia, (b) carbon dioxide, (c) nitrous oxide, (d) methane 

 

 
A summary of the monitoring period and results is shown in Table 2 with each barn/room’s population, 
ventilation rate, and gaseous emission rate on a gram per day per animal unit (1 AU = 500 kg live weight) 
basis.   
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Table 2. Mean (SD) gaseous emission rates (g/d-AU) of the two monitored breeding/gestation barns and two 
monitored farrowing rooms (AU = animal unit = 500 kg body mass) 

Barn or Room* 
# of Days 
Monitored 

# Pigs 
or 

Crates 

VR (m
3
/hr-

pig) 

Gaseous Emission Rate (g/d-AU) 

NH3 CO2 N2O CH4 

B/EG 459 1652 
106.35 33.1 7723 1.0 274 

(74.8) (7.1) (1821) (0.4) (80.3) 

LG 459 1800 
119.89 34.2 8075 0.2 260 

(81.1) (7.7) (1859) (0.3) (89.9) 

F1 459 40 
376.37 80.1 22300 0.8 118 

(244.2) (35.1) (11180) (1.2) (49.5) 

F2 459 40 
380.26 73.6 21767 0.8 152 

(283.6) (30.0) (10627) (1.2) (63.8) 

Farrowing Room Average 
378.32 76.9 22034 0.80 135 

(263.89) (32.6) (10904) (1.2) (56.7) 

* B/EG = breeding and early gestation; LG = late gestation; F1, F2 = farrowing room 1 and 2  

 
 
A summary of each turn’s duration, average litter size at weaning, and average weaned piglet weight is 
provided in Table 3.  Another way to look at the emissions from the farrowing rooms is on a cumulative per turn 
basis.  Figure 8 shows the cumulative emissions of each constituent per turn and the running average per turn. 
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Table 3.  Summary of farrowing production with turn duration, average weaned litter size, and average 
weaned weight for rooms F1 and F2 

 

 
F1 

 
F2 

Turn 
Weaning 

Date 

Turn 
Length 
(days) 

Ave. Litter 
Size 

Ave. Weaned 
Weight (kg) 

 

Weaning 
Date 

Turn 
Length 
(days) 

Ave. 
Litter 
Size 

Ave. 
Weaned 

Weight (kg) 

1 2/1/11 21 10.1 5.81 
 

2/3/11 23 10.2 6.01 

2 2/23/11 22 10.0 5.62 
 

2/24/11 21 11.0 5.57 

3 3/17/11 22 10.4 5.45 
 

3/18/11 22 10.7 5.14 

4 4/8/11 22 10.8 5.61 
 

4/11/11 24 10.3 5.46 

5 4/29/11 21 10.3 5.68 
 

5/2/11 21 10.9 5.89 

6 5/23/11 24 10.7 5.08 
 

5/24/11 22 10.7 5.75 

7 6/14/11 22 10.8 5.70 
 

6/15/11 22 10.8 5.05 

8 7/4/11 20 10.4 5.85 
 

7/6/11 21 11.0 5.67 

9 7/26/11 22 10.2 5.44 
 

7/27/11 21 9.7 5.28 

10 8/16/11 21 9.9 6.05 
 

8/17/11 21 9.9 5.70 

11 9/6/11 21 10.1 5.80 
 

9/7/11 21 10.2 5.85 

12 9/29/11 23 9.5 6.45 
 

9/30/11 23 10.4 5.66 

13 10/27/11 28 10.5 5.74 
 

10/28/11 28 10.5 5.77 

14 11/15/11 19 9.7 5.94 
 

11/16/11 19 10.2 5.83 

15 12/9/11 24 9.6 6.01 
 

12/12/11 26 9.7 6.00 

16 1/2/12 24 9.9 5.90 
 

1/3/12 22 9.9 6.11 

17 1/26/12 24 10.3 5.89 
 

1/27/12 24 10.7 5.16 

18 2/17/12 22 9.9 5.90 
 

2/20/12 24 10.1 5.81 

19 3/12/12 24 10.2 6.06 
 

3/13/12 22 10.5 6.41 

20 4/3/12 22 10.6 5.55 
 

4/4/12 22 10.3 5.65 

21 4/23/12 20 10.2 6.03 
 

4/24/12 20 9.9 5.57 

22 5/10/12 17 10.2 5.58 
 

5/11/12 17 10.2 5.64 

23 5/30/12 20 10.6 6.16 
 

5/31/12 20 10.3 5.78 

24 6/18/12 19 10.4 5.61 
 

6/19/12 19 10.1 5.42 

Average 22 10.2 5.79 
  

22 10.3 5.66 
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(a) 

 
(b) 
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(c) 

 
(d) 

Figure 8. Cumulative emissions per farrowing turn for F1 and F2 of (a) ammonia, (b) carbon dioxide, (c) nitrous oxide, and (d) methane
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Ammonia (NH3) and GHG (CO2, CH4, N2O) Emissions from the External Manure Storage  

Figure 9 shows emission rates from the external manure storage as measured by the dynamic 
flux chamber at an air exchange rate of 30 air changes per hour (ACH).  The emissions rates 
were correlated to the average daily ambient temperature, which allowed the flux values to be 
extrapolated for the entire monitoring period.  Table 4 shows the resulting average daily 
emission rate from external storage based on the measured ambient temperatures during the 
monitored period.  Table 4 also shows the average daily emissions from the farrowing barns, 
the LG Barn, and the B/EG Barn in kg/day along with the percentage of daily emissions each 
source is responsible for.   

 
(a)                                                                       (b) 

 
(c)                                                              (d) 

Figure 9. Average emission rates for (a) ammonia, (b) carbon dioxide, (c) nitrous oxide, and (d) 
methane from external manure storage measured with dynamic flux chamber at 30 air changes 

per hour. 
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Table 4. Average daily emission rates and percentage of whole farm emissions for external 
manure storage, farrowing barns, LG Barn, and B/EG Barn 

Source 
 

NH3 CO2 N2O CH4 

B/EG Barn 
kg/day 22.0 4810 0.07 180 

% Farm Emissions 36.1% 33.9% 32.1% 35.5% 

LG Barn 
kg/day 25.6 5671 0.01 187 

% Farm Emissions 42.0% 40.0% 5.3% 37.0% 

Farrowing Barns 
kg/day 12.2 3490.1 0.1 21.3 

% Farm Emissions 20.0% 24.6% 62.2% 4.2% 

External Storage 
kg/day 1.1 221 0.001 118 

% Farm Emissions 1.9% 1.6% 0.3% 23.2% 

 
 
Stored Manure Characteristics during the Emissions Monitoring Period 
Table 5 shows the constituent concentrations, physical and chemical characteristics of the 
manure samples collected from the B/EG Barn, LG Barn, F1 Room, F2 Room, and the external 
manure storage.  Samples were collected monthly from the B/EG and LG Barn and the external 
storage.  Samples from F1 and F2 were collected at the end of each farrowing turn.  Samples 
were shipped to an external laboratory for analysis. 
 

Table 5. Average values of manure properties for monthly samples from B/EG Barn, LG Barn, F1 
Room, F2 Room, and the external manure storage 

Manure Property B/EG Barn LG Barn F1 Room F2 Room Storage 

Ammonium Nitrogen, ppm 2209  2142  1955  1821  2008  

Organic Nitrogen, ppm 1110  553  703  500  1200  

Total Nitrogen, ppm 3319  2695  2655  2321  3208  

Phosphorus, ppm 2422  1061  906  509  2744  

Potassium, ppm 1457  1541  1737  1670  1972  

Sulfur, ppm 305  206  266  249  361  

Calcium, ppm 1396  527  644  401  1749  

Magnesium, ppm 498  190  234  141  608  

Sodium, ppm 356  339  362  330  418  

Copper, ppm 10  2  2  1  15  

Iron, ppm 119  37  34  20  132  

Manganese, ppm 16  7  5  3  19  

Zinc, ppm 57  17  12  7  80  

Total Solids, % 2.7% 2.2% 1.7% 1.5% 2.7% 

Volatile Solids, % 57.9% 55.9% 64.3% 62.7% 60.8% 

pH 8.15 8.32 7.88 7.85 8.12 
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Discussion 

The results of this study to date indicate that gaseous emission rates from the Midwest swine 
breeding, gestation and farrowing facility are possibly higher than the current literature values in 
all cases except for CH4 emissions from the farrowing rooms.  Zhu et al. (2000) measured NH3 
emissions from several swine facilities in Minnesota, including a deep-pit gestation and deep-pit 
farrowing building.  The gestation building had an emission rate of 0.007 to 0.014 g/h-m2, which 
when scaled to the B/EG and LG barns gave a range of 0.76 to 1.52 kg/d-barn.  This is far 
below the measured 25.6 and 22.0 kg/d-barn from this study.  For the farrowing barns, Zhu et al. 
reported a range of 0.01 to 0.18 g/h-m2, which would scale to 0.36 to 0.93 kg/d-room.  This was 
again lower than the measured 1.32 and 1.26 kg/d-room for F1 and F2. Zhang et al. (2007) 
measured GHG emissions from two mechanically ventilated farrowing farms.  The farrowing 
barns followed the same 3-week pit-flushing period as used for F1 and F2.  Emission rates of 
CH4 ranged from 73 to 351 g/d-AU, encompassing the measured emission rates of 118 and 152 
g/d-AU of our current study.  Zhang et al. also reported CO2 emission rates of 16.6 and 11.6 
kg/d-AU, which were lower than the measured 22.3 and 21.8 g/d-AU emission rates in the 
current study.  Zhang et al. did not measure any significant N2O emissions, while the emissions 
from the farrowing rooms 1 and 2 averaged 0.8 and 0.8 g/d-AU.   
 
The higher emission rates are likely due to this facility being a deep-pit system for the B/EG 
Barn (breeding and early gestation) and the LG Barn (late gestation) and the nearly continuous 
sampling employed in this study as compared to the intermittent sampling used in the literature 
studies.  The high variability of emission rates from day to day and the significant diurnal 
changes in both gas concentrations and ventilation rates stress the importance of developing 
and verifying a less labor and cost intensive system for quantifying barn-level emissions.   
 
For cumulative farrowing emissions on a per turn basis, ammonia and carbon dioxide emissions 
seem to have an inverse correlation to ambient temperature.  Nitrous oxide emissions seem to 
be positively correlated to ambient temperature.  Methane emission does not show any clear 
relationship to ambient temperature.  The increase in carbon dioxide emissions with decrease in 
temperature is partially explained with the increased heater usage and possibly increase in feed 
intake under colder climate.   
 
When the external manure storage and farrowing barn emissions are compared, the manure 
storage is the main methane emission source (85% of total farrowing emissions), but a small 
source of ammonia (8.5%), carbon dioxide (6%), and nitrous oxide (5%) emissions.  When 
compared to the whole farm emissions, the external manure storage was responsible for 23% of 
the methane, 1.9% of ammonia, 1.6% of carbon dioxide, and 0.3% of nitrous oxide emissions. 
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Swine manure is associated with emissions of odor, volatile 
organic compounds (VOCs) and other gases that can aff ect 
air quality on local and regional scales. In this research, a solid 
phase microextraction (SPME) and novel multidimensional gas 
chromatography–mass spectrometry–olfactometry (MDGC-
MS-O) system were used to simultaneously identify VOCs 
and related odors emitted from swine manure. Gas samples 
were extracted from manure headspace using Carboxen/
polydimethylsiloxane (PDMS) 85-µm SPME fi bers. " e 
MDGC-MS-O system was equipped with two columns in series 
with a system of valves allowing transfer of samples between 
columns (heartcutting). " e heartcuts were used to maximize 
the isolation, separation, and identifi cation of compounds. " e 
odor impact of separated compounds was evaluated by a trained 
panelist for character and intensity. A total of 295 compounds 
with molecular weights ranging from 34 to 260 were identifi ed. 
Seventy one compounds had a distinct odor. Nearly 68% of 
the compounds for which reaction rates with OH·radicals are 
known had an estimated atmospheric lifetime <24 h.

Simultaneous Chemical and Sensory Characterization of Volatile Organic Compounds and Semi-
Volatile Organic Compounds Emitted from Swine Manure using Solid Phase Microextraction and 
Multidimensional Gas Chromatography–Mass Spectrometry–Olfactometry
Yin-Cheung M. Lo, Jacek A. Koziel,* Lingshuang Cai, Steven J. Ho! , William S. Jenks, and Hongwei Xin Iowa State University

S  are sources of aerial emissions of odors, volatile 
organic compounds (VOCs), particulate matter, and other gases 

including NH3, H2S, and methane (NRC, 2003). Several research 
groups have investigated odor emissions from swine operations 
(Jacobson et al., 2003; Lim et al., 2003). " e main source of malodor 
is microbial degradation in the anaerobic environment of manure 
storage. A number of studies have been conducted to identify 
compounds emitted from swine manure. However, a limited number 
of studies have attempted to determine the relationship between 
VOCs and corresponding odor. Schaefer (1977) identifi ed 20 VOCs 
from liquid swine manure. More than 30 VOCs were identifi ed 
as being responsible for malodor in fresh and rotten swine manure 
in the research conducted by Yasuhara et al. (1984). Twenty fi ve 
odorous compounds were identifi ed by Kai and Schafer (2004). Zahn 
et al. (1997) and Clanton and Schmidt (2000) have also reported 
recognition and identifi cation of odorous VOCs from swine manure. 
To date, Schiff man et al. (2001) has by far the most comprehensive 
list of VOCs and fi xed gases in air around swine production facilities 
that has been published with 324 compounds being tentatively 
identifi ed. Comparison of sampling locations, methods, and VOCs 
related to swine manure and swine operations is presented in Table 1.

Volatile organic compounds identifi ed in and around swine opera-
tions can be classifi ed into diff erent chemical groups including acids, 
alcohols, aldehydes, amines, volatile fatty acids (VFAs), hydrocarbons, 
ketones, indoles, phenols, nitrogen-containing compounds, sulfur-
containing compounds, and other compounds (Schiff man et al., 
2001). " us, the chemical and sensory characterization of these com-
pounds is quite challenging due to the wide range of physicochemical 
properties. Organic compounds with molecular weights from C2 to 
C9 were recognized as having the most impact to air quality at swine 
operations (Zahn et al., 1997). " e boiling point (BP) of the key 
odorous VOCs such as indoles and VFAs ranged from less than 10°C 
to greater than 250°C and vapor pressures (VP) ranged from less than 
10 Pa to greater than 100,000 Pa (Willig et al., 2004). Published 
detection thresholds (DTs) of VOCs identifi ed in and around swine 

Abbreviations: BP, boiling point; DT, detection threshold; FID, ! ame ionization 
detector; GC, gas chromatograph; HAP, hazardous air pollutant; HC, heartcut; 
HS, headspace; MSD, mass selective detector; O, olfactometry; PDMS, 
polydimethylsiloxane; RT, column retention time; SPME, solid phase microextraction; 
TIC, total ion chromatogram; VOC, volatile organic compound; VP, vapor pressure.
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operations in North Carolina ranged from greater than 100 µL L–1 
to less than 0.001 µL L–1 (Schiff man et al., 2001). Large uncertain-
ties are associated with published DTs (Devos et al., 1990; AIHA, 
1989; Rychlik et al., 1998). For many compounds, the estimates of 
DTs continue to be adjusted or are not known.

Sample collection methods include the use of sorbent traps 
(e.g., Tenax, Tenax-TA), Tedlar bags, whole air sampling, and solid 
phase microextraction (SPME). Several standard methods based 
on sorbent tubes (USEPA TO-17) and whole canisters (USEPA 
TO-15) were developed for VOCs in ambient air in typical urban 
and less polluted rural environments (Woolfenden and McClenny, 
1999; McClenny and Holdren, 1999). However, no standard 
method is available for odor-causing VOCs in livestock environ-
ments. " is is because these compounds are often polar and 
reactive, can undergo reactions with themselves and interact with 
sampling lines and containers, and can be aff ected by the presence 
of moisture (Keener et al., 2002; Koziel et al., 2005). " us, it has 
been challenging to develop robust sampling and analysis methods 
for these compounds. Some have attempted to modify existing 
TO-15 and TO-17 to sample the VOCs in and around swine op-
erations (Schiff man et al., 2001; Zahn et al., 2001; Blunden et al., 
2005). However, caution should be exercised when standard meth-
ods are modifi ed for other compounds. SPME is an alternative for 
air sampling (Pawliszyn, 1997; Koziel and Pawliszyn, 2001).

SPME combines sampling and sample preparation into one 
step, reducing the sampling/sample preparation time. No solvent 
or pump is needed with SPME, and it is a reusable sampling tech-
nique suitable for laboratory and fi eld work. SPME extractions 
are facilitated on a polymeric coating that has a high affi  nity for 
organic compounds. One potential useful characteristic of SPME 
fi bers is that the polymeric coatings used are not aff ected by the 
presence of moisture when long sampling times are used (Miller 
and Woodbury, 2006). SPME has been used for sampling of 
volatile compounds in air (Koziel and Pawliszyn, 2001; Begnaud 
et al., 2003). Quantitative sampling of airborne compounds such 
as alkanes, aromatic hydrocarbons, and formaldehyde is possible 
with SPME (Martos and Pawliszyn, 1997; Martos and Pawliszyn, 
1997; Koziel and Pawliszyn, 2001; Koziel et al., 2001). Larreta et 

al. (2006) quantifi ed VOCs in cow slurry and Cai et al. (2007) 
used SPME to evaluate the eff ectiveness of zeolite to control VOCs 
and odors emissions from poultry manure. To date, relatively little 
progress has been made with SPME applications for the quantifi ca-
tion of odorous gases in and around livestock operations. However, 
SPME has been useful for qualitative characterization and screen-
ing of livestock gases. Sampling of livestock VOCs and odorants 
with SPME has been used to characterize swine dust odorants (Cai 
et al., 2006), downwind odor impact of beef cattle feedlots (Wright 
et al., 2005), and downwind odor impact of swine fi nisher opera-
tions (Bulliner et al., 2006; Koziel et al., 2006).

Gas Chromatography–Olfactometry (GC-O)
Gas chromatography coupled with a fl ame ionization detector 

(FID) is often used for chemical separation and analysis of VOCs 
emitted from livestock operations (Schiff man et al., 2001; Begnaud 
et al., 2003; Kai and Schafer, 2004). " e addition of a sniff  port 
enables simultaneous chemical and olfactometry analysis of live-
stock odor (Kai and Schafer, 2004; Wright et al., 2005; Cai et al., 
2006). To date, most GC-O applications are related to agriculture, 
food chemistry, and the consumer products industry. Another op-
tion is to combine olfactometry with GC-mass spectrometry (MS) 
for compound identifi cation (Pollien et al., 1997). Cai et al. (2006) 
reported partitioning of odorants to various fractions of swine dust. 
Koziel et al. (2006) used GC-MS-O to analyze air samples down-
wind from swine fi nisher barns. Separation of livestock VOCs is 
typically accomplished on a single-column GC. However, a single 
column does not always have the capability to completely separate 
a complex air sample. " us, multidimensional GC provides a new 
powerful way to resolve the complex livestock air.

Multidimensional Gas Chromatography
Multidimensional GC (MDGC) utilizing multiple columns 

represents the state-of-the-art refi nement for the separation of 
VOCs and semi-VOCs. Most compounds emitted from live-
stock manure are polar and many characteristic odorants are 
semi-volatile. " e use of a single column without enough resolu-
tion power may result in incomplete chromatographic separa-

Table 1. Comparison of analytical methods used to characterize volatile organic compounds (VOCs) emitted from swine operations.

References Sample type Methodology† Odor detection
No. of compounds 

identi! ed

Schaefer, 1977 Liquid swine manure GC-MS human assessments 10 VOCs
Yasuhara et al., 1984 Fresh and rotten swine manure GC-MS 

(packed column)
GC-FID with sni"  port 31 compounds

Zahn et al., 1997 Air samples around swine facilities GC-MS, GC-FID n/a‡ 27 VOCs
Yo, 1999 Swine wastewater SPME-GC/MS n/a 10 fatty acids
Clanton & Schmidt, 2000 Headspace of stored swine and dairy manure; and air inside 

swine buildings
GC, Jerome meter dynamic olfactometry 20 sulfur-containing 

   compounds
Schi" man et al., 2001 Air and lagoon wastewater at swine operations GC/MS, GC/FID, 

   GC/FPD
dynamic olfactometer,
   human assessments

324 VOCs

Begnaud et al., 2003 Swine manure headspace and air inside animal housing 
facilities

SPME-GC-MS n/a 101 compounds

Kai and Schafer, 2004 Pig house air GC-MS GC-O 17 compounds (GC-MS);
    25 compounds (GC-O)

Blunden et al., 2005 Air samples from areas included lagoons, ventilation fans, 
and upwind/downwind of swine facilities

GC-MS, GC-FID n/a 17 sulfur-containing 
   compounds

† GC-MS, gas chromatography–mass spectroscopy; GC-FID, gas chromatography–! ame ionization detection; SPME-GC, solid phase microextraction–
gas chromatography.
‡ n/a = not available.
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tion. Co-elution of two or more compounds is a 
critical obstacle in GC analysis (Bertsch, 1999) and 
it is even more critical for odor characterization. To 
date, conventional MDGC with heartcut (HC) has 
been used in the tobacco industry, the petroleum 
industry, and in food chemistry studies. Recently, 
the multidimensional gas chromatography–mass 
spectrometry–olfactometry (MDGC-MS-O) ap-
proach was used to analyze complex odorous sam-
ples from swine operations (Bulliner et al., 2006).

" e overall objective of this research was to iden-
tify and characterize VOCs emitted from swine ma-
nure using SPME and MDGC-MS-O. To date, no 
study related to VOCs emitted from livestock opera-
tions has been conducted using the MDGC-MS-O 
system. " e advantage of using MDGC-MS-O is 
the enhanced VOC separation and the simultaneous 
odor identifi cation. It is critical to characterize swine 
manure VOCs and malodorous gases to improve 
the understanding of the environmental impact of 
swine operations. " is knowledge is also needed to 
develop and evaluate odor and gas mitigation strate-
gies and technologies.

Materials and Methods
Manure samples were collected from the nursery pit, the fi nish-

er pit and the outside storage pit at the Swine Nutrition and Man-
agement Research Farm (Ames, IA). Manure samples were then 
transported to the laboratory and dispensed 15 mL into 40 mL 
screw-capped vials with a polytetrafl uoroethylene (PTFE)-lined 
silicone septum (Supelco, Bellefonte, PA). All vials were stored in a 
fume hood at room temperature up to 4 d before sampling.

Sampling and Sample Preparation of Swine Manure 
Headspace with Solid Phase Microextraction

Four commercially available SPME fi bers, including Carboxen/
PDMS 85 µm, PDMS 100 µm, Polyacrylate 85 µm, and PDMS/
DVB 65 µm (Supelco, Bellefonte, PA), were fi rst used to select the 
most effi  cient fi ber coating in extracting VOCs and semi-VOCs 
emitted from swine manure. All SPME fi bers were used for extract-
ing headspace samples from replicates. All fi bers were conditioned 
before fi rst use according to the manufacturer’s instruction. SPME 
fi bers were inserted into each vial through the septum exposing 
the SPME fi ber to the vial headspace. Preliminary experiments 
were conducted to determine the optimal SPME sampling time. 
Exposure times between 10 s and 24 h were examined. " e num-
ber of compounds and the intensity of odor events increased with 
sampling time. " us, samples with longer extraction times had a 
greater potential to reveal new compounds and odors. For practical 
reasons, a 24 h SPME extraction at room temperature was selected. 
It was assumed that long storage simulated anaerobic environment 
associated with higher malodor. With each extraction, the SPME 
fi ber was removed immediately from the vial and was inserted into 
the GC injection port for analysis. All GC injector conditions were 
the same as reported in Cai et al. (2006).

Analyses of Swine Manure Headspace Samples 
with Multidimensional Gas Chromatography–Mass 
Spectrometry–Olfactometry

Simultaneous chemical and sensory analyses of gases emitted 
from swine manure were completed using the MDGC-MS-O 
(Microanalytics, Round Rock, TX) system. " e system GC–
MS-O components, the software, and basic GC oven programs 
are described in detail in Cai et al. (2006). " e GC was oper-
ated in a constant pressure mode where the mid-point pressure, 
i.e., pressure between pre-column and analytical column (Fig. 
1), was always at 5.8 psi and the HC sweep pressure was 5.0 
psi. Multidimensional capability was used for better separa-
tion of gases and odors of compounds associated with swine 
manure. " e MDGC-MS-O system was capable of working in 
three modes, i.e., GC-FID only, GC-FID-O, and GC-MS-O. 
" e MultiTrax (Microanalytics, Round Rock, TX) software was 
used to control the timing of valves and HC for each mode.

Heartcut is as a fraction of a sample “cut” from the non-polar 
pre-column and transferred to the polar column with a Dean’s 
switch between the two columns. Compounds were further sepa-
rated on the polar column and then simultaneously analyzed on 
the mass selective detector and the sniff  port. When the HC valve 
was opened (GC-MS-O mode), the gas sample was transferred 
from the pre-column into the polar column. When the HC valve 
was closed (GC-FID or GC-FID-O modes), the sample was 
not transferred into the polar column. Compounds were further 
separated on the polar analytical column and then simultaneously 
analyzed on the mass selective detector (MSD) and by the panelist 
at the sniff  port. Only one trained panelist was responsible for odor 
determination throughout the entire study. A series of 30-s-wide 
HCs starting from 0.05 to 24 min (e.g., 0.05 min–0.5 min, 0.5 
min–1 min, and so on) were used to methodically expand the 

Fig. 1. Schematic of multidimensional gas chromatography–mass spectrometry–
olfactometry (MDGC-MS-O).
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chromatographic separation and enhance identifi cation of new 
compounds. " e total number of separate HCs was therefore 48.

Data Analysis and Interpretation
" ree sets of signals were generated for each sample including 

the total ion chromatogram (TIC), the FID signal, and the aro-
magram (Bulliner et al., 2006). Data were analyzed using the Aro-
maTrax, BenchTop/PBM (Palisade Corp., Ithaca, NY) and MSD 
ChemStation (Agilent Inc., Wilmington, DE) software as well as 
information from the NIST library (NIST, 2005). Compounds 
recorded in TICs for each HC were recognized and identifi ed ac-
cording to criteria: match of sample mass spectrum, retention time, 
and odor. Based on the recorded odor events, TIC were analyzed 
around the time in which the odor event began and the compound 
responsible for the odor was recognized. Whenever feasible, com-
pounds were positively identifi ed by matching the retention time 
and its mass spectra with that of a pure standard (Sigma-Aldrich, 
St. Louis, MS). Odor character related to a particular compound 
was recorded and compared with the odor databases at LRI & 
Odour Database (2005) and Flavornet (Acree and Arn, 2004).

Physicochemical properties for the identifi ed compounds 
were selected to better characterize compounds emitted from 
swine manure. " ese physical and chemical properties in-
cluded carbon number, BP, VP, water solubility (S), Henry’s 
law constant (Hc), octanol-water partitioning coeffi  cient (log-
Kow), atmospheric lifetime (!), and the liquid- and gas-phase 
molecular diff usion coeffi  cient (Dl and Dg, respectively). Ex-
amination of these properties is useful to develop air sampling 
methods and to model a chemical’s fate once emitted from 
manure. Recently, the reactivity of VOCs released from live-
stock operations has been of interest to many researchers and 
regulatory agencies. In this research, ! was estimated based on 
the reaction with OH radicals using the following formula:

[ ]
1
OHk

!=
× "  [1]

where k is a rate constant at 298 K (cm3 molecule–1sec–1) and 
[OH·] is an average atmospheric OH concentration of 1.0 × 
106 molecule cm–3. Values of k were obtained from Syracuse 
Research Corporation (2004) and ranged from 0 (H2S) to 2.27 
E-10 (Tropex). " e estimation of Dg was more accurate using 
the Wilke and Lee method (Lyman, 1982). " e estimation of 
Dl was made using the Hayduk and Laudie method (Lyman, 
1982). Detection threshold for odor was based on Devos et al. 
(1990), AIHA (1989), and Rychlik et al. (1998).

Results and Discussion
Selection of Solid Phase Microextraction Fiber Coating

Four commercially available SPME fi bers (85 µm Carboxen/
PDMS, 100 µm PDMS, 85 µm Polyacrylate, and 65 µm PDMS/
DVB) were used for selecting the most effi  cient coating. All four 
fi bers were exposed to manure headspace for 24 h. Comparison of 
chromatograms obtained in GC-FID mode showed that all four 
SPME fi bers were very effi  cient. However, the Carboxen/PDMS 

85 µm coating was capable of extracting compounds in a wide 
range of column retention times (RTs) from very volatile to semi-
volatile compounds (Lo, 2006). " e Carboxen/PDMS 85 µm 
coating was more effi  cient in extracting very volatile compounds 
eluting with RTs up to 8 min. " e second most effi  cient fi ber in 
this region was the PDMS/DVB 65 µm, followed by the Polyac-
rylate 85 µm and the PDMS 100 µm coatings, respectively. Both 
the Carboxen/PDMS 85 µm and the PDMS/DVB 65 µm were 
also very effi  cient for midrange VOCs eluting between 8- and 23-
min RT. " e PDMS 100 µm and the PDMS/DVB 65 µm were 
the most effi  cient for semi-VOC compounds eluting later than 23 
min. " ese observations were consistent with general guidelines for 
fi ber selection (Pawliszyn, 1997).

Comparison of TIC signals of air samples collected in head-
space of swine manure with four SPME fi ber coatings and ana-
lyzed using the MDGC-MS-O mode was then completed (Lo, 
2006). " e identical 30 s heartcut between 11 and 11.50 min 
representing midrange volatility compounds was selected where 
all four fi bers were expected to be very eff ective (Pawliszyn, 1997). 
" e Carboxen/PDMS 85 µm coating was the most effi  cient in ex-
tracting the largest number of detectable (above the TIC baseline) 
compounds. " e number of compounds identifi ed with the same 
detection criteria were 9, 6, 6, and 3 for the Carboxen/PDMS 85 
µm, PDMS/DVB 65 µm, PA 85 µm, and the PDMS 100 µm 
fi ber coating, respectively. Also, no additional compounds were 
found in the TICs collected with SPME fi bers other than those 
collected with the Carboxen/PDMS 85 µm coating.

" e use of diff erent SPME fi ber coatings and its eff ects 
on odor were also examined. " e comparison of aromagrams 
of air samples collected with four SPME fi ber coatings and 
analyzed in the MDGC-MS-O mode resulted in concluding 
that the Carboxen/PDMS 85 µm coating was more eff ective 
in capturing odorous compounds. " e number of odor events 
recorded using AromaTrax were 7, 4, 4, and 2 for Carboxen/
PDMS 85 µm, PDMS/DVB 65 µm, Polyacrylate 85 µm, and 
the PDMS 100 µm fi ber coating, respectively. In addition 
to number of odor events detected, odor intensity and odor 
event area were also compared (Lo, 2006). Odor event areas 
were calculated by the software using the following equation:

Odor event area = odor duration × odor intensity × 100 [2]

where odor duration = odor event end time – event start time.
Carboxen/PDMS 85 µm and PDMS/DVB 65 µm coatings 

had the highest average odor intensities (22.3 and 22.8%, respec-
tively), while Polyacrylate 85 µm coating ranked third (14.25%) 
and the PDMS 100 µm fi ber coating yielded the lowest odor 
intensity recorded (7.5%). Among these four diff erent SPME coat-
ings, the Carboxen/PDMS 85 µm coating had the highest total 
peak area count while the PDMS 100 µm coating ranked last. Car-
boxen-containing coatings were very effi  cient in extracting VFAs 
and sulfur compounds. Fibers with a divinylbenzene (DVB) phase 
were generally more effi  cient in extracting phenolics.

Based on the comparison of both the chemical and olfac-
tometry data analysis, Carboxen/PDMS fi ber coating was the 
most eff ective coating for VOCs/semi-VOCs extraction in 
terms of number of compounds extracted (both in GC-FID 
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mode and MDGC-MS-O mode), number of odor events 
recorded, odor intensity, and odor event peak area count. 
" erefore Carboxen/PDMS 85 µm coating was selected for 
subsequent extractions of gases from swine manure headspace.

Solid Phase Microextraction Replications
" ree replications of the same 30-s-wide HC using three diff er-

ent Carboxen/PDMS 85 µm fi bers were analyzed using MDGC-
MS-O mode to determine variability between the TIC signals and 
odor events. All three fi bers were exposed to manure headspace for 
24 h under room temperature. Five of the most signifi cant peaks 
from these three replicates were selected for qualitative comparisons 
using peak area integrations with MSD ChemStation. " e relative 
standard deviation (RSD) of the peak area count were 40.7, 20.7, 
27.3, 1.3, and 3.9% for 5-undecene, 1-octanethiol, benzeneetha-
nol, phenol, and 4-methylphenol, respectively. " ese apparent 
variations are likely due to uncontrolled microbial activity in ma-
nure replicates. " ese variations did not have a signifi cant eff ect on 
the detection and identifi cation of compounds.

Aromagrams recorded using AromaTrax from the three rep-
licates analyzed in the MDGC-MS-O mode were compared for 
odor intensities. Seven odor events were consistently detected and 
recorded for the HC 11 to 11.50 min. Average odor intensities 
varied from 11.3 to 29.0% on 100% relative scale. " e RSD for 
these odor intensities varied from 6.0 to 54.4% (mean = 25.2%). 
Besides the variability introduced by the panelist, the results were 
also aff ected by uncontrolled microbial activity and resulting vari-
ability in gaseous emissions in each vial.

" e comparison of both chemical and olfactometry data 
obtained from experiments comparing SPME fi ber coatings and 
comparing the three replicates using the same fi ber coating (i.e., 
Carboxen/PDMS 85 µm) were satisfactory and suitable to ad-

dress the objectives of this research. Identifi cation of compounds 
and their odor character was consistent in all replicates, and 
aroma peaks analysis was consistent in all three replicates, with an 
acceptable variation in odor intensity and peak area count. " ere-
fore Carboxen/PDMS 85 µm SPME fi ber for swine manure 
headspace extractions was selected for all remaining air sampling 
for the chemical and sensory analysis in this research.

Multidimensional Gas Chromatography–Mass 
Spectrometry–Olfactometry

Headspace samples were analyzed with the MDGC-MS-
O mode utilizing 30-s-wide HCs. During those HCs, the 
midpoint valve was opened for only 30 s allowing a narrow 
range of separated compounds from the pre-column to be 
transferred to the analytical column for better separation. An 
example of a 30-s HC is shown in Fig. 2. " e aromagram 
recorded was only for the odors detected from the 30-s-wide 
HC and sent from the pre-column to the polar column. It is 
interesting to note that only 23 odor events were recorded, 
much less than the events from the full HC (Lo, 2006), 
which allowed for easier matching of odor events and chemi-
cal compounds. " e chromatographic separations were im-
proved. Sample background from co-eluting compounds was 
also lower, allowing for improved spectral matches. Note that 
only one panelist was responsible for odor determination in 
this study. If multiple panelists were used, it is natural to ex-
pect some variations related to odor character and intensity 
between panelists due to subjective human response. Discus-
sion of RSDs related to human perception of p-cresol for 
three panelists using MDGC-MS-O was reported by Bulliner 
et al. (2006).

Fig. 2. Comparison of aromagram, " ame ionization detector (FID), total ion chromatogram (TIC) signals with heartcut (HC) between 15.50 and 16.00 min.
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Identi" cation of Volatile Organic Compounds and Semi-
Volatile Organic Compounds

A summary of all compounds identifi ed in swine manure 
headspace is shown in Table 2. Table 2 contains the chromato-
graphic retention time, compound name, the CAS number and 
the heartcut timing for which a compound was fi rst detected. 
Some compounds were identifi ed in several HCs. " is was due 
to the insuffi  cient chromatographic separation on the 12 m non-
polar precolumn where the peaks were often wide. " us, HCs set 
for equal 30-s intervals were transferring them to the column sev-
eral times. It is interesting to mention that the resulting retention 
time of the compound shifted slightly toward longer times if the 
compound was heartcutted from a wide peak. " is was due to 
the change of mid-point pressure during each heartcut. For semi-
VOC, the shift of RTs was greater than the RT shift for VOCs.

Whenever applicable, published or detected odor character 
(CambridgeSoft Corporation, 2006; NIST, 2005), detection 
threshold (Devos et al., 1990; AIHA, 1989; Rychlik et al., 
1998), presented in µL L–1, and estimated atmospheric life-
time (using Eq. [1]) are also presented in Table 2. Odor de-
scriptors recorded by the panelist in this study were presented, 
along with odor descriptors obtained from Flavornet (Acree 
and Arn, 2004) and LRI & Odour Database (2006).

A total of 295 compounds emitted from swine manure were 
identifi ed. " ese compounds can be classifi ed into 12 chemical 
classes with the numbers of compounds in each class, i.e., acids 
(9), alcohols (33), aldehydes (4), aromatics (32), esters (6), ethers 
(10), fi xed gases (2), hydrocarbons (36), ketones (71), nitrogen-
containing compounds (35), phenols (19), and sulfur-containing 
compounds (38). Molecular weights ranged from 34 to 260. 
Of these 295 compounds, 113 were positively confi rmed with 
pure standards. Approximately 25% of the total compounds had 
distinct odor. Approximately 107 compounds had been reported 
in previous studies (Table 1) (Yasuhara et al., 1984; Clanton and 
Schmidt, 2000; Zahn et al., 2001; Schiff man et al., 2001; Begnaud 
et al., 2003; Willig et al., 2004; Kai and Schafer, 2004). " e total 
of 188 compounds was reported here for the fi rst time (Tables 
1 and 2) and 26 of them had a distinct odor. " e diff erence in 
chemical/odor distribution between the three diff erent locations 
(nursery pit, fi nisher pit, and outside storage) where manure was 
collected was not the scope in this study. However, it is reasonable 
to assume that some diff erences in emission rates of the majority 
of VOCs emitted from manure are associated with variables such 
as the diet, manure origin and age, manure management, season, 
and location. Zahn et al. (1997) reported some evidence that there 
is a link between the source and the specifi c VOCs related to swine 
manure. However, more work is needed to provide such chemical 
and odor profi les as a function of aforementioned variables.

To date, the most comprehensive list of VOCs associated with 
swine manure was published by Schiff man et al. (2001) with 
324 compounds listed. However, close inspection of the data 
shows that this list was made based on chemical analysis of swine 
manure and air samples collected around swine operations in 
North Carolina. If only the compounds found in air samples are 
considered, the list is reduced to 251 compounds (Schiff man et 

al., 2001). In this research, a total of 295 compounds were found 
in the headspace of swine manure. In addition, Schiff man et al. 
(2001) quantifi ed 81 compounds based on surrogate calibra-
tions for a subset of 14 compounds only. " ere is no information 
about the number of compounds that were confi rmed with pure 
standards except the listed 14 (for calibrations). In this research, 
113 compounds were positively confi rmed with standards.

Sixteen compounds found in this research are listed as hazard-
ous air pollutants (USEPA, 2002). Note that quantifi cation of 
chemicals emitted from swine manure was not part of the objective 
of this research, thus the concentrations of these 16 compounds 
were not estimated. Future research is warranted to determine 
concentrations, emission rates, and fate of these compounds. " e 
16 compounds classifi ed as hazardous air pollutants (HAPs) were: 
carbon disulfi de, 2-butanone, benzene, 4-methyl-2-pentanone, 
toluene, ethyl-benzene, 1,4-dimethyl-benzene, 1,3-dimethyl-ben-
zene, 1,2-dimethyl-benzene, ethenyl-benzene, naphthalene, quino-
line, phenol, 2-methyl-phenol, and 4-methyl-phenol.

Only 77 compounds identifi ed had DTs published in previous 
studies (AIHA, 1989; Devos et al., 1990; Rychlik et al., 1998). 
Detection thresholds are summarized in Table 2 and Fig. 3 where 
the DTs are presented in a frequency distribution chart with 
ranges from 0.001 nL L–1 to 1 µL L–1. " e majority (?80%) of 
compounds had their DTs between 1 nL L–1 and 1 µL L–1. " e six 
compounds with a DT less than 1 nL L–1 (i.e., most odorous com-
pounds) were 2-bromo-phenol, indole, 2,4-hexadienal, skatole, 
2-chloro-phenol, and 2,6-dimethyl-phenol. Approximately 47% of 
compounds summarized in Fig. 3 had odor character that can be 
considered “off ensive,” 31% had odor character that can be consid-
ered “neutral,” and 22% had “pleasant” odor character. " is sum-
mary was based on the assessment of odor descriptors summarized 
from this research as well as from Flavornet (Acree and Arn, 2004) 
and LRI & Odour Database (2006).

Characterization of Physicochemical Properties of 
Volatile Organic Compounds

Physicochemical properties of VOCs are useful for the com-
prehensive characterization, including analytical methods develop-
ment, measurements, modeling, fate, and development, of emis-
sions abatement approaches. " ese parameters were obtained from 
several databases including the Syracuse Research Corp. (2004), 
NIST WebBook (National Institute of Standard and Technology, 
2005) and CambridgeSoft Corp. (2006), while the gas phase and 
liquid phase diff usion coeffi  cients were calculated based on the 
methods from Lyman (1982). In general, VOCs emitted from 
manure represent very wide ranges of physicochemical properties. 
A summary of all fi ndings was presented by Lo (2006). Approxi-
mately 89% of the compounds identifi ed fell into the category of 
VOCs and semi-VOCs (<12C) (De Nevers, 1995; Peterson, 2005) 
with about 74% within C5 to C10. " e compound identifi ed with 
the highest carbon number was heptadecane (C17H36), and the 
compounds with the lowest carbon number included methane-
thiol (CH4S) and carbon disulfi de (CS2). It is interesting to men-
tion that as many as 31 of the identifi ed compounds (?11%) had 
a carbon number #12. In a straight sense these compounds were 
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Table 2. Summary of compounds identi! ed from swine manure headspace.†

Compound name RT CAS # HC Odor descriptors
Detection 

threshold‡
Estimated 
Tau(OH)§

References¶
1 2 3 4 5 6 7

min min µL L–1 h
Acids
2-Ethyl-hexanoic acid 21.78 149-57-5 11.00–11.50 paint, varnish# x
Acetic acid 13.26†† 64-19-7 1.50–2.00 acidic/sour‡‡/acetic, vinegar# 1.45E-01 x x x x x
Benzenepropanoic acid 31.15 501-52-0 16.00–16.50 balsamic‡‡ 3.89E-03 x
Butanoic acid 16.48†† 107-92-6 4.00–4.50 fatty acid, musty/rancid, cheese, sweat‡‡/

butter, butyric#
1.95E-02 x x x x x x

Isobutyric acid 15.41†† 79-31-2 2.50–3.00 rancid, butter, cheese‡‡ 2.45E-03 x x x x x x
Isovaleric acid 17.16†† 503-74-2 4.50–5.00 fatty acid, foul, sweat, buttery, fecal/aci, 2.45E-03 x x x x x
Pentanoic acid 18.35†† 109-52-4 5.50–6.00 body odor, burnt/sweat‡‡/dirty socks, 

parmesan cheese, sweaty#
4.79E-03 x x x x

Propanoic acid 14.88†† 79-09-4 1.50–2.00 fatty acid, body odor/pungent, rancid, soy‡‡ 0.066§§ x x x x x x
Alcohols
(-)-Lavandulol 18.05 498-16-8 12.00–12.50 sulfury/herb‡‡ 1.89E+00
1-Butanol 6.90†† 71-36-3 1.00–1.50 fruit/medicine, fruit‡‡/! oral, fragrant, sweet# 4.90E-01 3.24E+01 x x x
1-Hexanol 11.48†† 111-27-3 5.00–5.50 grassy, Musty/resin, ! ower, green‡‡ 4.37E-02 2.22E+01 x x
1-Menthol 17.61 2216-51-5 12.00–12.50 Mint/peppermint‡‡/mint# 1.15E+01
1-Methylcyclopentanol 8.91 1462-03-9 2.50–3.00 3.45E+01
1-Pentadecanol 20.20 629-76-5 18.00–18.50 1.24E+01
2-(2-Ethoxyethoxy)-ethanol 16.68 111-90-0 9.50–10.00 4.86E+00 x
2-(Methylthio) ethanol 14.73†† 5271-38-5 4.00–4.50
2,3-dimethyl-2-butanol 6.28 594-60-5 2.00–2.50 3.13E+01
2-Butanol 4.48†† 78-92-2 0.50–1.00 wine‡‡/alcoholic# 1.70E+00 2.89E+01 x x
2-ethyl-1-hexanol 14.48†† 104-76-7 9.00–9.50 Grassy/rose, green‡‡ 2.45E-01 2.10E+01 x x
2-Heptanol 11.05†† 543-49-7 5.50–6.00 Mushroom/melon, mushroom‡‡# 1.96E+01 x
2-Hexanol 7.61 626-93-7 2.00–2.50 7.41E-01 2.30E+01
2-Methyl-1-pentanol 10.40†† 105-30-6 4.00–4.50 7.76E-02 2.78E+01
2-Methyl-2-pentanol 6.25†† 590-36-3 1.50–2.00 pungent‡‡ 4.05E+01 x x
2-Methyl-3-pentanol 7.51 565-67-3 2.50–3.00 1.93E+01
2-Octanol 13.33†† 123-96-6 8.50–9.00 Mushroom/fat, coconut, oil, rancid, walnut, 

mushroom‡‡#
5.62E-03 1.78E+01

2-Pentanol 6.46 6032-29-7 1.50–2.00 green‡‡/alcoholic,ethery,fruit,nutty, raspberry# 2.35E+01
3-Heptanol 10.61 589-82-2 5.50–6.00 herb‡‡ 1.75E+01
3-Hexanol 8.33†† 623-37-0 3.00–3.50 1.92E+01 x
3-Methyl-2-pentanol 8.31 565-60-6 2.50–3.00 1.10E+00 2.12E+01 x
3-Methyl-3-buten-1-ol 9.11†† 763-32-6 1.50–2.00 fecal, skunky 4.89E+00
3-Methyl-3-pentanol 6.61†† 77-74-7 2.00–2.50 3.43E+01
3-Octanol 12.88†† 589-98-0 8.00–8.50 mushroom/moss, nut, mushroom‡‡# 1.61E+01 x x
4-Methyl-1-pentanol 10.65†† 626-89-1 4.00–4.50 nutty 2.86E+01
4-Methyl-2-pentanol 7.60†† 108-11-2 2.00–2.50 1.10E+00 2.17E+01
Benzeneethanol 21.31†† 60-12-8 11.00–11.50 ! oral, sweet/honey, spice, rose, lilac‡‡ 1.70E-02 2.72E+01 x x
Cyclohexanol 12.45†† 108-93-0 5.00–5.50 6.17E-02 1.60E+01
Isoamyl alcohol 8.26†† 123-51-3 2.00–2.50 winey/whiskey, malt, burnt‡‡ 4.47E-02 2.12E+01 x x
Isogeraniol 20.16 5944-20-7 13.50–14.00 rose‡‡

$,$-Dimethylbenzenemethanol 18.80†† 617-94-7 4.00–4.50 5.08E+01

$-Ethylbenzeneethanol 20.05 701-70-2 11.50–12.00

$-Terpineol 18.48†† 98-55-5 12.50–13.00 oil, anise, mint‡‡ 3.72E-02 2.70E+00
Aldehydes
2,4-Hexadienal 4.46 142-83-6 1.50–2.00 aldehyde, herb/green‡‡ 5.50E-04 4.25E+00
2-Ethylhexanal 9.96†† 123-05-7 7.00–7.50 8.17E+00
2-Thiophenecarbox-aldehyde 17.85†† 98-03-3 8.50–9.00 sulfur‡‡ 1.28E+01

Benzaldehyde 14.96 100-52-7 7.50–8.00 aldehyde, herb/burnt sugar, almond‡‡# 4.17E-02 2.15E+01 x x
Aromatics
1-(Methoxymethyl)-4-methylnaphthalene 23.06 71,235-76-2 17.00–17.50
1,2,3,4-Tetramethylbenzene 14.86†† 488-23-3 11.00–11.50 solvent 1.36E+01
1,2,3-Trimethylbenzene 12.63 526-73-8 8.50–9.00 8.49E+00
1,2,4,5-Tetramethylbenzene 14.71†† 95-93-2 11.00–11.50 rancid, sweet‡‡ 2.63E-02 1.36E+01
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Table 2. Cont’d.

Detection 
threshold‡

Estimated 
Tau(OH)§

References¶
Compound name RT CAS # HC Odor descriptors 1 2 3 4 5 6 7

min min µL L–1 h
1,2-Dihydro-1,1,6-trimethylnaphthalene 20.35 30,364-38-6 16.00–16.50 sewer/licorice‡‡
1,2-Dimethylbenzene 8.26 95-47-6 5.00–5.50 geranium‡‡ 8.51E-01 2.03E+01 x
1,3-Dimethyl-5-(1-methylethyl)-benzene 16.40 4706-90-5 12.50–13.00
1,3-Dimethylbenzene 8.23†† 108-38-3 4.50–5.00 plastic‡‡ 3.24E-01 1.18E+01
1,4-Dimethylbenzene 8.16 106-42-3 4.50–5.00 4.90E-01 1.94E+01 x x
1-Ethyl-2,3-dimethylbenzene 13.46 933-98-2 10–00–10.50 1.64E+01
1-Ethyl-3,5-dimethylbenzene 12.93 934-74-7 9.50–10.00 8.07E+00
1-Ethyl-4-methoxybenzene 15.86 1515-95-3 11.00–11.50 9.89E+00
1-Ethyl-4-methylbenzene 10.53 622-96-8 7.00–7.50 2.30E+01 x
1-Methoxy-2-(methylthio)-benzene 21.70 2388-73-0 14.00–14.50
1-Methoxy-4-methylbenzene 13.91 104-93-8 8.50–9.00 9.55E-03 1.02E+01
1-Methyl-4-(1-methylethyl)-benzene 11.93 99-87-6 9.00–9.50 solvent, gasoline, citrus‡‡ 2.14E-03 1.84E+01 x
1-Propenylbenzene 13.53 637-50-3 9.00–9.50 4.71E+00
2,3-Dihydro-4,7-dimethyl-1H-indene 18.08 6682-71-9 14.00–14.50
2-Methylnaphalene 21.23 91-57-6 14.50–15.00 5.31E+00 x
4,4’-Dimethyl 1,1’-biphenyl 26.48†† 613-33-2 20.00–20.50 3.24E+01
4-Ethyl-1,2-dimethylbenzene 13.73 934-80-5 10.00–10.50 1.64E+01
Benzene 3.51†† 71-43-2 1.00–1.50 3.63E+00 2.26E+02 x
Dibenzyl 25.13 103-29-7 19.00–19.50 2.31E+01
Diethylbenzene 12.61 25,340-17-4 9.50–10.00 3.43E+01
Ethenylbenzene 10.10†† 100-42-5 5.00–5.50 balsamic, gasoline‡‡ 1.45E-01 4.79E+00 x
Ethylbenzene 7.91 100-41-4 4.50–5.00 2.88E-03 3.91E+01 x
Indane 10.80 496-11-7 6.50–7.00 3.02E+01
Methoxybenzene 11.65†† 100-66-3 6.00–6.50 1.86E-01 1.61E+01
Naphthalene 19.20 91-20-3 12.50–13.00 tar‡‡/camphoric, greasy, oily# 1.48E-02 1.29E+01 x
Octylbenzene 21.20 2189-60-8 18.00–18.50 1.93E+01 x
Pentamethylbenzene 18.75 700-12-9 14.50–15.00 5.26E+00
Toluene 5.65†† 108-88-3 2.00–2.50 gasoline, paint‡‡ 1.55E+00 4.66E+01 x x
Esters
2-Ethyl-1-hexyl propionate 16.33 13.50–14.00
2-ethylhexyl acetate 14.61 103-09-3 11.50–12.00 3.24E-01 2.55E+01
2-Ethylhexyl butanoate 16.93 14.50–15.00
Heptyl formate 10.56 112-23-2 7.50–8.00
Methyl 2-ethylhexanoate 12.03 816-19-3 9.00–9.50 sweet
S-methyl thioacetic acid 5.28 1534-08-3 1.50–2.00 2.34E-03
Ethers
(S)-2-Ethyltetrahydrofuran 21.11 102,108-34-9 15.50–16.00
2,3-Dihydrofuran 2.28†† 1191-99-7 0.50–1.00 3.48E+00
2-Acetylfuran 14.45†† 1192-62-7 6.00–6.50 sweet, cabbage/balsamic‡‡/abalsamic, 

sweet, tobacco#
7.51E+00

2-Butylfuran 8.41 4466-24-4 5.50–6.00 noncharacteristic#
2-Hexanoylfuran 21.23 14,360-50-0 15.00–15.50
2-Methyl-3-(methylthio)furan 12.00 7.00–7.50
2-Methylfuran 2.55 534-22-5 0.50–1.00 4.49E+00 x x
2-Pentylfuran 10.96 3777-69-3 8.00–8.50 fruity/green bean, butter‡‡/green, 

pungent, sweet#
0.0478¶¶ 2.62E+00 x

3-Methylfuran 2.80 930-27-8 0.50–1.00 2.97E+00 x
Tetrahydrofuran 2.63 109-99-9 1.00–1.50 butter, caramel# 31d 1.73E+01
Fixed gases
Carbon disul# de 1.73†† 75-15-0 0.50–1.00 sulfury/cabbage, sulfurous, sweet, vegetable# 9.55E-02 9.58E+01 x x x
Sulfur dioxide 3.18†† 7446-09-5 0.50–1.00 burnt match, sulfurous# 7.08E-01 4.63E+00 x x x
Hydrocarbons
1,1-bis(methylthio)-ethane 11.08 7379-30-8 6.50–7.00

1,2-Dithiacyclopentane 14.50 557-22-2 7.50–8.00
1,2-Dithiecane 22.86 6573-66-6 17.50–18.00
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Table 2. Cont’d.

Detection 
threshold‡

Estimated 
Tau(OH)§

References¶
Compound name RT CAS # HC Odor descriptors 1 2 3 4 5 6 7

min min µL L–1 h
1-Chlorohexadecane 14.35 4860-03-1 12.50–13.00 1.45E+01
1-MethylcycloPentadiene 14.03 96-39-9 7.50–8.00
1-Octene 4.25†† 111-66-0 2.50–3.00 6.17E-02 8.42E+00 x x
1-Pentadecane 20.36 13,360-61-7 18.50–19.00 6.48E+00
1-Tridecene 23.11 2437-56-1 18.00–18.50 6.93E+00
2,5-Dimethyl-2,4-hexadiene 8.01 764-13-6 6.00–6.50 1.32E+00
2,6,10-Trimethyl-2,6,10-dodecatriene 20.08 17.50–18.00
2-Methyltetradecane 19.58 1560-95-8 18.00–18.50
2-Methyltridecane 17.66 1560-96-9 16.00–16.50
2-Octene 4.66†† 111-67-1 3.00–3.50 7.59E-02 4.49E+00
3,7-Dimethylocta-1,6-diene 8.48 6.50–7.00
3-Ethyl-2,5-dimethyl-1,3-hexadiene 10.40 62,338-07-2 8.50–9.00
3-Methyltetradecane 19.75 18,435-22-8 18.00–18.50
4-Ethyl-3-heptene 12.51 33,933-74-3 8.50–9.00
4-Methyl-1-(1-methylethyl)-cyclohexene 9.60 500-00-5 7.50–8.00 2.89E+00
5-Propyldecane 17.41 17,312-62-8 15.50–16.00 alkane‡‡
5-Undecene 12.05 4941-53-1 10.50–11.00
6-Methyl-1-heptane 10.93 5026-76-6 4.00–4.50 8.42E+00
Butylcyclohexane 10.63 1678-93-9 9.00–9.50 1.88E+01
Cyclododecane 20.81 294-62-2 18.50–19.00 1.66E+01
Decane 9.58†† 124-18-5 8.00–8.50 ! oral/alkane‡‡ 7.41E-01 2.39E+01 x
Ethylcyclohexane 11.83 1678-91-7 7.00–7.50 2.31E+01 x
Heptadecane 23.71†† 629-78-7 21.50–23.00 alkane‡‡ 1.32E+01 x
Hexadecane 22.03†† 544-76-3 20.00–20.50 cabbage/alkane‡‡ 1.12E+01 x
Limonene 11.31†† 138-86-3 9.00–9.50 fruity/lemon, orange‡‡/citrus, ethereal# 4.37E-01 1.86E+00 x
Methylcyclopentane 10.70 96-37-7 4.00–4.50 4.91E+01 x
Nonane 6.86†† 111-84-2 5.50–6.00 alkane‡‡/linseed oil, oily, sweaty# 1.26E+00 2.72E+01
Octane 4.25†† 111-65-9 3.00–3.50 alkane‡‡ 5.75E+00 3.20E+01 x
Octylcyclohexane 19.60 1795-15-9 17.50–18.00 1.36E+01
Pentadecane 20.26†† 629-62-9 18.50–19.00 alkane‡‡ 1.25E+01 x
Propylcyclohexane 7.75 1678-92-8 6.00–6.50 2.07E+01
Tetradecane 18.45†† 629-59-4 16.50–17.00 alkane‡‡ 1.45E+01 x
trans 2,6-Dimethyl 2,6-octadiene 10.20 2609-23-6 8.00–8.50
Ketones
1-(2-hydroxyphenyl)-ethanone 19.95 118-93-4 12.00–12.50 9.08E+00
1-(2-methyl-1-cyclopenten-1-yl) ethanone 7.33 3168-90-9 4.50–5.00
1-(3-thienyl)ethanone 19.33†† 1468-83-3 10.50–11.00 3.16E+01
1-Mercapto-3-pentanone 14.80 8.00–8.50
1-Methylthio-2-propanone 11.16 4.00–4.50
1-Phenyl-2-propanone 18.71 103-79-7 11.50–12.00 4.92E+01
2(5H)-Thiophenone 20.01 3354-32-3 9.50–10.00
2,3-Butanedione 3.75†† 431-03-8 0.50–1.00 buttery/butter, cream‡‡# 1.17E+03 x

2,3-Pentanedione 5.48†† 600-14-6 1.50–2.00 cream, butter‡‡/almond, estery apple, malt# 2.09E+02 x

2’,4’,5’-Trihydroxy butyrophenone 25.26 1421-63-2 19.50–20.00 1.36E+00

2,5-Hexanedione 14.55†† 110-13-4 7.00–7.50 ketone 3.90E+01
2,6-Dimethyl-4-heptanone 10.11 108-83-8 7.50–8.00 1.01E+01
2’-Aminoacetophenone 25.75†† 551-93-9 15.00–15.50 taco shell/foxy, sweet‡‡ 2.83E+00 x
2-Butanone 2.71†† 78-93-3 0.50–1.00 phenolic, skunky/ether‡‡ 2.42E+02 x x
2-Decanone 15.33†† 693-54-9 12.00–12.50 fruity, musty# 2.10E+01 x
2-Dodecanone 19.55 6175-49-1 16.00–16.50 fruity, musty# 1.84E+01
2-Heptanone 9.00†† 110-43-0 5.50–6.00 musty/soap‡‡/blue cheese, fruity, musty# 2.37E+01 x x
2-Hexanone 6.46†† 591-78-6 2.50–3.00 ether‡‡/fruity, ketone# 3.05E+01 x x
2-Methylcyclopentanone 8.66†† 1120-72-5 4.00–4.50 3.49E+01 x
2-Nonanone 13.96†† 821-55-6 10.50–11.00 hot milk, soap‡‡/blue cheese, fatty, fruity# 2.28E+01 x x
2-Octanone 11.58†† 111-13-7 3.50–4.00 ketone, gasoline/soap‡‡/! oral, fruity, musty# 2.53E+01 x x
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Table 2. Cont’d.

Detection 
threshold‡

Estimated 
Tau(OH)§

References¶

Compound name RT CAS# HC Odor descriptors 1 2 3 4 5 6 7

min min µL L–1 h
2-Pentadecanone 23.05 2345-28-0 19.50–20.00 1.42E+01 x
2-Pentanone 4.11†† 107-87-9 1.00–1.50 ketone/ether, fruit‡‡/acetone, sweet fruity ketone# 5.96E+01 x x
2-Pentylcyclopentanone 17.85 13.50–14.00
2-Tridecanone 21.28 593-08-8 18.00–18.50 solvent, grassy/fruity, green, rancid, tallow# 1.66E+01 x
2-Undecanone 18.26†† 112-12-9 14.50–15.00 onion, garlic, spicy/orange, fresh, green‡‡/dusty, 

! oral, fruity#
2.01E+01 x x

3-Decanone 15.83 928-80-3 12.50–13.00 2.30E+01
3-Dodecanone 19.91 1534-27-6 16.50–17.00
3-Heptanone 6.95 106-35-4 4.00–4.50 3.52E+01 x
3-Hexanone 6.01†† 589-38-8 2.50–3.00 ether, grape‡‡ 4.03E+01 x
3-Methyl 2-(2-pentenyl) 
   cyclopentanone

18.66 7051-39-0 14.50–15.00

3-Methyl-2-cyclooctenone 10.86 60,934-87-4 8.50–9.00
3-Methyl-2-cyclopenten-1-one 14.98 2758-18-1 8.00–8.50 3.42E+00
3-Methyl-2-pentanone 5.16†† 565-61-7 2.00–2.50 4.46E+01
3-Methylcyclopentanone 9.06 1757-42-2 4.00–4.50 x
3-methylindole-2(3H)-one 34.05 1504-06-9 18.50–19.00
3-Nonanone 13.63†† 925-78-0 10.50–11.00 2.60E+01
3-Octanone 11.15†† 106-68-3 8.00–8.50 ketone, earthy, musty/herb, butter, resin‡‡/

earthy, mushroom#
6.03E-02 2.99E+01 x x

3-Octen-2-one 13.80 1669-44-9 9.50–10.00 mushroom/nut, crushed bug‡‡/fatty, green fruit#
3-Pentanone 4.21†† 96-22-0 1.50–2.00 burnt/ether‡‡ 3.16E-01 1.39E+02 x x
3-Penten-2-one 6.85†† 625-33-2 2.00–2.50 5.45E+00
3-Undecanone 17.95 2216-87-7 14.50–15.00 2.06E+01
4-(2,6,6-Trimethyl-1-cyclohexen-
   1-yl)-2-butanone

21.83 17,283-81-7 17.50–18.00

4-(2,6,6-Trimethyl-2-cyclohexa-
   1,3-dienyl)-butan-2-one

22.06 17.00–17.50

4-(2,6,6-Trimethyl-2-cyclohexen-
   1-yl)-2-butanone

21.51 31,499-72-6 17.00–17.50 phenolic

4-Heptanone 8.06†† 123-19-3 5.00–5.50 2.97E+01
4-Hydroxy-3-propyl-2-hexanone 6.48 62,338-17-4 3.00–3.50
4-Methyl-2-pentanone 4.93†† 108-10-1 2.00–2.50 5.37E-01 1.97E+01 x
4-Methyl-3-penten-2-one 7.38 141-79-7 3.00–3.50 sweet, chemical‡‡ 5.62E-02 3.53E+00
4-Phenyl-2-butanone 20.98 2550-26-7 14.00–14.50 2.94E+01
4-Undecanone 17.50 14,476-37-0 14.50–15.00 1.78E+01
5-Decanone 15.40 820-29-1 12.50–13.00 grassy/fruity, musty#
5-Methyl-2-heptanone 11.01 18,217-12-4 7.50–8.00
5-Methyl-2-hexanone 8.06 110-12-3 4.50–5.00 sweet# 4.17E-02 2.70E+01
5-Methyl-3-hexanone 6.95 623-56-3 4.00–4.50 2.78E+01
6-Methyl-2-heptanone 10.55 928-68-7 7.00–7.50 2.90E+01
6-Methyl-3,5-heptadien-2-one (E) 16.70 16,647-04-4 11.00–11.50

6-Methyl-5-hepten-2-one 12.20†† 110-93-0 8.00–8.50 pepper, mushroom, rubber‡‡/sweet fruity# 3.80E-02 1.77E+00

6-Methyl-6-(5-methyl-2-furanyl)-
2-heptanone

22.25 50,464-95-4 17.50–18.00

6-Octen-2-one 12.31 74,810-53-0 8.00–8.50
Acetone 1.91†† 67-64-1 0.50–1.00 ketone, sweet 1.45E+01 1.27E+03 x x
Acetophenone 17.35 98-86-2 10.00–10.50 3.63E-01 1.01E+02
cis-Jasmone 22.75†† 488-10-8 17.00–17.50 1.74E+00
Cyclohept-4-enone 14.53 8.50–9.00
Cyclopentanone 8.15†† 120-92-3 2.50–3.00 1.70E+00 9.45E+01 x x
Dihydro-2(3H)-furanone 16.61 96-48-0 6.00–6.50 caramel, sweet‡‡ 1.20E+02 x
Dihydro-2(3H)-thiophenone 17.03 1003-10-7 8.50–9.00 3.74E+01
Dihydro-3-methyl-2(3H)furanone 16.06 1679-47-6 7.50–8.00 2.50E+00
Dihydro-5-pentyl-2(3H)-furanone 23.55 104-61-0 16.00–16.50 coconut, peach‡‡ 2.87E+01
Tetrahydro-6-propyl-2H-pyran-2-one 21.85 698-76-0 14.00–14.50 2.62E+01
Tetrahydroionone 20.83 60,761-23-1 17.00–17.50
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Table 2. Cont’d.

Detection 
threshold‡

Estimated 
Tao(OH)§

Reference
Compound name RT CAS# HC Odor description 1 2 3 4 5 6 7

min min µL L–1 h
Nitrogen containing
1H-Indole 28.75†† 120-72-9 14.50–15.00 barnyard, piggy/mothball, burnt‡‡/musty fecal# 3.16E-05 1.80E+00 x x x x x x
1H-Pyrrole 14.43†† 109-97-7 2.00–2.50 co" ee liquor, cracker# 2.53E+00 x
1-Methylpyrrole 7.10†† 96-54-8 2.00–2.50 2.53E+00 x
2,3-dimethyl-1H-indole 30.61 91-55-4 18.50–19.00 1.39E+00
2,4-Dimethylthiazole 10.48 541-58-2 5.00–5.50 moldy, skunky/rubber‡‡/cocoa, meat, oily# 5.85E+01
2,4-Pentadienenitrile 7.88 1615-70-9 2.00–2.50 1.65E+01 x
2,5-Dimethyl-1H-Pyrrole 16.08 625-84-3 6.00–6.50 1.39E+00
2,5-Dimethylpyrazine 11.30†† 123-32-0 6.00–6.50 musty, earthy/cocoa, roasted nut‡‡/cornnuts, 

   grass#
2.75E+02

2,6-Dimethylpyridine 10.38 108-48-5 6.50–7.00 9.96E+01
2-Acetyl-4-methylthiazole 18.16 11.00–11.50
2-Ethyl-1H-pyrrole 16.43†† 1551-06-0 6.50–7.00 1.38E+00
2-Ethyl-6-Methylpyridine 11.80 1122-69-6 8.00–8.50 7.63E+01
2-Methyl-1H-indole 29.23 95-20-5 16.50–17.00 piggy, plastic 1.39E+00 x
2-Methylbenzoxazole 17.98†† 95-21-6 11.00–11.50 1.39E+00 x
2-Methyl-Pyridine 8.95†† 109-06-8 4.00–4.50 sweat‡‡ 4.27E-02 2.53E+02
2-Methylpyrrole 15.21 636-41-9 4.00–4.50 1.39E+00
2-Propylpyridine 17.18 622-39-9 13.00–13.50 sulfury, cabbage 8.22E+01
3-Ethylpyridine 13.05 536-78-7 8.50–9.00 tobacco# 1.38E+02
3-Methyl-1H-indole 29.26†† 83-34-1 17.00–17.50 naphthalenic/mothball, fecal‡‡ 5.62E-04 1.39E+00 x x x x x x
3-Methylisothiazole 9.91 693-92-5 3.50–4.00
4-Methylthiazole 10.05†† 693-95-8 3.50–4.00 7.33E+01
5-Acetyl-2-methylpyridine 25.88 42,972-46-3 16.00–16.50
5-Methylthiazole 10.45 3581-89-3 4.00–4.50
6,7-dihydro-3,7-dimethyl-5H-
   pyrrole[1,2-c]imidazole

14.83 123,845-12-5 9.00–9.50

8-Quinolinol 25.50†† 148-24-3 16.00–16.50 phenolic 1.39E+00
Benzenamine 18.76†† 62-53-3 7.50–8.00 6.76E-01 2.50E+00 x
Benzonitrile 16.36 100-47-0 8.00–8.50 rancid‡‡/almond# 8.42E+02 x x
Hexanenitrile 10.71 628-73-9 5.00–5.50 8.99E+01
Isothiazole 8.51 288-16-4 1.50–2.00
Methylpyrazine 9.86†† 109-08-0 4.00–4.50 burnt/popcorn‡‡/roasted# 3.77E+02 x
N-Acetylpyrrole 15.23 609-41-6 7.00–7.50 x
Nonanenitrile 17.55 2243-27-8 12.50–13.00 sulfury 3.79E+01
Octanenitrile 15.40 124-12-9 10.50–11.00 4.70E+01
Pyridine 8.00†† 110-86-1 2.50–3.00 rancid‡‡/burnt, diamine, pungent, solvent# 8.51E-02 7.51E+02 x
Quinoline 22.11 91-22-5 14.00–14.50 1.48E-02 2.39E+01
Phenols
2,3,5-trimethylphenol 25.85 697-82-5 14.50–15.00 1.38E+00
2,4-Dimethylphenol 24.76 105-67-9 12.50–13.00 3.24E-03 3.89E+00
2,6-Dimethylphenol 21.26†† 576-26-1 10.50–11.00 solvent 7.59E-04 4.22E+00
2-bromophenol 22.15 95-56-7 10.00–10.50 2.51E-06 2.87E+01
2-Chloro-5-Methylphenol 21.71 615-74-7 10.50–11.00 1.08E+01
2-Chlorophenol 20.28†† 95-57-8 8.00–8.50 phenolic, medicinal 7.24E-04 2.81E+01
2-Ethoxyphenol 20.48†† 94-71-3 11.50–12.00 phenolic, medicinal 7.91E+00
2-Ethylphenol 23.63†† 90-00-6 11.50–12.00 6.65E+00 x
2-Methoxyl-4-methylphenol 16.45 93-51-6 11.50–12.00 6.98E+00
2-methyl-5-(1-methylethyl)-phenol 25.60†† 499-75-2 15.00–15.50 2.79E+00
2-Methylphenol 22.60†† 95-48-7 9.50–10.00 phenolic/phenol‡‡ 1.70E-03 6.61E+00 x
3,4-dimethoxyphenol 23.40 2033-89-8 14.00–14.50
3-propylphenol 26.33 621-27-2 15.50–16.00 3.25E+00
4-(1-methylethyl)-phenol 25.75†† 99-89-8 13.50–14.00 6.54E+00 x

4-Ethyl-Phenol 25.05†† 123-07-9 12.00–12.50 phenoloic, medicinal/spice, horse manure, 
woody‡‡#

6.65E+00 x x x x

4-Methylphenol 23.73†† 106-44-5 10.00–10.50 barnyard, medicinal, phenolic, plastic/
phenolic, smoky‡‡#

1.86E-03 5.91E+00 x x x x x x
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not classifi ed as VOCs (De Nevers, 1995) because of the carbon 
number threshold (<12). " ese compounds also tended to have 
high BPs and low VP, which made them diffi  cult to sample and 
analyze. It is remarkable that the Carboxen/PDMS SPME fi ber 
was capable of extracting these compounds.

" e BP of 215 compounds (for which BPs were known or 
published) ranged from !60.3 to 322°C with a mean BP of 
168°C. As many as 66% of the compounds had a BP between 120 
and 220°C. Approximately 17% of the compounds had a BP be-
low 120°C and 18% were above 220°C. Vapor pressure and water 

Table 2. Cont’d.

Detection 
threshold‡

Estimated 
Tao(OH)§ 

References
Compound name RT CAS# HC Odor description 1 2 3 4 5 6 7

min min µL L–1 h
4-Propylphenol 26.35†† 645-56-7 14.00–14.50 6.43E+00
4-Vinylphenol 28.01 2628-17-3 13.00–13.50 smoky, burnt/almond shell‡‡ 4.81E+00
Phenol 22.58†† 108-95-2 8.00–8.50 phenolic, medicinal/phenol‡‡ 1.10E-01 1.06E+01 x x x x
Sulfur containing
1-(Methylthio)-butane 6.03 628-29-5 3.50–4.00 1.92E+01 x x x
1-Heptanethiol 11.61†† 1639-09-4 8.50–9.00 smoky 6.20E+00
1-Hexanethiol 8.80†† 111-31-9 6.00–6.50 plastic, skunky/sulfur‡‡/di" usive# 5.91E+00 x
1-Octanethiol 14.06†† 111-88-6 11.00–11.50 5.58E+00
1-Pentanethiol 6.23†† 110-66-7 3.50–4.00 6.09E+00 x x x x
2-(1-Methylethyl)-thiophene 10.76 4095-22-1 7.00–7.50 1.12E+01 x
2-(Methylthio)-thiophene 18.45 5780-36-9 9.00–9.50
2,3-Dihydro-5-methylthiophene 8.08 4610-02-0 4.00–4.50
2,4-Dimethylthiophene 9.46 638-00-6 5.00–5.50 fried onion# 4.26E+00
2,5-Dimethylthiophene 8.50 638-02-8 4.50–5.00 fried onion# 9.02E+00 x
2-Amino-5-formylthiophene 20.81 14.50–15.00
2-Butylthiophene 13.26 1455-20-5 9.50–10.00 1.01E+01
2-Ethyl-5-methylthiophene 11.23 40,323-88-4 7.50–8.00
2-Ethylthiophene 8.61 872-55-9 4.50–5.00 styrene# 1.12E+01
2-Furanmethanethiol 13.18 98-02-2 6.00–6.50 burnt, sulfury/co" ee, roast‡‡ 1.38E+00
2-Hexylthiophene 17.71 18,794-77-9 14.00–14.50
2-Methyl-5-propylthiophene 12.83 33,933-73-2 9.50–10.00 x x x x x
2-Methylthiophene 6.51†† 554-14-3 2.50–3.00 gasoline, green, onion, para$  nic, sulfurous, 

   sweet‡‡#
1.11E+01

2-octylthiophene 21.63 880-36-4 18.00–18.50 grassy, musty
2-Pentylthiophene 15.55 4861-58-9 12.00–12.50 sweet, fruit‡‡
2-Phenylethanethiol 18.75 4410-99-5 12.50–13.00 x
3,4-Dimethoxythiophene 17.38 11.50–12.00
3,4-Dimethylthiophene 9.01 632-15-5 5.00–5.50 fried onion# x
3-Ethylthiophene 9.26 1795-01-3 5.00–5.50 1.12E+01
3-Methylthiophene 6.98†† 616-44-4 2.50–3.00 1.11E+01 x x
4-Methylthiane 10.13 5161-17-1 6.50–7.00 1.09E+01
Benzenemethanethiol 17.01 100-53-8 10.00–10.50 1.58E-03 6.23E+00
Cyclopentanethiol 7.46 1679-07-8 4.00–4.50 5.47E+00 x x
Dimethyl disul# de 5.60†† 624-92-0 1.00–1.50 onion, garlic/cabbage, fecal sulfurous‡‡# 1.23E-02 1.22E+00 x x
Dimethyl tetrasul# de 18.28 5756-24-1 1.00–1.50 sulfury/cabbage, sulfur‡‡
Dimethyl trisul# de 11.46†† 3658-80-8 1.00–1.50 onion/sulfur, # sh, cabbage‡‡ 1.66E-03
Hydrogen sul# de 1.26†† 7783-06-4 0.50–1.00 rotten egg, sewer, foul/sulfurous# 1.78E-02 0
Methanethiol 1.46†† 74-93-1 0.50–1.00 onion, sewer, fecal, sulfury/sulfur, garlic, cabbage‡‡# 1.05E-03 8.44E+00
Methyl ethyl disul# de 7.90 20,333-39-5 4.00–4.50 1.66E-02 x
Methyl ethyl sul# de 2.33 624-89-5 0.50–1.00 sulfur, garlic‡‡ 3.80E-03 3.27E+01 x x x
Thiophene 4.70†† 110-02-1 1.00–1.50 skunky/garlic‡‡ 3.31E-01 2.91E+01 x x x x
Tropex 9.03†† 556-61-6 2.00–2.50 1.29E-02 2.04E+03

$-n-butylthiophan 15.13 11.50–12.00
† RT, column retention time; HC, heartcut.
‡ Devos et al. (1990).
§ Syracuse Research Corporation (2004), NIST WebBook (National Institute of Standard and Technology, 2005), and CambridgeSoft Corporation (2006).
¶ References: 1, Schi" man et al. (2001); 2, Begnaud et al. (2003); 3, Kai and Schafer (2004); 4, Yasuhara (1984); 5, Willig et al. (2004); 6, Clanton and 
Schmidt (2000); 7, Zahn et al. (1997).
# LRI & Odour Database (2005).
†† Compound con# rmed with pure standard.
‡‡ Flavornet (Acree and Arn, 2004).
§§ AIHA (1989).
¶¶ Rychlik et al. (1998).

001662



Lo et al.: Chemical & Sensory Characterization of Volatile Organic Compounds 533

solubility are important in determining the emission of VOCs in 
swine manure. A compound with a high VP and low solubility 
is considered as more volatile than those with low VP and high 
water solubility (Verscherene, 2001). Vapor pressure and solubility 
of 219 compounds (for which VP was known or published) were 
summarized (Lo, 2006). As many as 63% of the compounds had 
a VP greater than 69.33 Pa with a range from 4.6E–5 Pa Hg to 
2.08E + 6 Pa. About 68% of the 219 compounds had solubility 
between 100 and 1.00E + 5 mg L–1 (for which water solubility was 
known or published), which are considered very soluble in water. 
As many as 86% of compounds had a Henry’s law constant, defi n-
ing the solubility of gases in pure water <0.01 (atm-m3mole–1). 
Water-octanol partitioning coeffi  cients (for which were known or 
published) (logKow) ranged from !2.2 to 9.26, with about 82% 
out of 228 volatiles having a logKow of less than 4. " e compound 
with the highest logKow was 1-heptanethiol, with a logKow = 9.26. 
" e estimated Dg and Dl ranged from 0.043 to 0.18 cm2 s–1 and 
4.54E–06 to 1.93E–05 cm2 s–1, respectively. As many as 76% of 
the 216 VOCs fell between Dg 0.06 to 0.09 cm2 s–1, and 82% of 
the 217 VOCs fell between Dl 6.00E–06 to 1.00E–05 cm2 s–1 
(for those VOCs with chemical structure and BPs known or pub-
lished).

Many VOCs emitted into the atmosphere take part in the 
degradation/transformation reactions (Atkinson et al., 1999). 
" e estimation of atmospheric lifetime of VOCs depends on 
the reaction with hydroxyl radical (OH") as this compound 
dominates the daytime atmospheric reactions. " e frequency 
distribution of the estimated atmospheric lifetime for 210 VOCs 
(for which atmospheric OH·rate constants used to calculate the 
atmospheric lifetime were known or published) is presented 
in Fig. 4. More than half of compounds (approximately 68%) 
had an estimated ! less than 24 h, which are considered as very 
reactive, with dimethyl disulfi de (! = 1.224 h) being the most 
reactive compound emitted from swine manure. In general, the 
shorter the atmospheric lifetime, the more reactive a compound 
is. " is, in turn, could be detrimental to the chain of reactions 
leading to the net production of ozone. Reactivity causes trans-
formations into new compounds and potentially aff ects the odor. 
" us, atmospheric reactivity may also aff ect the overall odor. " is 
reactivity-odor link has not yet been characterized.

Conclusions
" e following conclusions can be drawn from this research:
(1) SPME combined with MDGC-MS-O was a powerful 

tool used to extract and separate VOCs and gases 
emitted from swine manure, to identify compounds, 
and to determine their odor characteristics. " e use of 
heartcut improved chromatographic separations and 
compound identifi cation.

(2) A wide range of VOCs and gases were emitted from 
swine manure. As many as 295 compounds were 
identifi ed from the gas samples using MDGC-MS-O. 
Seventy one compounds were recognized as odorous 
compounds. Sixteen of the compounds identifi ed were 
listed as HAPs. " e six compounds with DT less than 
1 nL L–1 were 2-bromo-phenol, indole, 2,4-hexadienal, 
skatole, 2-chloro-phenol, and 2,6-dimethyl-phenol.

(3) Among the 295 compounds identifi ed, 188 were not 
reported in previous studies. " is total number (295) 
also represents an improvement by 44 of the total 
number of compounds listed in the most comprehensive 
summary of compounds present in swine manure and/or 
air around swine operations (Schiff man et al., 2001).

(4) Physical and chemical properties of the compounds emitted 
from swine manure were studied and summarized. " e 
295 compounds identifi ed were classifi ed into 12 chemical 
classes: acids (9), alcohols (33), aldehydes (4), aromatics 
(32), esters (6), ethers (10), fi xed gases (2), hydrocarbons 
(36), ketones (71), nitrogen-containing compounds (35), 
phenols (19), and sulfur-containing compounds (38).

(5) Nearly 68% of the total 210 compounds (for which the 
reaction rate with OH was known) had an estimated 
atmospheric lifetime (!) <24 h, with dimethyl 
disulfi de (! = 1.22 h) being the most reactive.

(6) Measurement of actual concentrations and emission 
rates for specifi c VOCs of interest is warranted.
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REVIEWS

Abstract
There are few issues in animal

agriculture today more contentious than
odors.  Although odors are generally
considered a swine problem, all livestock
producers may have to address the
changing public attitude toward rural air
quality eventually.  Adding to the prob-
lem of farmstead odors is a lack of
standardization in odor measurement and
description.  A review of the literature
reveals that there is little consensus
among scientists on odor description.

The authors of this paper attempt to
clarify the situation using terminology
employed by the perfume industry to
provide structure to the definition of
farmstead odors.  Odor-causing chemicals
called odorants mix to form distinct scents
called odor notes, and odor notes mix to
form complex farmstead odors.  Odor
description is accomplished by answering
four questions.  How many molecules of
odor-causing chemicals are present in the
air?  How bad does the odor smell?  How
strong is the odor?  How long do the
various components of the odor last?
Among the numerous odor measurements
currently in use, these questions are best

answered using the parameters concen-
tration (as measured by odor units),
character (as measured by degree of
offensiveness), intensity, and persistence.

All of the parameters mentioned
previously can be measured by a trained
panel of sniffers.  Using a dynamic
olfactometer to present odor samples to a
panel is becoming the standard for odor
measurement.  This article concludes
with a very brief description of the ability
of olfactometers and other analytical
techniques (scentometers, electronic
noses, and gas chromatographs) to
quantify farmstead odors following the
analysis scheme set forth by the authors.

(Key Words: Odors, Odorants, Odor
Notes, Odor Intensity, Odor Measure-
ment.)

Odor Perception
The nose and the brain work

together to create what is perceived as
odor.  The sense of smell is activated
when the nose captures odor-causing
chemicals called odorants from the
air.  Humans are equipped with two
separate systems for collecting and
processing odorant stimuli.  Some
animals (e.g., rats, dogs, cats, horses)
have a third system called the vome-
ronasal organ with receptors located
in the roof of the mouth to define
odors further.  As it is, humans smell

using two systems: the olfactory
organ and the trigeminal nerve.  The
human olfactory organ uses receptors
located at the top of the nasal
passages to collect odors from the air.
Signals from several receptors are
grouped and preprocessed in the
olfactory bulb before they are sent on
to the brain.  Odor messages are
processed in the more primitive part
of the brain known as the limbic
system.  The limbic system is also the
seat of memory and emotion in
humans, which helps explain why
smells often release old, long-forgot-
ten memories.  The olfactory organ
does not have a monopoly on
smelling odors.  The trigeminal nerve
is primarily responsible for feeling in
the face.  In mammals, this nerve
also reacts to certain chemical sub-
stances, including smells.  The
general function of the trigeminal
nerve is to protect against harmful
external influences, which is why the
perception of a substance such as
ammonia leads to a pain or repellent
response.  There is some interplay
between the olfactory and trigeminal
systems.  Many substances, such as
alcohol, ammonia, and acetic acid,
are perceived by both systems (32).

Science has identified thousands
of odorants forming the bouquet of
smells known as farmstead odors.
Table 1 is a list of manure odorant
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groups compiled from the literature.
Under each group is a list of indi-
vidual chemical compounds that are
commonly found in manure odors.
The two numbers listed next to the
odorants in Table 1 are concentra-
tions at which the brain makes
decisions about the odorant.  The
first number, the detection level, is
the concentration at which the
average, healthy person first notices
an odor.  People cannot recognize the
odor at the detection level, but they
know they smell “something”.  For
example, when the concentration of
ammonia in air reaches 17 ppb, the
brain detects a smell, but it does not
recognize the smell as ammonia.  The
second number listed in Table 1 is the

recognition level.  At this concentra-
tion, the brain begins to recognize
the odorant as a distinct scent. The
average human recognizes the scent
of ammonia cleanser when the
concentration of ammonia reaches
37,000 ppb in air.

Values for detection and recogni-
tion levels can be difficult to compre-
hend.  Consider the following.  A
person is standing on the floor of the
Louisiana Superdome.  The
Superdome is a very large, domed
stadium containing 3.5 billion L of
air space. Ammonia is released into
the Superdome.  A person would
detect  “something” if 17 ppb, or 57
g, of ammonia gas were mixed with
clean air in the Superdome. The

observer would begin to recognize a
faint ammonia smell once the
concentration reached 37,000 ppb, or
100 kg, of ammonia gas mixed in the
airspace.

Most odorants are not gases.
Skatole is a N-containing compound
largely responsible for causing ma-
nure to smell like manure.  Skatole is
a solid below 98oC, but it is soluble in
both polar and non-polar liquids.
Solutions of skatole release minute
amounts of the compound at the air-
liquid interface.  It only takes a
minute amount to create an effect
because the detection level of skatole
is 1.2 ppb (<30 g in the Superdome
airspace).  The recognition level of
skatole is much higher (470 ppb);
therefore, the brain would not
recognize a manure-like smell in the
Superdome until 10 kg of skatole were
released.

The large range between detection
and recognition levels for most
odorants may explain the ambivalent
feeling humans have about odors.
The Superdome observer smells
“something” in the air at low doses
of skatole.  He cannot describe the
smell, but he knows he does not like
it.  As skatole concentration in-
creases, the observer waivers on the
edge of recognition.  Finally, he
recognizes the scent, and it brings
back unpleasant memories (e.g., dirty
diapers, the outhouse at grandma’s,
an open sewer).

Odor Notes
Farm odors are never pure samples

of one odorant but a mixture of
many different odorants.  When
chemists analyzed an air sample
taken from a German hog building,
they measured at least 11 different
organic acids, but none of the
individual acids were present at
detectable levels (10).  Because the
individual odorants were below the
detection level does not mean that
they could not be smelled.  Stimuli
from many receptors are combined as
a group in the olfactory bulb.  Be-
cause of this grouping, the brain

TABLE 1. Components of manure odorsa.

Groups and individual Detection Recognition Odor
odorants levelb levelc description

   (ppb)   

Organic acids
Acetic acid 10.2 1000 Vinegar
Propionic acid 3.6 300
Butyric acid 1.1 1 Sour meat
Iso-valeric acid 1.2 —
Valeric acid — 20

Alcohols, aldehydes, ketones
Methanol — 100,000 Sweet
Formaldehyde — 1000 Straw, pungent
Acetylaldehyde — 210 Fruity, pungent
Acetone 4.0 100,000 Sweet, pungent
Methyl ethyl ketone — 10,000 Sweet

Phenolic compounds
Phenol 5.7 1000 Medicinal
p-Cresol 8.0 —

N compounds
Ammonia 17 37,000 Sharp, pungent
Methylamine — 2.1 Fishy, pungent
Dimethylamine 37 37 Fishy, pungent
Diethylamine — 500 Fishy, pungent
Indole 1.0 — Fecal
Skatole 1.2 470 Fecal, pungent

S compounds
Hydrogen sulfide 0.5 4.7 Rotten egg
Methyl mercaptan 0.5 2.1 Rotten cabbage
Dimethyl sulfide 1.1 1.1 Rotten vegetable
Diethyl sulfide 6.0 6.0 Rotten vegetable

aLiterature citations: 1, 11, 13, 14, 16, 29, 33.
bLevel at which an odorant is detected as an unidentified smell.
cLevel at which an odorant is recognized as a distinct scent.
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analyses the multiple organic acids as
one “fatty” or “sour” smell.

 Perfumers call a mixture of
odorants making a distinct scent an
odor note.  A single note may con-
tain hundreds of different odorants.
Returning to the Superdome analogy,
our observer is standing in the
middle of the football field; he
cannot hear one person way up in
the stands blowing softly into a
plastic trumpet.  If a hundred people
blow into plastic, brass, and tin
trumpets all at the same time, he
hears a “note,” and he perceives it as
a general blaring sound, not a mosaic
of individual trumpets.  Add cowbells
and cheering, and the situation
becomes analogous to perfume or
farmstead odors.

Odor Concentration
Farmstead odors always occur as

mixtures of notes.  Notes, in turn, are
mixtures of odorants.  It is difficult
and expensive to measure the concen-
tration of each odorant in a sample.
Instead, odor scientists measure the
concentration of odors as a whole by
presenting a sample to a panel of
trained sniffers.  The sample is
diluted with odorless gas until one-
half of the panel can no longer smell
anything.  When 50% of the sniffers
can no longer detect an odor, the
sample has been diluted to the
detection threshold.   Detection
threshold is similar to detection level,
which was discussed in the odor
perception section. Detection thresh-
old is the detection level of a mixture
of odorants under specific experimen-
tal conditions.

The ratio of odorless gas to sample
volume is called the dilution factor.
Dilution factor is a good measure of
odor concentration. The odor thresh-
old standard used by the European
Union (5) assigns odor concentration
at the detection threshold the arbi-
trary value of one odor unit (OU) per
cubic meter. For example, if an air
sample is taken inside a dairy barn
and diluted 100 times so that one-
half of an odor panel can no longer

detect an odor, then the air inside
the dairy barn has an odor concen-
tration of 100 OU/m3.  Other odor
threshold standards do not designate
odor concentration in OU per
volume.  Because the dilution factor
is a ratio, it has no units; therefore,
the inverse of dilution factor is
simply assigned OU (3).  No matter
what standard is used, the concept is
the same:  dilute the sample to the
detection threshold, then use the
inverse of the dilution factor as odor
concentration.

Odor Character
The term “character” describes

what an odor smells like.  In general,
odor character does not change with
concentration.  Ammonia at 10 OU/
m3 smells the same as ammonia at
100 OU/m3.  Of course, there are
always exceptions.  At high doses,
humans are likely to sense ammonia
through the trigeminal system, and
the response is more a feeling of
repulsion  than a true smell.  The
character of some odorants changes
dramatically with concentration.  At
concentrations usually detected in
farmstead odors, indole smells like
feces.  At very low concentrations,
however, indole has the scent of
flowers (4, 32).

The fourth column of Table 1 lists
identifying terms used to describe the
character of selected odorants.
Because farmstead odors are mixtures
of many odor notes, it is hard to
quantify their character based on
simple descriptors.  Two descriptors
used to assign numerical values to the
character of complex odors are
hedonic tone and offensiveness.

Hedonic Tone.  Hedonic tone is a
measure of the relative pleasantness
of an odor.  Odor panelists compare
an unknown sample with a set of
known odorants.  The panel decides
which of the known odorants best
describes the odor.  The odor is
assigned a rating based on the
comparisons.  Pleasant odors have
positive hedonic tones, and negative
hedonic tones indicate unpleasant

odors (7).  Table 2 lists hedonic tones
for common agricultural odors as
well as those for some of the odor-
ants listed in Table 1.  If an apple has
a hedonic tone of 2.61, and rotten
fruit has a hedonic tone of 2.76, it is
safe to assume that most people find
rotting fruit more offensive than a
fresh cut apple.

Offensiveness.  It is difficult to
describe exactly what farmstead odors
smell like, and, in the final analysis,
the exact description of the smell
may not matter.  People know if they
enjoy the smell or not.  Offensiveness
is an attempt to add degrees of good
and bad to odor phenomena.  Offen-
siveness is measured by an odor
panel.  A series of samples is diluted
to equal odor intensity.  Panelists are
asked to rank the offensiveness of
each sample on a scale of 0 to 5 (0 =
inoffensive to 5 = strongly offensive)
(22).  Because the relative “badness”
of a farmstead odor is more impor-
tant than the exact description of the
odor, agricultural scientists have
generally adopted offensiveness as a
measure of character for farmstead
odors.

Odor Intensity
Offensiveness indicates how bad

an odor smells, and OU can be
correlated to the number of odorant
molecules floating in the air, but
neither character nor concentration
provides a measure of how strong an
odor smells.  A third measurement is
required—odor intensity.  Odor
intensity is the direct measurement of
a person’s reaction to an odor.  To
measure odor intensity, scientists ask
a panel to describe the strength of an
unknown odor without knowing the
odor concentration or dilution
factor.  A commonly used scale ranks
intensity between 0 and 6 (0 = no
odor to 6 = extremely strong odor).
Odor intensity is standardized by
having the panel compare the
unknown odor with a reference
odorant of known concentration.
Methods approved by the American
Society for Testing and Materials (2)
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and the European Committee for
Standardization (5) use n-butanol as
a reference.  With n-butanol as a
reference, intensity is reported as a
concentration of butanol, regardless
of the actual odorants present.

Studies have related odor intensity
to concentration using equations of
the form:  I = K (C)n or log(I)  = logK
+ n log(C), where I is odor intensity,
C is odor concentration, and K and
n are empirical constants (33).  A
recent study conducted in England
(19) provided relationships between
odor concentration and odor inten-
sity for broiler house exhaust and
land-applied hog slurry.   The results
of that study, shown in Figure 1,
demonstrate three concepts needed to
understand intensity.

First, every mixture of odorants
has its own relationship between
concentration and intensity.   Similar
mixtures of odorants, such as five
different samples of broiler house
exhaust, have similar relationships
between concentration and intensity.

Second, intensity versus concentra-
tion is not a one-to-one relationship.
Diluting an odor sample in half will
not diminish odor intensity by one-
half.  To diminish a strong broiler
house odor (I = 4) to a faint odor (I =
2) requires an eightfold dilution (40
OU/m3 diluted to 5 OU/m3).

Third, intensity and character are
not related.  According to the results
shown in Figure 1, if odor concentra-
tions were held equal, the panel
would perceive broiler house odor to
be more intense than hog slurry
odor.  This does not mean the broiler
house smells worse than the hog
slurry; it only means the broiler
house smells stronger than the hog
slurry.  To describe an odor com-
pletely, you must measure both
intensity and character.  Perfumes
emit high intensity odors, but these
odors are not considered offensive.
An apple pie baking in the oven
smells both strong and pleasant.
Skunks release strong and offensive
odors.  A glass of water smells neither
strong nor offensive because it has
no smell at all.

Odor Persistence
Perfumers are masters in the art of

blending many odors to form com-
plex mixtures known as perfume.  If
one distinct odor is a note, then a
mixture of many odors is a chord.
Perfumers also recognize that a chord
of odors can change with time (4,
27).  Perfumers group notes according
to their relative volatility or persis-
tence.  The most persistent odors are
base notes or fixiants.  The least
persistent odors are top notes. Odor-
ants with medium persistence are
called middle notes or modifiers.
When perfume is placed on the skin,
the first scent smelled is the top note.
Because top notes are made of vola-
tile or short-lived odorants, they fade
with time.   Base notes remain long
after the top notes have faded.
Middle notes give the perfume “lift”
or “body” throughout the life of the
scent.

Farmstead odors are also chords of
many notes.  Odorants in the ma-
nure chord can be grouped in notes
based on relative volatility.  Table 3
classifies common manure odorants
into top, middle, and base notes (D.
Hamilton, unpublished data).  Know-
ing that all notes do not have the
same persistence can explain why the
strength and character of farmstead
odors change over time.  Consider
the results of a series of land applica-
tion experiments shown in Table 4.
Different types of swine waste were
applied 0.2 inches deep to soil inside
a wind tunnel.  Samples of air were
collected and presented to a panel to
determine odor offensiveness, con-
centration, and intensity immedi-
ately after spreading.  Air sample
collection and panel presentation
were repeated 4 to 6 h after applica-
tion.

 The panel determined that raw
manure was definitely offensive.

Figure 1.  Relationship between odor concentration and intensity for broiler house exhaust
and land-applied hog slurry (19). OU = odor unit.
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Odor intensity was extremely strong
immediately after application, and
intensity remained extremely strong 6
h after application.  The odors
released by raw manure exposed at
the soil contained persistent, strong-
smelling odorants.  Using perfume
terminology, raw waste is replete with
base notes.

Anaerobically digested manure
presents a different picture.  Anaero-
bically digested manure was described
by the panel as faintly offensive.
Initial intensity was extremely strong
and similar to raw manure.  Odors
from anaerobically digested manure
were not persistent, however.  Six
hours after application, the panel
only smelled faint odors in the
samples; therefore, the anaerobically
digested manure contained more top
notes and fewer base notes than raw
manure.  These results are consistent
with the chemistry of anaerobic
digestion.  During digestion, base
notes (e.g., organic acids, skatole,
large organic sulfides) are converted
to top notes (e.g., hydrogen sulfide,
ammonia) and odorless gases (e.g.,
carbon dioxide, methane).

Treating raw manure by aeration
reduced odors even further than
anaerobic treatment.  The panel
described screened manure aerated at
1 to 2 mg/L of dissolved oxygen as
inoffensive.  Odor intensity increased
from no odor immediately following
application to a faint odor 4 h after
application.  Why did land applica-
tion odors increase with time?
Aerobic bacteria were produced as raw
manure was aerated, creating a large,
living biomass.  A portion of the
aerobic biomass died when exposed
to a new environment by land
application. The biomass decayed
anaerobically, giving off odorants
similar to anaerobically digested
manure.

Measuring Farmstead
Odors

Direct measurement of odor
phenomenon with a sensory panel is
quickly becoming the standard

method of odor measurement.  The
sensory panel gives immediate mea-
sures of odor concentration, charac-
ter, and intensity.  With a time series
of observations, the panel can
determine odor persistence as well.
There are a number of problems
associated with odor panels, however.
Experimenters must overcome indi-
vidual bias in observations.  It is also
important to consider the phenom-
enon of odor fatigue (i.e., prolonged
exposure to an odor lessens an
individual’s ability to distinguish the
odor).  Olfactometers and
scentometers are two instruments
used to measure human odor sensory
response.  Other methods devised to
overcome the problems associated
with sensory panels include electronic
noses and gas chromatographs.

Odor Collection.  The first diffi-
culty an experimenter must overcome
is capturing a representative odor
sample.  Farmstead odors are transi-
tory in nature.  They are constantly
changing in character, intensity, and
composition.  There are two ways to
sample odor phenomena: take
measurements directly as the phe-
nomenon is occurring or collect
representative samples of the odor
event.  Measuring phenomena
directly from the environment is
called dynamic sampling.  Static
sampling involves grabbing represen-
tative samples of the odor.   The most
common method of static sampling
is to gather whole air samples in non-
reactive bags made of Teflon�,
Mylar�, or Kedlar� (30) (E. I. Du Pont
de Nemours and Company, Wil-
mington, DE). Another static odor
collection method is to trap or
adsorb odors onto a surface or
chemical reactant.  Adsorption
creates additional bias because
individual odorants can be selected
based on the characteristics of the
adsorbent.  A method of capturing
odors on swatches of cotton cloth
was shown to measure adequately
those odor character and intensity
changes caused by a packed column
air scrubber (18).  More detailed
analysis of the cotton swatch method
showed that it did not correlate well

with observations made on whole air
samples, particularly at high odor
concentrations.  The authors sug-
gested that the fabric became satu-
rated with odorants at lower concen-
trations, and higher concentrations
did not register above the saturated
levels (21).  The European Committee
for Standardization considers only
whole air samples in its olfactometry
standard (5).

Olfactometer.  An olfactometer is
a laboratory device that distributes
sample dilutions to odor panelists.
There are a number of variations on
the olfactometer depending on
method of sampling and analysis,
but all devices perform essentially the
same function, to present samples of
odors to a panel of sniffers.  Flexibil-
ity and direct measurement of hu-
man sensations are the main advan-
tages of olfactometry.  Disadvantages
are expense of operation and over-
coming human bias (6, 8, 9, 12).
Olfactometers are classified into two
major categories by method of
analysis.  Suprathreshold referencing
olfactometers present air samples to
panelists for comparison with known
quantities of n-butanol.  Sometimes
called butanol olfactometers,
suprathreshold referencing olfacto-
meters are used to measure odor
intensity.  Dilution-to-threshold
olfactometers, commonly referred to
as dynamic olfactometers, present
mixtures of odorous air samples and
odor-free gases at known dilutions to
a panel.  The dynamic olfactometer
may be operated in yes/no, choice,
forced-choice, triangle forced-choice,
or forced-choice/probability mode,
depending on method of delivery (5,
30).  Dilution-to-threshold olfactome-
ters are used to measure concentra-
tion, intensity, and character.

Scentometer.  A scentometer is a
simple, hand-held, dilution-to-
threshold device used to measure
odor concentration and intensity in
the field.  The person taking measure-
ments holds the device up to his nose
and breaths through the scentometer.
Gases can either pass directly to the
nose or pass through an activated
carbon filter.  The analyst chooses
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dilution factor by selecting the size of
the hole passing unfiltered air.
Advantages of the scentometer are
that it is portable, simple to use, and
gives immediate values for odor
concentration and intensity.  It is
particularly useful for measuring
intensity of odor sources (31).  The
main disadvantage is that it is hard
to overcome the analyst’s personal
bias in measurement.  Odor fatigue is
also a problem with repeated analyses
(8).

Electronic Nose.  Electronic noses
mimic the mammalian olfactory
system using metal oxide or organic
polymer sensors to represent olfactory
receptors in the nose and an elec-
tronic neural network and a micro-
processor to perform the functions of
the olfactory bulb and brain (25, 26,
28).  The main use of an electronic
nose is to differentiate between two
odors or to compare an unknown
odor with a known odor. They have
been used effectively for this purpose
in the food processing industry.
Researchers have used an electronic
nose to determine successfully the

onset of estrus in dairy cattle by
sampling perineal odors (15).  Elec-
tronic noses have shown a limited
ability to measure odor concentra-
tion and to differentiate between
groups of some odorants (17, 20).
The greatest potential for electronic
nose technology is to measure subtle
changes in odor character.  Electronic
noses are also very adaptable to
dynamic, real-time sampling and
sampling in hazardous environ-
ments.  Despite recent advances in
electronics, the electronic nose is no
match for the human nose.  The
human sense of smell, as used in
olfactometry panels, is 10,000 times
more sensitive than current electronic
analogs (17).  Electronic noses be-
come less sensitive in humid condi-
tions because sensor materials re-
spond to water vapor as well as
volatile organics.   Electronic nose
technology is likely to improve in
two directions:  devices with a limited
number of sensors chosen to identify
selected odorants and devices with a
large number of sensors of varied
composition to determine a wide
spectrum of odors.  Devices of the
second type, coupled with improve-
ments in electronics based on recent
discoveries in animal olfactory
systems, will be required if higher
order analyses such as intensity and
character are to be measured (25).

Chemical Methods.  Chemical
methods are used to determine the
actual concentration of individual
odorants in the air.  The most com-
mon instrumentation used in odor-
ant analysis is a gas chromatograph

with a mass spectrometer detector.
Instrumentation can be set up to
analyze ambient air dynamically or
to analyze samples taken from the
field.   Similar to the electronic nose,
a gas chromatograph distinguishes
compounds by comparison with a
reference standard.  The main disad-
vantage of chemical methods is the
shear number of potential odorants
required for analysis in the sampling
of farmstead odors.  The greatest
advantage of chemical methods is the
removal of human bias in the deter-
mination of the presence of odorants
in the air.  This advantage is also a
downfall, however, because it is very
difficult to predict human reactions
to odors based on the chemical
constituents in a sample.

Implications
Controlling farmstead odors is a

major concern of today’s livestock
producers.  A literature search reveals
a lack of consensus among scientists
on the proper methods of measuring
and quantifying agricultural odors.
It makes sense, therefore, to return to
the terminology of the perfume
industry. Perfumers have had little
trouble communicating with each
other for centuries.  In perfumery
terms, odor-causing chemicals are
called odorants.  Several odorants
combine to form a distinct scent
called an odor note.  Complex
farmstead odors are mixtures of odor
notes.  Odor notes can be classified
to some extent by grouping com-
pounds in the same chemical family

TABLE 2. Hedonic tonea of
common agricultural odors.

Odor Hedonic tone

Strawberry 2.93
Apple 2.61
Hay 1.30
Grain 0.63
Mushroom 0.52
Iso-valeric acid –1.57
Butyric acid –1.77
Mercaptans –2.30
Ammonia –2.47
Rotten fruit –2.76
Urine –3.34
Manure –3.36
Dead animal –3.75

aHedonic tone is a measure of the
relative pleasantness of an odor.
Pleasant odors have positive hedonic
tones. Unpleasant odors have
negative hedonic tones. Values for
hedonic tone listed in this table were
determined by Dravnieks et al. (7).

TABLE 3. Likely grouping of manure odor notes based on relative
volatility of odorants.

Top notes Middle notes Base notes

Hydrogen sulfide Aldehydes Organic acids
Ammonia Alcohols Phenolic compounds

Ketones Indole and skatole
Amines Organic sulfides
Mercaptans (>5 carbons)
Organic sulfides Dust-borne odorants
(2 to 4 carbons)
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into three notes based on odorant
volatility.  Highly volatile compounds
form top notes.  Persistent com-
pounds form base notes.  Middle
notes, derived from compounds with
medium volatility, complete the odor
chord.

  Once classified through a system
of notes, farmstead odors may be
described using two primary mea-
sures: intensity and character.  These
two descriptors measure how strong
the odor smells and what the odor
smells like at any point in time.
Describing the character of farmstead
odors may be simplified using offen-
siveness scales.  Mass of odorants in
the air, measured as odor concentra-
tion, and the changing nature of an
odor chord, measured as odor persis-
tence, add depth to the odor descrip-
tion.

Currently, a human sensory panel
tested using some form of olfactome-
ter is the most widely accepted
method of measuring intensity,
character, concentration, and persis-

tence.   A hand-held scentometer is
another sensory device shown to
measure odor intensity and concen-
tration.  Electronic noses mimic the
mammalian olfactory organ and
have been proven to measure differ-
ences in odor character.  Direct
measurement of odorant concentra-
tion is achieved through gas chroma-
tography analysis.

Literature Cited

1.  ASAE.  1996.  Control of Manure Odors,
ASAE Standard EP379.1.  ASAE, St. Joseph,
MI.

2.  ASTM.  1997.  Standard practices for
referencing suprathreshold odor intensity, E
544-75 (1993).  In Annual Book of ASTM
Standards.  Am. Soc. Testing Mat., Philadel-
phia, PA.

TABLE 4. Odor offensiveness, concentration, and intensity of land-applied swine wastes based on wind tunnel
experimentsa.

 Highest measured odor           Highest measured
concentration (OUb/m3)                odor intensity

Type of waste Offensiveness Initial After 4 to 6 h Initial After 4 to 6 h

Raw manure Definitely Extremely Extremely
offensive 1740 320 strong odor strong odor

Raw manure
passed through screen Definitely Extremely Etremely

offensive 250 190 strong odor strong odor
Raw manure
stored 14 d Faintly Very strong Distinct odor

offensive 460 60 odor
Anaerobically digested manure Faintly Extremely

offensive 350 45 strong odor Faint odor
Anaerobically digested manure
stored 14 d Faintly

offensive 83 39 Strong odor Distinct odor
Screened manure
aerated at low dissolved oxygen Faintly

offensive 280 100 Distinct odor Faint odor
Screened manure
aerated at 1 to 2 mg/L dissolved oxygen Inoffensive 60 61 No odor Faint odor

aLiterature citations: 23, 24.
bOU = Odor unit.

3.  ASTM.  1997.  Standard practice for
determination of odor and taste thresholds
by forced choice ascending concentration
series method of limits, E679-91. In Annual
Book of ASTM Standards.  Am. Soc. Testing
Mat., Philadephia, PA.

4.  Billot, M., and F. V. Wells. 1975.  Perfum-
ery Technology, Art: Science: Industry.  Ellis
Horwood Ltd., Chichester, U.K.

5. CEN.  1997.  Air Quality-Determination of
Odour Concentration by Dynamic Olfactom-
etry.  European Committee for Standardiza-
tion, Brussels, Belgium.

6.  Dravnieks, A., and F. Jarke.  1980.  Odor
threshold measurement by dynamic olfacto-
metry: Significant operational variables.  J.
Air Pollut. Control Assoc. 30:1284.

7.  Dravnieks, A., T.  Masurat, and R. A.
Lamm.  1984.  Hedonics of odors and odor
descriptors.  J. Air Pollut. Control Assoc.
34:752.

8.  Dravnieks, A., W. H. Prokop, and W. R.
Boehme.  1978.  Measurements of ambient
odors using a dynamic forced triangle
olfactometer. J. Air Pollut. Control Assoc.
28:1124.

9.  Elliott, L. F., J. W. Doran, and T. A. Travis.
1978.  A review of analytical methods for
detecting and measuring malodors from
animal wastes.  Trans. ASAE 21:130.

001671



210 Hamilton and Arogo

10.  Hartung, J., and V. R. Phillips.  1994.
Control of gaseous emissions from livestock
buildings and manure stores.  J. Agric. Eng.
Res. 57:173.

11.  Hesketh, H. E., and F. L. Cross.  1989.
Odor Control: Including Hazardous/Toxic
Odors. Lancaster Technonic Publ. Co.,
Lancaster, PA.

12.  Hobbs, P. J., T. H. Misselbrook, and B. F.
Pain.  1995.  Assessment of odours from
livestock wastes by a photoionization
detector, an electronic nose, olfactometry, and
gas chromotography-mass spectrometry.  J.
Agric. Eng. Res. 60:137.

13.  Hobbs, P. J., T. H. Misselbrook, and B. F.
Pain.  1997.  Characterisation of odours and
emissions from slurries produced from weaner
pigs fed dry feed and liquid diets. J. Sci. Food
Agric.  73:437.

14.  Hobbs, P. J., B. F. Pain, R. M. Kay, and
P. A. Lee.  1996.  Reduction of odorous
compounds in fresh pig slurry by dietary
control of crude protein.  J. Sci. Food Agric.
71:508.

15. Lane, A.J.P., and D. C. Wathes.  1998. An
electronic nose to detect changes in perineal
odors associated with estrus in the cow.  J.
Dairy Sci. 81:2145.

16.  Mackie, R. I., P. G. Stroot, and V. H. Varel.
1998.  Biochemical identification and
biological origin of key odor components in
livestock waste.  J. Anim. Sci.  76:1331.

17.  Maricou, H., D. Pereira, L. Verschuere, S.
Philips, and W. Verstraete.  1998. Measure-
ment of some volatile compounds by means
of the electronic nose.  Water, Air, Soil Pollut.
107:423.

18.  Miner, J. R., and L. A. Licht.  1980.  Fabric
swatches as an aid in livestock odor evalua-
tions. In Livestock Waste: A Renewable
Resource.  p 302.  ASAE, St. Joseph, MI.

19.  Misselbrook, T. H., C. R. Clarkson, and B.
F. Pain.  1993.  Relationship between concen-
tration and intensity of odours for pig slurry
and broiler houses. J. Agric. Eng. Res.  55:163.

20.  Misselbrook, T. H., P. J. Hobbs, and K. C.
Persaud.  1997.  Use of an electronic nose to
measure odour concentration following
application of cattle slurry to grassland.  J.
Agric. Eng. Res.  66:213.

21.  Nicolai, R. E., L. D. Jacobson, D. R.
Schmidt, and C. McGinley.  1997.  Livestock
odor measurement using a venturi olfactome-
ter and odor sampling using cloth swatches.
In Ammonia and Odour Emissions from
Livestock Facilities.  p 193.   Vinkeloord, The
Netherlands.

22.  Paduch, M.  1988.  Present state of VPI
guidelines on odor assessment.  In Volatile
Emissions from Livestock Farming and
Sewage Operations.  Elsevier Applied Science,
London, U.K.

23.  Pain, B. F., T. H. Misselbrook, C. R.
Clarkson, and Y. J. Rees.  1990. Odour and
ammonia emissions following the spreading
of anaerobically-digested pig slurry on
grassland.  Biol. Wastes 34:259.

24.  Pain, B. F., V. R. Phillips, C. R. Clarkson, T.
H. Misselbrook, Y. J. Rees, and J. W. Faurent.
1990.  Odour and ammonia emissions
following the spreading of aerobically-treated
pig slurry on grassland.  Biol. Wastes 34:149.

25.  Pearce, T. C.  1997.  Computational
parallels between the biological olfactory
pathway and its analogue ‘the electronic
nose’: Part II. Sensor-based machine olfaction.
BioSystems 41:69.

26.  Persaud, K. C., and G. Dodd.  1982.
Analysis of discrimination mechanisms in the
mammalian olfactory system using an
electronic nose.  Nature 299:352.

27.  Poucher, W. A.  1959.  Perfumes, Cosmet-
ics, and Soaps, VII . (7th ed.).  Chapman and
Hall, Ltd., London, U.K.

28.  Shurmer, H. V. 1990.  An electronic nose:
A sensitive and discriminating substitute for a
mammalian olfactory system.  IEE Proc.
137:197.

29.  Spoelstra, S. F.  1980.  Origin of objec-
tional odorous components in piggery wastes
and the possibility of identifying indicator
components for studying odour develop-
ment.  Agric. Environ. 5:241.

30.  Sweeten, J. M.  1995.  Odor measurement
technology and applications: A state of the
art review. In  Proc. 7th Int. Symp. Agric.
Food Process. Wastes.  p 214.  ASAE, St.
Joseph, MI.

31.  Sweeten, J. M., and J. R. Miner.  1993.
Odor intensities at cattle feedlots in nuisance
litigation.  Bioresour. Technol.  45:177.

32.  Vroon, P., A. van Amerongen, and H. de
Vries.  1997.  Smell, The Secret Seducer.
[Originally titled Vergorgen Verleider (1994)].
P. Vincent (Trans.).  Farrar, Straus, and
Giroux, New York.

33.  WEF.  1995.  Odor Control in Wastewater
Treatment Plants, WEF Manual of Practice
#22.  Water Environment Federation,
Alexandria, VA.

001672



NORTH DAKOTA GEOLOGICAL SURVE Y

WILSON M. LAIRD, State Geologist

BULLETIN 47

NORTH DAKOTA STATE

WATER CONSERVATION COMMISSIO N
MILO W. HOISVEEN, State Engineer

COUNTY GROUND WATER STUDIES 8

GEOLOGY and GROUND WATE R

RESOURCES
of

CASS COUNTY, NORTH DAKOT A
PART I

GEOLOG Y

B y

ROBERT L . KLAUSIN G

Geological Survey

United States Department of the Interior

Prepared by the United States Geological Survey in co-
operation with the North Dakota State Water Commission ,
North Dakota Geological Survey, and Cass Count y
Board of Commissioners .

GRAND FORKS, NORTH DAKOTA
1968

001673



This is one of a series of county reports published cooperatively by the Nort h

Dakota Geological Survey and the North Dakota State Water Conservatio n

Commission. The reports are in three parts ; Part I describes the geology, Par t

II represents ground water basic data, and Part III describes the ground wate r

resources. Part III will be published later and will be distributed as soon a s

possible .
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GEOLOGY AND GROUND WATER RESOURCE S
of Cass County, North Dakota

Part I - Geolog y

by Robert L . Klausin g

ABSTRACT

Cass County comprises an area of 1,749 square miles in the southeaster n
corner of North Dakota . About one-fourth of the county is in the Drift Prairie
physiographic province; the rest is in the Red River Valley ( Lake Agassiz basin )
physiographic division.

The major stratigraphic units are, in ascending order : crystalline rocks o f
Precambrian age; Winnipeg Formation of Ordovician age; and Dakota Sand-
stone, Grane:ros Shale, and Greenhorn Formation of Cretaceous age . No indurated
rocks younger than the Greenhorn are known to be present in the county .

Pleistocene glacial drift covers the entire county . The known thickness of the
drift, including the Lake Agassiz deposits, ranges from 132 to 447 feet . All the
surficial features of the county are late Pleistocene in age . Drift, probably de-
posited by more than one ice sheet, is present in the subsurface, but older drift
can be differentiated in only a few places. Local zones of oxidized till, extensiv e
bodies of buried outwash, and buried lake clays are valid indications of olde r
drift in the subsurface .

The major surficial features in the county are the ice-marginal drainage channels

and the channel of the proglacial Maple River . Minor features include kames ,

eskers, terraces in the proglacial Maple River channel, ground moraine, and loca l

recessional features referred to as washboard moraines . The trends of the wash -

board moraines show, at least in part, the configuration of the ice margin at th e
time they were formed .

The flatness of the Red River Valley is interrupted by the escarpment of th e
Sheyenne delta and the beaches of glacial Lake Agassiz . The Sheyenne delta cover s
an area of about 60 square miles in the south-central part of the county . It con-
sists of sand and silt as much as 120 feet thick. The lake-floor deposits includ e

two distinct lithologies ; the upper unit is mainly silt and the lower unit is mainly

plastic clay .

v
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INTRODUCTION

This is the first of three reports describing the results of a study of the geology
and ground-water resources of Cass County (fig . 1). The study was made during
the period 1962-66 by the U .S. Geological Survey in cooperation with the Nort h
Dakota State Water Commission and the North Dakota Geological Survey . The
initial request for the study was made by the Cass County Board of Commissioners .

The second report " Geology and Ground Water Resources of Cass County ,
North Dakota, Part II, Ground Water Basic Data ., " is a compilation of the data
collected during the study (Klausing, 1966) . The third report "Geology an d
Ground Water Resources of Cass County, North Dakota, Part III, Ground Water
Resources," is an evaluation of the ground-water resources of the county and will
be published later .

Purpose of study

The primary purpose of the study was to determine the occurrence, availability ,
and quality of ground water in Cass County . This report describes the geology
of the county to the extent necessary to provide a framework for the discussio n
of the ground-water resources .

Fieldwork and acknowledgments

The surficial geology of the county was mapped by the author during the field
seasons of 196 4.and 1965 . Field data were plotted on topographic quadrangl e
maps ( scale 1 :24,000 ) where available, and on aerial photographs ( scale 1 :20,000 )
in areas not covered by topographic maps . The data were later transferred to a
base map ( scale 1 :63,360 ), which had been compiled from the North Dakota State
Highway Department general highway maps of Cass County.

Subsurface data were obtained mainly from 92 test holes drilled during th e
field seasons of 1963, 1964, and 1965 . The test holes were drilled by the North
Dakota State Water Commission, Frederickson's Inc ., and Lako Drilling Co .
The test holes were logged by personnel of the North Dakota State Water Com-
mission and the U.S . Geological Survey. The data collected during 1963-65
were supplemented with test-hole data collected during previous ground-wate r

2 .
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studies and with logs of wells and test holes provided by other State and Federa l
agencies and by private firms . The logs of most of these test holes were given b y
Byers and others (1946), Dennis and others (1949), Dennis and others (1950) ,
Brookhart and Powell (1961), and Klausing (1966) and are not repeated in thi s
report .

The following companies and agencies were particularly helpful in supplying
data and material: Frederickson's Inc ., Lako Drilling Co ., U.S. Soil Conserva-
tion Service, U .S . Bureau of Reclamation, North Dakota State Highway Depart-
ment, and the Cass County Road Department .

Previous wor k

The glacial deposits in Cass County were described first by Warren Upha m

in 1895 . He gave a detailed description of the beach and deltaic deposits laid dow n
in glacial Lake Agassiz; he also described certain aspects of the morainal terrain
bordering the former lake basin .

In 1905, C .M. Hall and D.E. Willard described the geology of the Casselton

and Fargo quadrangles (scale 1 :125,000), and in 1909, D .E. Willard described
the geology of the Tower quadrangle (scale 1 :125,000). Willard's map show s
some of the morainal tracts and outwash channels in southwestern Cass Count y
that are described in this report .

Simpson (1929) gave a general summary of the geology and hydrolog y
of Cass County in his report on the ground-water resources of North Dakota .

Leverett (1912, 1932) mapped the southern end and outlet of the Lake Agassi z

basin, and described the geology in the extreme southern and western parts of
Cass County .

Byers and others (1946) summarized the geology in the Fargo area in a report
on ground water in the Fargo-Moorhead area, North Dakota and Minnesota .

Dennis and others (1949) described the geology and ground water resources
of Cass and Clay Counties, North Dakota and Minnesota .

Dennis and others (1950) described the geology ofthe Kindred area in a repor t
on ground water in the Kindred area, Cass and Richland Counties, N . Dak.

Horberg (1951), Colton (1958 ), and Clayton and others (1965) describe d
and presented differing theories regarding the occurrence of intersecting low ridge s
on the plain of glacial Lake Agassiz .

Brookhart and Powell (1961) described the geology and ground-water re-
sources in the vicinity of Hunter, N . Dak .

Cass County is included in the map by Colton and others (1963 ), which show s
the general glacial features of North Dakota .

3 .
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Well-numbering syste m

The wells, springs, and test holes in the county are numbered according to a
system based on the location in the public land classification of the U .S. Bureau
of Land Management . It is illustrated in figure 2 . The first numeral denotes the
township north of a base line, the second numeral denotes the range west of th e
fifth principal meridian, and the third numeral denotes the section in which th e

well is located . The letters a, b, c, and d designate, respectively, the northeast,

northwest, southwest, and southeast quarter sections, quarter-quarter sections ,
and quarter-quarter-quarter sections (10-acre tract) . For example, well 138-50 -
15daa is in the NE1/4NE1/4SE1/4 sec . 15, T. 138 N., R. 50 W. Consecutiv e
terminal numerals are added if more than one well is recorded with a 10-acr e

tract.

GEOGRAPH Y
Location and general features

Cass County is in the southeastern part of North Dakota and has an area
of 1,749 square miles . In 1960, the population of the county was 66,947 . Fargo,
the largest city in North Dakota, had a population of 46,662, and South West
Fargo had a population of 3,328 . The next largest city is Casselton, with a pop-

ulation of 1„394 . There are 15 communities in the county having population s

of less than 600 . The area is served by the Northern Pacific and Great Norther n
Railways, both of which have main lines and numerous trunk lines crossing the
county . Two Federal highways provide access to the area . U.S . Highway 8 1
crosses from north to south along the eastern edge of the county . U.S. Interstate
Highway 94 crosses the county from east to west . State and county highway s
that are paved or gravel surfaced generally are accessible throughout the year .

Physiography and topography

Cass County is in the western lake section of the Central Lowland physiographic
province of Fenneman (1938, p . 559), and occupies parts of the Drift Prairi e
and Red River Valley divisions, as described by Simpson (1929, p . 4-7) (fig . 3 ).

About 480 square miles in the western part of the county is in the Drift Prairie.
This area is a youthful glaciated plain, which is interrupted only by minor glacial

4 .
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FIGURE 2. System 4 numbering wells, springs, and test holes .
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FIGURE 3 . Physiographic divisions and drainage .

landforms and stream valleys . The land surface varies from strongly rolling to
nearly flat . Local relief generally ranges from 10 to 20 feet per mile, but in som e
areas it may be as much as 40 feet .

The Red River Valley area can be divided into two units : (1) the Sheyenne and
Maple River deltas, which together occupy an area of about 70 square miles ; and
(2) the flat, nearly featureless plain once occupied by glacial Lake Agassiz .

Northeast of Leonard, the Sheyenne delta rises 75 to 100 feet above the lak e
plain . To the west, it merges with the Maple River delta and the shore deposit s
of glacial Lake Agassiz . The surface of the Sheyenne delta in Cass County is rela-
tively flat, and the local relief usually does not exceed 5 feet . Relief on the Maple
River delta ranges from 5 feet per mile to 20 feet per mile. The Maple Rive r
crosses the delta in a northeasterly direction through a valley that ranges from a
quarter of a mile to three-quarters of a mile wide and is as much as 50 feet deep .

The Lake Agassiz plain is a flat, nearly featureless plain that has a northwar d
slope of about 1-1/2 feet per mile and an eastward slope that ranges from 2 feet
per mile near the Red River to 20 feet per mile farther west . The most prominen t
relief features of the lake plain are the north-south trending beaches that lie alon g

6 .
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the western edge of the plain, and a few isolated ridges in the eastern part of the

plain . These features rarely exceed 15 feet of height and generally range from 5

to 10 feet in height . The Red River of the North and its tributaries are entrenched

15 to 30 feet into the plain . Except in the vicinities of the beaches, isolated ridges ,

and stream valleys, local relief is generally less than 5 feet .

Drainag e

The Red River of the North, which flows north along the east edge of the county ,

is the major stream in the area (fig . 3) . Natural drainage in the lake plain is no t

well integrated, and a large part of the runoff is through manmade drains . The

Elm River heads in the northern part of the county and drains northward . Swa n

Creek flows southeastward across the lake plain and empties into the Maple River

a few miles southeast of Casselton. The Rush River heads in the NE cor . T . 143

N ., R. 53 W., and flows south for a distance of about 13 miles before turning i n

a southeasterly direction . About 6 miles southeast of Amenia, the channel disap-

pears . During periods of runoff, water flowing down the Rush River is channeled

into the Sheyenne River through a manmade drain . The Wild Rice River enter s

the county near the southeastern corner and flows in a northeasterly direction fo r

a distance of about 10 miles before entering the Red River of the North . The

Sheyenne River, which enters the county about 1 mile southeast of Kindred, flow s

northward for about 30 miles before emptying into the Red River of the North ,

north of Fargo .
Drainage in the Sheyenne and Maple deltas is largely subsurface . The sur-

ficial drainage pattern is poorly developed because the soils and underlying deposit s

are highly permeable . The Maple delta is drained in part by the Maple River ,

which flows in a northeasterly direction across the delta . Surficial drainage in

the Sheyenne delta consists of a few short, deep gullies in the northeast-facing

slope of the delta . These gullies carry runoff only during periods of heavy rain -

fall and (or) snow melting .
Drainage in the Drift Prairie is mostly interior . Numerous small depression s

collect runoff during periods of melting snow and heavy rainfall . The Drift
Prairie is also drained by the Maple River, Swan Creek, and the south branc h

of the Goose River . The Maple River flows from north to south through the wester n

part of the county . It leaves Cass County at the southern edge of sec . 34, T. 13 7

N., R. 55 W. and then reenters the county about 3 miles to the east . From this
point, the river flows northeasterly across the Maple delta and the lake plain be-

fore emptying into the Sheyenne River about 3 miles north of South West Fargo .

7 .
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Soils and land use

Most of the soils in Cass County are characterized by a thick black organi c
topsoil and limey subsoil . Omodt and others (1961) divided the soils of Cas s
County into the following general types : Barnes-Hamerly clay loam, Barnes-
Svea clay loam, Glyndon-Gardena loam, Embden-Ulen sandy loam, Hecla-Hamar
sandy loam, Fargo clay, Bearden clay, and Hamerly-Svea-Tetonka clay loam
( fig . 4 ). The Fargo clay is the dominant soil type, and, along with the Bearde n
clay, it covers the greater part of the lake plain . The Glyndon-Gardena loam an d
the Embden-Ulen sandy loam cover an area that roughly corresponds to th e
zone of littoral deposits bordering the lake plain on the west . The Hecla-Hamar

sandy loam covers most of the area occupied by the Sheyenne-Maple River deltas .
The Barnes-Hamerly, Barnes-Svea, and Hamerly-Svea-Tetonka clay loams cove r
most of the Drift Prairie .

Most of Cass County is cultivated; however, portions of the county lying in
the Sheyenne delta are used only for grazing because the light sandy soils are sub-
ject to wind erosion when tilled . Parts of the Drift Prairie, also, are used mainl y
for grazing because they have considerable relief and are subject to erosion by
water .

Climat e

The climate of the area is characterized by long, cold winters and short sum-

mers . During the winter, temperatures as low as 35° F below zero have been re -

corded . The summers are usually warm, and midday temperatures occasionall y

rise to 100° F. However, the average maximums are in the 80's . The mean annual

temperature is 39 .9 degrees . Mean annual precipitation for the period 193 9

through 1963 was 19 .30 inches; most of the precipitation falls between May an d

September .

PRE-PLEISTOCENE GEOLOG Y

Stratigraphy of pre-Pleistocene rock s

Cass County is covered with a thick mantle of glacial drift and no outcrops

of pre-Pleistocene rocks exist in the county . Information obtained from well log s

and test holes indicates that no rocks of Tertiary age are present. In most parts

8 .
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of the county, the pre-Pleistocene rocks immediately below the glacial drift are of
Cretaceous age . The Cretaceous rocks generally rest on Precambrian rocks;
however, in the northwestern part of the county, they may overlie Paleozoic rocks .
The stratigraphic relations of the bedrock units and the overlying drift are show n
in table 1 .

TABLE 1 . :5tratigraphic sequence and lithologic characteristics d bedrock units .

(U .S. Geological Survey nomenclature )

v D.

a

o
~

_

Alluvium Silt and clay on flood plains of
modern streams .

0-1 5

oO
o
w m

0' ;

~ y

o

c o
Sr i

G D
4 4
Pa

Glacial
drift

Glacial till, glaciofluvia l
deposits, and glacial lake
deposits .

132_447

Greenhorn Shale, grayish-black, calcareous ; 0-110
Formation thin beds of limestone, abundant

white specks and shell fragments .

t) Graneros Shale, dark-greenish-gray to 0-157
N Shale black, noncalcareous ; inter-
n°, + ; bedded silt and fine sand ,

f, commonly laminated, carbonaceous .

Dakota Sandstone, mostly fine-grained 0-143
Sandstone with interbedded black shale and

silt, some carbonaceous material .

Winnipeg Greenish-gray shale with a thin 0-200
.a

Formation basal sandstone . '
o
N

a C )
N
c 0

44

Undifferen -
tiated

'branite ' dark-green to red on
fresh surface ; weathered granite

Unknown

a
a

crystallin e
rocks

commonly consists of red, green ,
or white clay .
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PRECAMBRIAN CRYSTALLINE ROCK S

The crystalline rocks underlying Cass County are referred to the Precambria n

and commonly are termed "granite ." Very little is known about the composition

of these rocks because drilling is generally stopped when hard rock is reached .

Because Precambrian granite crops out in southwestern Minnesota, it is assume d

that the crystalline rocks underlying Cass County are also of granitic composi-

tion .
In the eastern part of the county, the depth to the crystalline rocks ranges fro m

132 to 300 feet . In the central and south-central parts, they are from 400 to 60 0

feet below land surface . No test holes or wells are known to have reached the Pre-

cambrian in the western part of the county . However, wells tapping Cretaceou s

aquifers at depths of as much as 900 feet below land surface indicate that th e

Precambrian rocks lie below this depth .
In most places, the upper part of the Precambrian rocks consists of varicolore d

day that is generally referred to as "weathered granite ." This material common-

ly contains granitic fragments and angular quartz grains, and is believed to b e

the weathered residuum of granitic rocks that were exposed to prolonged subaeria l

erosion .
In most of the area, the Precambrian rocks are overlain by Cretaceous rocks ;

however, locally the Cretaceous rocks are absent and the Precambrian is overlai n

directly by glacial deposits . The maximum thickness of Precambrian rocks

penetrated by test drilling is 243 feet .

PALEOZOIC ROCK S

Winnipeg Formatio n

According to Ballard (1963, p1. 3), the Winnipeg Formation of Middle Ordo-

vician age extends into the northwest corner of the county . In eastern Nort h

Dakota, the Winnipeg Formation is composed mainly of greenish-gray shale

that generally has a thin basal sandstone member (Ballard, 1963, p . 5). Where

it has been identified in eastern North Dakota, the Winnipeg unconformabl y

overlies Precambrian rocks .
The Winnipeg Formation is not known to have been penetrated by any well s

or test holes drilled in Cass County .

CRETACEOUS ROCK S

Cretaceous rocks underlie most of Cass County . These rocks have been ex-
tensively eroded in the central and eastern parts of the county ; consequently,

their distribution is not well known. The Cretaceous rocks tentatively are sub-
divided into the Dakota Sandstone, Graneros Shale, and Greenhorn Formation .

11 .
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Dakota Sandston e

The oldest Cretaceous rocks in eastern North Dakota generally are referre d
to as the Dakota Sandstone. However, lack of knowledge concerning the thicknes s
and lithology of these rocks prevents definite correlation with the Dakota Sand -
stone in areas farther west and south . The basal Dakota generally consists o f
fine to coarse white sand, but in some places it consists of interbedded silt, sand ,
and gray clay . The sand is generally clean, well sorted, angular to siibrounded ,
and is composed largely of quartz . The sand beds are generally poorly cemented
or not cemented at all . The upper part of the Dakota consists of interbedded black
and gray shale, silt, and very fine, gray sand . Locally, lignite and other carbon-
aceous materials are present. The variation in lithology and a general decreas e
in grain size from east to west indicate that the Dakota Sandstone in Cass County
is probably a littoral deposit formed in a transgressing sea .

The thickness of the Dakota Sandstone in Cass County ranges greatly . The
greatest thickness of Dakota penetrated was 143 feet in test hole 3119 (139-52 -
27aaa) . In the eastern part of the county it is considerably thinner, and a maximum
of 20 feet was penetrated in test hole 3099 (143-50-31ccc2) . The formation seems
to be absent in many places in the eastern part, even where younger Cretaceou s
shales are present.

Graneros Shale

In previous geologic studies of Cass County, the Cretaceous shales were groupe d
under the general term Benton Shale (Brookhart and Powell, 1961, p . 70). Collec-
tion of additional subsurface data, however, has permitted differentiation of th e
shales into the Greenhorn Formation and the Graneros Shale -- based on lithologi c
correlations with similar rocks described by Flint (1955, p . 23-25) in northeastern
South Dakota, and Baker (1967, p . 14-19) in southeastern North Dakota .

The Graneros Shale is predominantly a black, silty, noncalcareous to calcareou s
shale containing white or gray silt laminae and thin beds and lenses of fine whit e
sand . Lignite and other carbonaceous material, pyrite crystals, and fish scale s
are locally abundant . The presence of thin beds and lenses of sand, carbonaceou s
material, and pyrite indicates that the shale probably was deposited in a shallow -
water environment of restricted circulation .

The Graneros Shale underlies all of the county except the eastern part, wher e
it probably was removed by preglacial erosion . In western Cass County, th e
Graneros conformably overlies the Dakota Sandstone, but in the eastern par t
of the county, the Graneros, in places, unconformably overlies the Precambria n
rocks . The Graneros Shale is known to range in thickness from 0 to 157 feet ;
the greatest thickness penetrated was in a well drilled completely through the
Graneros and into the Dakota Sandstone (143-51-18dad) .

12 .
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Greenhorn Formatio n

The Greenhorn Formation is a grayish-black marine shale that contains thin

strata of limestone. The shale is highly calcareous and commonly contain s

abundant white specks and unidentifiable shell fragments of apparent marine ori-
gin .

Formerly, the Greenhorn Formation probably was coextensive with the Graneros
Shale and covered the entire county . However, post-Cretaceous erosion removed
the Greenhorn from the approximate eastern two-thirds of the county .

The Greenhorn Formation ranges in thickness from 0 to 110 feet . The greatest
thickness penetrated was in a well drilled to the Dakota Sandstone at 140-54 -

19cdd (Klausing, 1966, p . 139 ) .
Four test holes penetrated Cretaceous bedrock in the westernmost range o f

townships in Cass County . These were located 2 to 6 miles east of the Cass -
Barnes county line, and the youngest Cretaceous unit penetrated was the Green -
horn Formation . However, Kelly (1964, p . 68, 131) reported the Carlile Shale
and the Niobrara Formation in test holes located 1 to 2 miles west of the Cas s

County boundary. It is not known if these units extend into Cass County .

Topography of the bedrock surfac e

The topography of the bedrock surface in Cass County (pl . 1 in pocket) wa s
formed during Tertiary time by subaerial erosion and later was altered by glacia l
erosion . The map is based entirely on subsurface data, and is therefore some-

what conjectural.
The bedrock surface in the western part of the county seems to be rather flat ,

but in the central and eastern parts it is greatly dissected . The general slope of

the bedrock surface is to the east . The most prominent features are the two north-
ward-trending valleys in the centr al and eastern parts of the county . The two valley s
differ in that the westernmost one is wider and generally not so steep sided as the
one to the east. The eastern valley is a northward continuation of a valley origin-

ating in southern Richland County (Baker, 1967, pl . 2) . This valley, which may
be the ancestral Red River, turns east at Fargo and extends into Minnesota .

Pre-Pleistocene history

Very little is known about the geologic history of the Precambrian to Cretaceou s
interval in Cass County . The area is located on the eastern flank of the Willisto n
Basin and may not have received sediments during the Paleozoic and Mesozoi c

13 .
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Eras, with the possible exception of the Middle Ordovician ( Ballard, 1963, p . 30).
Rather, it seems likely that much of Cass County, especially the eastern part ,
was topogra.phically high during most of Paleozoic and Mesozoic time . During
this long interval, the Precambrian rocks were deeply weathered and probabl y
served as sources for some of the basin sediments to the west .

When the Cretaceous seas invaded the area, they covered an irregular an d
deeply weathered surface . The first advance of the sea was slow, and shallow water
probably covered all of the area except for hills and knobs of Precambrian rock s
that protruded above the sea as islands. The sediments deposited during thi s
advance consist of interbedded clay and sand that were deposited in a littora l
environment. The rock unit formed from these sediments is called the Dakota
Sandstone.

Later in Cretaceous time, the area was completely covered by water . The sedi-
ments deposited were mostly black organic mud (Graneros Shale) . The presence
of pyrite and carbonaceous material in the shale indicates a brackish-water en-
vironment; numerous thin beds and lenses of fine sand suggest that the shorelin e
was not far away . Apparently, the brackish-water conditions gave way to a marine

environment resulting in the formation of carbonate sediments interspersed wit h
calcareous muds . These sediments, on compaction and lithification, formed th e
Greenhorn Formation . The younger Cretaceous deposits that are present farthe r
west (Carlile Shale, Niobrara Formation, and Pierre Shale) are not known to be
present in the county . Undoubtedly the sediments forming these rocks were de -
posited in the county, but were subsequently removed .

After the Cretaceous seas receded, the area was subjected to subaerial erosion .
This period of erosion lasted throughout the Cenozoic Era and was terminated

when the Pleistocene glaciers overrode the area .

PLEISTOCENE GEOLOGY

Cass County is completely covered with glacial drift . The thickness of the

drift (including the glacial Lake Agassiz deposits) ranges from 132 to 447 feet

and averages more than 250 feet. The variations in thickness are due primaril y
to bedrock irregularities, as shown on plate 1 .

The surficial deposits of the county were formed as the last ice sheet receded

from the area in late Wisconsin time. However, evidence of older drift deposit s
in several parts of the county was discovered by test drilling . The age of the older
drift deposits is largely unknown .

14 .

001693



Subsurface unit s
The major subsurface units discussed in this section are buried outwash, un-

differentiated stratified drift, older till, and buried lake deposits .

OLDER TIL L

Studies made by Flint (1955) in South Dakota and by Lemke and Colto n

(1958) and others in North Dakota indicate that eastern North Dakota wa s

glaciated several times during Pleistocene time . Thus, it seems reasonable to as-
sume that the relatively thick deposits of drift underlying Cass County are composed
of several tills of different ages . There are, however, no outcrops in the county
in which more than one till has been differentiated ; and differentiation of tills by
examination of drill cuttings is very uncertain .

The till penetrated in the test holes drilled during this study was chiefly ligh t
to olive gray in color, but in places the test holes penetrated both olive-gra y

and dark-greenish-gray till . The darker till appeared to have no common horizo n
and its color may be a local phenomenon caused by included bedrock fragments .

Seven test holes, 139-49-28bab, 140-49-14dcd, 140-49-29ddd, 141-49-9baa2 ,
141-51-25ddd, 142-50-3bbb, and 142-53-1bab, drilled during the course of thi s
study, penetrated brown, oxidized (?) till at depths of 116 to 332 feet below lan d
surface. These oxidized (?) zones, which range in thickness from 4 to 42 feet ,
are evidence of older till underlying the surficial drift . Dennis and others (1949 ,
p . 26-29) recognized older till in the subsurface in the vicinity of Casselton ; how -
ever, a reevaluation of their sample logs indicates that the older till is not as thic k
and extensive as previously indicated . The altitudes of the weathered zones var y
greatly, and several older drift sheets may be represented .

The paucity of weathered zones within the till probably is a result of glacial
erosion. As each ice sheet moved across the area, it probably removed much o f
the drift left by the preceding ice sheet, including most of any weathered surface
that had formed .

BURIED OUTWAS H

Test drilling revealed the presence of a few bodies of buried outwash . The
approximate boundaries of the outwash bodies are shown on figure 5 .

The most extensive outwash body underlies an area of about 155 square mile s
in the northwestern part of the county . The outwash body is overlain and under-
lain by glacial till, and its top is between 40 and 140 feet below land surface .
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Minnesota .

The outwash in the vicinity of West Fargo is overlain by till and generall y

rests on Cretaceous or Precambrian rocks ; however, in a few places it rests on till .

The outwash body lies between 90 and 140 feet below land surface and is compose d

of materials ranging in size from fine sand to boulder . The thickness of this uni t

ranges from 0 to 140 feet .
Large quantities of ground water are withdrawn from this outwash body .

Dennis and others (1949, p . 34) identified the aquifer associated with the deposit s

as the "West Fargo aquifer . "

A small buried outwash deposit underlies an area of about 6 square miles i n

the vicinity of Fargo. This deposit is overlain by till and rests either on till o r

granite . Generally its top lies between 90 and 150 feet below land surface . The

deposit consists of sand and fine gravel and ranges in thickness from 0 to 16 0

feet . Test-hole data and well records indicate that the outwash body extends int o

Minnesota . A few industrial wells in Fargo withdraw water from this outwas h

deposit, and Dennis and others (1949, p . 34) named the aquifer the "Fargo aqui-

fer . "

A buried outwash deposit underlies an area of about 10 square miles in th e

southwestern part of the county . This deposit is overlain by 5 to 30 feet of till

and rests on till . It consists of sand and coarse gravel and has a known maximu m

thickness of 80 feet . Sand and gravel, believed to be part of this deposit, is exposed

along the south wall of an intermittent stream channel in the NE1/4 sec . 31, T .

137 N ., R . 55 W. These deposits have an exposed thickness of 10 to 15 feet . The

uppermost part consists of poorly sorted gravel that overlies laminated, fairl y

well-sorted sand (fig . 6) . Several farm wells pump water from an aquifer asso-

ciated with this outwash body .

FIGURE 6 . Buried outwash exposed on south side of intermittent stream channe l
(NE1/4 sec. 31, T. 137 N ., R . 55 W.) .
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BURIED STRATIFIED DRIFT, UNDIFFERENTIATE D

Deposits of silt and very fine sand, capped by 1 to 5 feet of till, are exposed i n
a railroad cut in the NE1/4NW1/4 sec . 20, T . 142 N ., R. 53 W. These deposits
have an exposed thickness of 10 to 20 feet (fig . 7) . Similar deposits are expose d
in railroad cuts in secs . 21 and 28, and in several other localities in T . 142 N . ,
R . 54 W. Fine to coarse sand, overlain by 9 to 14 feet of till, was penetrated i n

two test holes (142-54-1bbb and 142-54-8ddd) drilled in the northern part of 'I' .

142 N . Fine to medium, clayey sand, capped by 19 feet of till, was penetrated

in a test hole drilled near the south edge of the township . The silt and sand deposit s

are not known to be continuous, but the similarity of stratigraphic position suggest s

that they may represent a single large body of stratified drift . The deposits are

known to range in thickness from 10 to 78 feet .

FIGURE 7 . Buried stratified drift, undifferentiated, exposed in railroad cut in NE1/4
NW1/4 sec . 20, T . 142 N ., R . 53 W. (view looking north) .

BURIED LAKE DEPOSIT S

Dennis and others (1949, p . 26) described older lake deposits within the til l

near Casselton and discussed the probability that a lake existed in that area prio r

to the formation of glacial Lake Agassiz . The "older lake deposits" described

by Dennis and others (1949) are not extensive, and very few examples of older
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lake clay were found within the Lake Agassiz basin during the present study . Thi s
is to be expected, however, because much of such a deposit probably would be
destroyed by glacial erosion .

`Chick deposits of silt and clay were penetrated in two test holes drilled in th e
northeastern part of the county . The silt and clay are as much as 180 feet thic k
(pl. 2, section A-A ; in pocket), and probably represent a former glacial lake .

Drift of late Wisconsin ag e

TILL AND ASSOCIATED STRATIFIED DRIF T

The surficial features in Cass County are composed of glacial drift of late
Wisconsin age, and have been altered very little by post-Pleistocene erosion . The
features can be separated into till and associated stratified drift deposits of th e
Drift Prairie physiographic division, and the lacustrine deposits of the Red River
Valley physiographic division . Surficial geologic features are shown on plate 3
(in pocket).

Upham (1895) and Leverett (1912, 1932) mapped separate end moraine s
in western and southwestern Cass County . However, work done during the pre-
sent study did not reveal any evidence of end moraines in the county . The pro -
posed end moraines do not coincide with existing topographic "highs," and aeria l
photographs do not show any lineation patterns coincident with the courses des-
crilbed . Most of the area through which Upham's "Fergus Falls moraine" (1895 ,
pl. XIX) passes is nearly flat to slightly rolling and has none of the characteristic s

generally ascribed to end moraines . Also, according to Upham (1895, p . 160),
the eastern boundary of the Fergus Falls moraine in Cass County was marked by
numerous kames of sand and gravel . However, no kames were found in this area .
T .]? . Kelly (oral communication) did not identify the Fergus Falls moraine in
adjacent Barnes County. Leverett (1912, fig . 1 ; 1932, p . 111) mapped a north -
south "morainal belt" in southwestern Cass County ; however, there are no topo-
graphically high areas or other indications of morainal deposition in that par t

of the county .

The composition of the till varies greatly . In places it consists chiefly of silt ,

but in other places it consists largely of clay intermixed with sand and gravel .

Boulders are common but not abundant; cobbles are locally abundant. In sur-
face exposures, the color of the till is moderate yellowish brown because of oxida-

tion. The thickness of the zone of oxidation generally ranges from 10 to 30 feet .
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No exposures of unoxidized till are known to occur within the county, but sample s
from test holes are olive gray to dark greenish gray .

Three till landforms have been recognized in Cass County : ground moraine ,
washboard moraine, and a kettle chain .

Ground moraine.--Areas of till having low relief and lacking definite linea r
trends are called ground moraine ( Flint, 1955, p . 111) .

Ground moraine covers about 480 square miles in western Cass County (pl .
3 ), and extends into Barnes and Steele Counties . It is bounded on the east by beach
deposits of glacial Lake Agassiz . The topography varies from nearly flat t o
strongly rolling, with local relief ranging from 5 to 50 feet .

Washboard moraines.--Washboard moraines are characterized by numerou s

FIGURE 13 . Washboard moraines in southwestern Cass County . Vertical airphoto .
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low, subparallel, discontinuous ridges of till . In Cass County, these ridges tren d
northwest-southeast and rise from 10 to 15 feet above the surrounding terrain .
The ridges are minor recessional features that mark cyclic pauses of the ice front
during deglaciation (Winters, 1963, p. 19 ). They are slightly convex to the south -
west, indicating that the last ice sheet receded in a northeasterly direction . The
linear pattern displayed by the ridges and the intervening depressions is not ap-
parent in the field, but is easily seen on aerial photographs (fig. 8) . Washboard
moraines are common in the southwestern part of the county and extend into ad-
jacent areas in Barnes and Ransom Counties .

Kettle chain.--A kettle is a depression in the drift caused by the wasting away
of a completely or partially buried ice block . According to Flint (1953, p . 148 ), th e
largest and most conspicuous kettles result from the melting of relatively thic k
projecting ice masses . This type of kettle has steep-sided slopes that were formed
by slumping of the sediment when the supporting ice melted away . Smaller burie d
ice masses result in shallow kettles .

A rather prominent chain of kettles extends south of Alice for about 8 miles
in southwestern Cass County . The kettles are elongate in a north-south directio n
and some are as much as 1-1/2 miles long. They range in width from about half
a mile or less to nearly a mile, and have flat bottoms and steep sidewalls in which
till is exposed . Some are as much as 25 feet deep, nearly all contain lakes or
marshes that become dry during periods of prolonged drought .

Stratified drif t

Surficial deposits of stratified drift in Cass County consist of kames, eskers ,

outwash channel deposits, and river terrace deposits . The location of these units
is shown on plate 3 .

Kames.--Kames are low mounds and irregular-shaped hills composed of

washed drift that was deposited within, or at the edge of, glacial ice by melt-wate r

streams . The kames in Cass County range in height from 5 to 25 feet and hav e

gently sloping sides (fig . 9). They are composed of poorly sorted silt, sand, an d

gravel . The sand and gravel deposits generally are poorly stratified, but well -

stratified silt and sand beds are not unusual . The bedding ranges from horizonta l

to tilted . The tilted bedding was caused by slumping after the supporting ice wall s

melted .
Many of the kames or kamelike features are closely associated with eskers ,

and in places the two types of features cannot be differentiated ; therefore, they

are shown on the landforms map as one unit .

Eskers .--Eskers, which are sinuous ridges of stratified drift deposited by melt -

water streams flowing in tunnels or channels in the glacial ice, are unusuall y
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FIGU RE 9 . Typical kame in NE cor . sec .3,T .137 N ., R . 55 W. View looking southwest.

common in western Cass County . They are most abundant in the vicinity of Pag e
where they stand from 10 to 40 feet above the adjacent ground moraine . Most
of the larger eskers consist of sinuous to nearly straight segments that are as muc h
as 1-1/2 miles in length . The gaps between the segments generally are less tha n
a quarter of a mile in length . The longest esker in the county is 1 mile west o f
Page and has a total length of about 7 miles, including the gaps . It consists of a
series of steep-sided, irregular ridges and mounds that rise between 10 and 20 feet
above the adjacent ground moraine .

Most of the eskers are composed of poorly sorted sand and gravel . Generally
the range in grain size is small, but some deposits range widely in grain size .
Till is commonly draped over the flanks of the eskers and, in places, forms a thi n
mantle on their crests ( fig . 10 ) . In some eskers, till is locally intermixed with sand

and gravel . The degree of bedding in the sand and gravel varies considerably .

Some of the deposits are distinctly bedded, but in others the bedding is very in -
distinct (figs . 10 and 11) . The bedding is horizontal to tilted .

Exposures of eskers in pits and road cuts show thicknesses of stratified drif t
ranging from 3 to 10 feet . Auger holes, drilled by the Cass County Road Depart-
ment in an esker in the NW1/4 sec . 36, T . 143 N., R . 55 W., showed thicknesse s
of as much as 20 feet .

Maple River deposits and associated terraces.--The proglacial Maple Rive r
valley extends southward from the north edge of T. 140 N., R . 55 W. into Ranso m

County . The valley ranges in width from about one-tenth to half a mile and ha s
gently to steeply sloping walls . North of its confluence with the outwash channel
that extends southeasterly from Tower City, the Maple River valley is from 1 0
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FIGURE 10 . Poorly bedded sand and grave! in esker, NE1/4 sec . 17, T . 138 N ., R .
54 W. View looking south .

FIGURE U . Bedded sand and gravel in esker, SE1/4 sec . 28, T .141 N., R .55 W.
View looking south .
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to 20 feet deep . South of the confluence, the valley is 20 to 40 feet deep .
The valley of the Maple River is mantled with alluvium, which has a maximu m

known thickness of 6 feet . Test holes drilled in secs . 22 and 27, T . 140 N., R . 55
W., penetrated 1 to 2 feet of alluvium underlain by glacial outwash. The outwas h
consists of yellow clay, sand, and gravel that has a maximum thickness of about
14 feet . The sand and gravel beds are thin, ranging from 2 to 7 feet in thickness .
It is not known if outwash underlies the alluvium in the Maple River valley south
of T. 140 N. Several holes were augered to a depth of 6 feet, but none of them
completely penetrated the alluvium .

Near the SW cor . T . 137 N., R . 55 W., the bottoms of three "hanging" channel s
are as much as 20 feet above the bottom of the southeasterly-trending channe l
to which they are tributary . The tributary channels contain outwash of undeter-
mined thickness that is overlain by 1 to 2 feet of alluvium .

The "hanging" channels probably are diversion channels that were forme d
during earlier phases of the Maple River . When the ice east of the channels melted ,
a lower drainageway formed and the channels were abandoned .

Terrace remnants, which are most numerous along the east wall of the Maple
River valley, are from 5 to 30 feet above the present flood plain . The terrace
remnants range from a few hundred feet in length and width to more than a mil e
long and half' a mile wide. North of thexonfluence of the Maple River and the
outwash channel that extends southeasterly from Tower City, there is only on e
terrace, but south of the confluence there is evidence of two terraces . Where there
are two terraces, the lower one is generally well defined, having a relatively fla t
surface and art abrupt scarp (fig . 12) . The higher terrace remnants, which stand

10 to 20 feet above the lower terrace, generally are mantled by deposits of collu -

FIGURE 12 . Lower terrace, east side of Maple River in NW1/4 sec .3, T. 138 N . ,
R . 5.5 W. View looking east .
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vium, and are less distinct .
The terrace deposits are composed of silt, sand, gravel, and boulders, but san d

and gravel are the dominant size fractions (fig . 13). The deposits generally are
poorly bedded, but well-stratified beds of sand and gravel are not uncommon

(fig . 14) . The deposits range in thickness from 0 to 20 feet .
The Maple River terraces are erosional remnants of an early period of valle y

development that occurred during the retreat of the ice from the area . The terraces
probably were formed during the early stages of glacial Lake Agassiz ; however ,
correlation of the terraces with separate stages of the lake cannot be made .

During the formation of the Maple River valley south of the north edge of T .

140 N., glacial ice apparently occupied the area to the north . This is evidenced

by the absence of outwash or terrace deposits along the river north of T . 140 N .
Also, there is no distinguishable valley associated with this part of the river, indi-
cating that the Maple River north of T . 140 N. is of postglacial origin .

Ice-marginal outwash channels and associated deposits .--During melting o f
the last ice sheet, several outwash channels were eroded along successive margin s

of the northeasterly receding ice sheet . T. E. Kelly (written communication) map-

ped seven such outwash channels in eastern Barnes County . Six of the channel s

were reported to trend southeastward from Barnes County and into Cass County ,
but only three could be identified as outwash channels in Cass County . The othe r
three channels are represented in the county by small, linear bodies of stratifie d

FIGURE 14. Stratified sand and gravel in terrace deposit, east side of Maple Rive r
in NW1 /4 sec . 15, T. 138 N ., R. 55 W.
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drift that were laid down on or adjacent to stagnant ice . A brief discussion of
each of the outwash channels and stratified drift bodies follows .

The outwash channel extending southeasterly across the northwestern part o f
T. 137 N., R. 55 W, ranges in width from one-tenth to a quarter of a mile. It
has a gently concave bottom and steep-sided walls that rise as much as 40 feet
above the channel floor . Locally, terrace remnants flank the walls of the channel ,
but most of the terraces are of minor extent and are not differentiated from th e
channel deposits in plate 3 . The channel deposits are composed of sand and
gravel and have a known maximum thickness of 6 feet . The thickness of the
terrace deposits is not known, but is probably less than 6 feet . The channel de-
posits are overlain by 2 to 3 feet of alluvium and, in places, the terraces are covere d
with a thin veneer of slope wash .

The outwash channel extending southeasterly across the southwestern part o f
T. 140 N. and the northwest part of T . 139 N., R. 55 W, ranges in width from
one-tenth to half a mile. This channel has a relatively flat floor and gently sloping
walls that rise 20 to 30 feet above the channel floor. The channel deposits are
composed of sand and gravel that are as much as 22 feet thick . The sand and
gravel deposits are overlain by 1 to 2 feet of alluvium and are underlain by till .
The sand and gravel deposits in this channel are saturated, and serve as a water-
supply source for Tower City .

The outwash channel in the NW cor . T. 141 N., R. 55 W., ranges in width
from one-tenth to half a mile. The channel has a flat floor bordered by gentl y
sloping walls 5 to 10 feet high. The western part of the channel contains no out-
wash, but the eastern part contains fine to coarse sand of unknown thickness .

The outwash deposit in the SW cor. T. 142 N ., R. 55 W., is topographically
higher than the floor of the intermittent stream channel with which it seems to be
associated, and lies at about the same level as the adjacent ground moraine. Local
relief generally is less than 5 feet . The deposit is known to be as much as 6 fee t
thick, and is composed chiefly of sand and fine gravel . The topographic positio n
and the linear form of the deposit suggest that it was laid down in a channel tha t
was at least in part floored on stagnant ice and was subsequently lowered unt o
the : underlying till when the ice melted .

The western part of the small outwash body in the SW cor . T. 143 N., R . 55
W., is confined to a shallow channel, but the eastern part is unconfined and lie s
on nearly flat ground moraine. Local relief is generally less than 5 feet . The
outwash is composed of sand and gravel, and is overlain by 1 to 2 feet of allu-
vium. The outwash is known to be at least 6 feet thick, but the maximum thick-
ness is unknown. The eastern part of the outwash body probably was laid down
in water that was ponded in front of stagnant ice .

27.

001706



The outwash body in the NW cor . T . 143 N., R . 55 W, occupies an area o f
about 3 square miles . The deposits in the western part of the body have no definite
topographic expression, but the deposits in the eastern part stand 5 to 10 feet
above the surrounding terrain . There is a gradual increase in altitude from west
to east and the eastern part generally is 15 to 20 feet higher than the western part.
The deposits are composed chiefly of sand and gravel, but boulders as much as
2 feet in diameter are intermixed with the sand and gravel in a gravel pit locate d
in the SW cor . sec . 6 . The deposits are as much as 25 feet thick in the aforemen-
tioned gravel pit . Most of these deposits were laid down on or adjacent to stagnan t
ice by melt water discharging from an outwash channel in adjacent Barnes
County (Kelly, 1967, pl . 1). Some of the sand and gravel deposits probably
are collapsed outwash .

LAKE AGASSIZ DEPOSIT S

Most of Cass County, about 1,270 square miles, lies below the highest shore -
line and within the area covered by glacial Lake Agassiz. The Lake Agassiz deposits
in Cass County can be divided into the Sheyenne delta, Maple delta, shore deposits ,
and lake-plain deposits. The locations of these deposits are shown on plate 3 .

Sheyenne delta

The Sheyenne delta was named and described by Upham (1895, p . 315-317).
Leverett (1912, 1932) and Elson (1957) believed that the feature was a deposit
of ice contact stratified drift . Later studies made in Cass County (Dennis and
others, 1950) and in Richland County (Baker, 1967) support Upham's theor y
of deltaic origin . Data collected from test holes and surface exposures during th e
present study also indicate that the feature is of deltaic origin .

The Sheyenne delta occupies an area of about 60 square miles in the south-
central part of Cass County. Northeast of Leonard, the edge of the delta is marked
by a rather steep northeastward-facing escarpment that rises 75 to 100 feet above
the lake plain. To the west, the deposits merge with the smaller Maple delta, an d
to the northwest, with the littoral deposits of glacial Lake Agassiz . The northeast-
facing escarpment of the Sheyenne delta is continuous with the Campbell beac h
and is believed to be a wave-cut slope formed during the Campbell stage of th e
lake.

The Sheyenne delta deposits in Cass County consist chiefly of finely laminate d
silt and very fine to medium sand . In some exposures along the face of the delta ,
the deposits consist of silt and very fine sand interbedded with thin layers of dark -
gray clay .
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The exact thickness of the deposits at any given location is difficult to determine .

The lower beds of the delta have essentially the same texture and composition a s

the lake-floor deposits . Therefore, no definite boundary can be drawn between

the delta and lake-floor deposits . The greatest thickness of silt and sand penetrated
during test drilling on the Sheyenne delta was 121 feet in test hole 137-52-31bbb .

If the escarpment of the Sheyenne delta was formed during the Campbell stag e

of glacial Lake Agassiz, the time of formation of the delta is fixed . Most of th e

delta probably was formed before the lake declined to the Campbell level .

Maple delta

The Maple delta is located in the southwest part of T . 137 N., R . 54 W. It is
a small northeast-southwest-trending deposit bordered on the northwest by th e
littoral deposits of glacial Lake Agassiz, and on the southeast by the Sheyenn e
delta . The Maple delta is deeply entrenched along its long axis by the northeast-

ward-flowing Maple River . The boundaries of the delta, as shown on plate 3 ,

enclose only the sand and gravel facies of the deposit . The complete extent of th e

delta deposits is unknown because the finer sediments cannot be differentiated fro m
the adjacent littoral deposits of Lake Agassiz and deltaic deposits of the Sheyenn e
River .

The Maple delta deposits are composed of silt, sand, gravel, and a few boulders .
The predominant lithology is fine to coarse sand . The boulders are probabl y
ice-rafted erratics .

Little is known concerning the thickness of deposits in the Maple delta . The
only test hole (137-54 32ddd) drilled in the delta penetrated 49 feet of sand an d
gravel and 10 feet of silt before reaching the underlying till . It is not known if
the silt is deltaic or lacustrine in origin .

The time of formation of the Maple delta is not definitely known, except that i t
probably was contemporaneous with the Sheyenne delta .

Shore deposit s

A 4- to 10-mile wide belt of stratified gravel, sand, silt, and clay, which wa s
formed along the western shore of Lake Agassiz, extends from the Maple River
in southern Cass County northward to the northern edge of the county (pl . 3).
The shore deposits were formed on a wave-eroded till surface ; they are poorly
sorted to well sorted and range in thickness from 0 to as much as 15 feet (fig . 15).

In most places, the deposits have little surface expression except a gentle east -
ward slope. However, in places well-defined beach ridges are discernible on the
ground and in aerial photographs, and the crests of these ridges are shown i n
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FIGURE 15 . Typical beach deposit in SW1/4 sec . 1, T. 141 N ., R . 53 W. View of
Tinlah beach looking west .

plate 3. Upham (1895) described eight beaches that cross Cass County . Thes e
he named from oldest to youngest : Herman, Norcross, Tintah, Campbell, Mc -
Cauleyville, Blanchard, Hillsboro, and Emerado . However, work done during
this study revealed no evidence of the Blanchard and Emerado beaches in Cas s
County, and the McCauleyville and Hillsboro beaches are not as extensive a s
Upham indicated . Upham (1895, p . 221) believed that the five upper beaches
(Herman through McCauleyville) were formed during the time Lake Agassiz
drained southward through the Minnesota River . The lower beaches, according
to Upham, were formed during the time that the lake drained to the northeast .
Leverett (1932, p . 139) disagreed with Upham's interpretation of the time of
formation of the McCauleyville beach, and concluded that Lake Agassiz had no
connection with the southern outlet during the McCauleyville stage .

The four upper beaches extend in a southwesterly direction from the north
edge of the county and merge with the Sheyenne and Maple deltas southeast o f
Alice . Of the lower beaches, only the McCauleyville and Hillsboro, which ar e
prominent east of Hunter, extend into the county (pl . 3 ) .

Herman beach .--The highest continuous shoreline of Lake Agassiz was name d

the Herman beach by Upham (1895, p . 317) . The beach enters the north end o f

the county in sec. 6, T. 143 N ., R . 53 W., and extends in a southerly directio n
almost the entire length of the county to the north edge of sec . 31, T. 137 N., R .

54 W. where it becomes indistinct.
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The Herman shoreline is represented both by beach ridges and wave-cut slopes .
In the northwestern part of T. 143 N., R. 54 W., the shoreline is a wave-cut es-
carpment in the till. A short distance to the east the escarpment is paralleled b y
a low ridge of sand and gravel that probably formed as an offshore bar . From
Erie southward to the north edge of T . 138 N., R. 54 W, the Herman beach
consists of sand and gravel and has the appearance of a wave-cut slope . South
of T. 138 N., R . 54 W., to its terminus at the north edge of sec . 31, T. 137 N., R .
54 W, the beach is a low ridge of sand and gravel .

Norcross and Tintah beaches.--The Norcross and Tintah beaches parallel th e
Herman beach on the east . Generally they are low discontinuous ridge segments ,
but in a few places they appear to be wave-cut slopes. Generally the beach deposits
consist of sand and gravel . In the western part of T. 143 N., R. 52 W, the Tinta h
beach is a broad prominent ridge consisting chiefly of sand .

Campbell beach.—The Campbell beach is a prominent wave-cut slope tha t
enters the county about 2-1/2 miles north of Hunter . It extends in a south to
southwesterly direction to the north edge of sec . 5, T. 138 N., R . 53 W. From
this point the beach extends in a southeasterly direction and leaves the county about
6 miles southeast of Leonard . Southeast of the Maple River, the Campbell beac h
has been eroded into the northeast-facing slope of the Sheyenne delta . The exact
location of the beach is not definitely known because there are no prominen t
erosional features with which the beach can be correlated; however, the beach
probably corresponds to the 1,000-foot contour .

The Campbell beach rises 5 to 25 feet above the adjacent lake floor and con-
sists for the most part of silt and sand .

Lower beaches .—The two beaches below the Campbell are the McCauleyvill e
and Hillsboro . The McCauleyville is a low wave-cut slope eroded in clay . The
east-facing slope is fairly prominent where it crosses the section line road betwee n
sects . 24 and 25, T . 143 N., R. 52 W

The Hillsboro beach, which is the more prominent of the two lower beaches,
enters the county at the north edge of sec . 6, T. 143 N., R. 50 W., and extend s
southwesterly for a distance of about 12 miles to the south edge of T . 142 N., R.
51 W. The beach is composed chiefly of silt and very fine sand . Upham (1895 ,
p . 450) correlated the Hillsboro beach with the Maple ridge ; however, the features
are unrelated in origin .

Lake-plain deposit s

The Lake Agassiz plain occupies approximately the eastern half of the count y
and lies, for the most part, between the altitudes of 895 and 1,000 feet above se a
level . The plain is flat and featureless except for a few low ridges . The lake-plain
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deposits consist almost entirely of silt and clay .
Dennis and others (1949, p. 18,20) divided the lake-plain deposits into two

units, an upper "silt" unit and lower "clay" unit . They concluded that the lake
had been drained and refilled at least once, and that the silt unit had been laid
down in shallow water during the later lake stage. Brophy (1963, p. 23A) provided
additional evidence of two lake intervals when he reported the presence of plan t
remains and a dessication zone at the contact between the silt and clay units . Radio-
carbon dates reported by Brophy indicate that deposition of the silt unit bega n
about 9,900 years ago . Test-hole data collected during the present investigatio n
verify the existence of two lake deposits throughout most of the county east of th e
Campbell shoreline .

Differentiation of the silt and clay units is generally based on changes in tex-
ture; however, in many places it is extremely difficult to differentiate the two unit s
from drill cuttings . In such cases, color is used as a criterion for distinguishin g
the two units . The silt unit is generally yellowish brown to yellowish gray, where -
as the clay unit is almost always olive gray to dark greenish gray .

Sill unit.--In Cass County, the silt unit is the predominant lake-floor deposit .
It rests disconfhrmably upon the clay unit and is composed chiefly of yellowish -
brown to yellowish-gray silt . Locally the "silt" unit may consist entirely of clay
or sand. It ranges in thickness from 0 to as much as 54 feet in test hole 143-52 -
36ddd.

In many places deposits of sand underlie or are associated with the silt unit .
The presence of these deposits at the base of the silt suggests that a fluvial en-
vironment existed prior to deposition of the silt unit . In the vicinity of Kindred ,
the silt unit, locally, is underlain by very fine to coarse sand that is as much a s
50 feet thick . Dennis and others (1949, p . 25) concluded that part of this sand bod y
had been eroded from the face of the Sheyenne delta and redistributed lakeward
by wave action during the Campbell stage of Lake Agassiz, and that the rest wa s
deposited by the Sheyenne River during the Interlake period preceding deposition

of the silt. Dennis and others (1949, p . 25) believed also that the sand thickene d
toward the delta. The available data, however, indicate that the sand does no t

thicken toward the delta (pl . 1, section C-C' ) . The proximity of the shallow san d
deposits to the ;Sheyenne River, and the apparent absence of sand in the area be-
tween Kindred and the Sheyenne delta, suggest that the sand deposits at Kindre d
are fluvial in origin .

Clay unit.--The clay unit underlies the silt unit and rests unconformably upon
the till and associated deposits . This unit consists of olive-gray to dark-greenish-
gray plastic clay . Locally it is silty, and, occasionally ice-rafted sand, gravel an d

boulders are found in the clay . Test drilling and well records indicate that the da y
unit ranges in thickness from 0 to as much as 82 feet in test hole 140-49-36aaa .
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Maple and Sheyenne ridges .--Two long ridges, which rise 5 to 20 feet above

the surrounding lake plain, are the most prominent features in the southeaster n

part of the county (pl . 3 ) . The ridges consist of silt, sand, and gravel . The uppe r

10 to 25 feet consists of silt ; it is underlain by sand and gravel that may be as muc h

as 25 feet thick . The sand and gravel deposits, in turn, are underlain by lake clay .

The westernmost ridge, called the Maple ridge by Upham (1895, p . 450 ),

lies northwest of the Maple River, and parallels the river for a distance of abou t

15 miles . The Sheyenne ridge lies east of the Sheyenne River, and parallels th e

river for a distance of about 12 miles . It stands 5 to 10 feet above the lake plai n

and extends northward from the NW cor. T. 137 N., R . 49 W. to the SW part

of T. 139 N., R . 40 W. At this point, the ridge bifurcates and forms the Fargo and

West Fargo ridges ( Dennis and others, 1949, p . 11) . This ridge has a lithologi c

sequence similar to that of the Maple ridge, and is believed to have had a simila r

origin .
Upham (1895, p . 450) suggested that the Maple ridge was part of the Hillsbor o

beach . He believed that it had formed as a result of deposition of material erode d

from the margin of the Sheyenne delta and from the adjacent lakebed . Denni s
and others (1949, p . 37) proposed that the sand and gravel deposits underlying
the Maple River, Fargo, and West Fargo ridges could have originated either a s
near-shore deposits in a transgressing lake, or as fluvial deposits laid down durin g

an inter-lake period . They further postulated (p . 37-38) that after recession o f

lake waters from the area, the ridges were formed as a result of differential com-
paction of the sediments . The sand and gravel deposits underlying the ridges

were compacted less than the silt and clay deposits adjacent to the ridge .
The origin of the sand and gravel deposits underlying the ridges is questionable ;

however, the proximity and similarity of the trends of the ridges and the present
streams, and the fact that the sand and gravel deposits extend down into the lake
clay, suggest that the deposits were laid down by streams flowing across the lakebe d
during the inter-lake period . The main objection to a near-shore lacustrine origi n
is that there would be no source for coarse clastic material in a lake transgressin g
across a thick deposit of plastic lake clay . If the sand and gravel deposits extended
farther south than the present limits of the ridges, they probably were redistribute d
by currents or wave action during the second stage of the lake .

Intersecting minor ridges.--Numerous intersecting lineations are present in the
lowest and flattest part of the Lake Agassiz plain along the Red River . These fea-
tures, which are apparent only on aerial photographs, extend' northward fro m
Fargo, N . Dak . into Canada. Horberg(1951)described the features as northwest-
southeast-trending ridges that are 3 to 10 feet high, 75 to 100 feet wide, and a s
much as 6 miles long . According to Clayton and others (1965, p . 655) the linea-
tions in Walsh and Pembina Counties, N . Dak. are predominantly ridges ; but i n
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Cass County, the lineations are predominantly grooves . Horberg (1951, p . 15-16 )
concluded that the lineations are an unusual type of tundra or permafrost pat-
terned ground . As an alternate theory, he proposed that the ridges are fracture
fillings formed in lake ice . Colton (1958, p. 76) agreed with Horberg's alternate
theory and suggested that the ridges probably were formed by squeezing up o f
the soft lake sediment into cracks in thick lake ice when the level of Lake Agassi z
was at a low stage . Other workers (Nikiforoff, 1952, p . 99-103 ; and Elson, 1961 ,
p. 70) proposed different origins for the linear features . Clayton and others
(1965, p . 655) concluded that most of the intersecting ridges and grooves on th e
Lake Agassiz plain were formed by the dragging of thick sheets and blocks o f
wind-driven lake ice across the nearly flat bottom of glacial Lake Agassiz . Ac-
cording to them, this is the only theory that explains the pattern, orientation, an d
curvature of the ridges and grooves . They do not imply, however, that all the
linear features in the Lake Agassiz basin were formed by the above mentione d
process .

This writer agrees with Clayton and others in that most of the linear feature s
were caused by dragging of wind-driven ice blocks across the lakebed .

RECENT DEPOSIT S

Alluvium and dune sand are grouped under deposits of Recent age ; however ,
these deposits probably range in age from late Pleistocene to Recent .

Alluviu m

The alluvium consists of clay, silt, sand, and fine gravel that was deposite d

by postglacial streams . Only the alluvial deposits that form the flood plains of

the larger streams were mapped . Thin deposits, laid down by the smaller inter-
mittent postglacial streams, were not mapped . Likewise, thin deposits of cla y

and silt in undrained depressions in the ground moraine, as well as deposits of
colluvium along the valley walls of some of the streams, were not differentiated

from the underlying unit .
It is difficult to determine the thickness of the alluvium because of the lack o f

exposures . Augering in stream valleys and examination of exposures in undercu t

banks indicate that the alluvium is as much as 15 feet thick in places .
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Dune san d

Mappable areas of dune sand are present on the Sheyenne delta in the vicinit y

of Leonard (pl. 3 ) . The sand areas are characterized by hummocky topography ,

rather than distinct dunes, and the local relief is less than 10 feet . The dune sand

was derived from the delta ; consequently, the grain sizes (silt to fine sand) are

about the same as those of the deltaic deposits . The surficial sand is usually grayis h

brown in color because of the presence of decayed organic matter . The color be-

comes brown to yellowish brown with depth as the dune sand grades impercep-
tibly into the underlying deltaic deposits .

PLEISTOCENE AND RECENT HISTOR Y

During Pleistocene time, Cass County probably was covered several times b y

continental glaciers . Drift of pre-Wisconsin age has not been recognized in easter n

North Dakota, but Flint (1955, p . 30-41) identified drift of Nebraskan, Kansan ,

and Illinoian age in South Dakota . The distribution of pre-Wisconsin drift in

South Dakota indicates that the glaciers advanced southward via the James Rive r

and Red River lowlands . During Wisconsin time, Cass County probably wa s

covered by glacial ice three and possibly five times ( Lemke and others, 1965 ,

p . 13-26 ) .
Each of the advancing ice sheets that crossed the county left deposits of drift ,

and each succeeding ice sheet removed and redistributed these deposits . The
deposits left by the various ice sheets are so similar in lithology that they canno t

be easily differentiated . Evidence of more than one drift sheet in the county can

be found only in a few places .
Great thicknesses of glacial drift were deposited in the county and by the tim e

of the last glacial recession, the pre-Pleistocene topography was completely buried .
The northwest-southeast-trending washboard moraines and ice-marginal outwas h
channels located in the western part of the county indicate that the last ice sheet
receded in a northeasterly direction . As the ice receded from the northward-slopin g
Red River Valley, a large proglacial lake, called Lake Agassiz, was formed i n
eastern North Dakota and western Minnesota . About three-fourths of Cas s
County was covered by the lake waters .

At its maximum, Lake Agassiz extended from northeastern South Dakota into
Canada, where its area exceeded that in the United States . According to Upha m
(1895, p . 215 ), the average width of the lake was about 150 miles . The greates t
depth of Lake Agassiz in Cass County during its maximum ( Herman) stage wa s
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about 150 feet. The lake had an outlet to the south through a valley now occupie d
by the Bois de Sioux River and a chain of lakes and marshes . Differential erosion
of the bottom of the channel was accompanied by rapid declines of the lake level
and resulted in the formation of well-defined shorelines. As the ice continued to
recede, outlets were uncovered to the northeast, and Lake Agassiz gradually re -
ceded from Cass County .

Some of the more prominent features in Cass County were formed during the
time glacial Lake Agassiz I occupied the Red River Valley . During the highest
stage of Lake Agassiz, a well-defined shoreline (Herman shoreline) was formed ,
and an extensive delta, which extended into Cass County was formed at the mouth
of the Sheyenne River. Another prominent shoreline(Campbell shoreline) probabl y
was formed before Lake Agassiz I drained . The prominence of the Herman and
Campbell beaches indicates that the lake stood at these levels longer than at an y
other .

After Lake Agassiz I receded from Cass County, the lake plain was subjecte d
to subaerial erosion and, in places, there was abundant plant growth. Durin g
this interlake period, two streams, probably predecessors of the Sheyenne and Maple
Rivers, deposited sand and gravel in shallow channels eroded into the lake plain .

The Interlake period terminated about 9,900 years ago when a readvance o f
glacial ice blocked the northern outlets and caused the basin to be refilled to abou t
the level of the Campbell beach .

When the glacial ice again receded sufficiently to uncover the northeastern out-
lets, the lake level lowered and gradually receded from Cass County . The lak e
must have been relatively shallow and of short duration because the shorelin e
features that were formed during this stage of the lake are not conspicuous . During
this last stage of Lake Agassiz, wave action smoothed the lake floor and a blanket
of silt was laid down on top of the existing lake clays .

After Lake Agassiz II had receded from Cass County, the lake plain ha d
essentially the same form that is seen today . Recent erosion has produced no pro-
minent changes in the late Pleistocene landscape .
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GUIDELINE 32 - COMPOSTING POULTRY AND OTHER DEAD ANIMALS
North Dakota Department of Health - Division of Waste Management
918 E. Divide Ave., 3rd Fl., Bismarck, ND 58501-1947
Telephone: 701.328.5166 C Fax: 701.328.5200 C Website:  www.ndhealth.gov/wm
Updated 04-2009

I.  Introduction

The North Dakota Department of Health (NDDH) generally regulates composting of solid waste, as
specified in North Dakota Century Code Chapter 23-29 and North Dakota Administrative Code (NDAC)
Article 33-20.  Under the definitions included in Section 33-20-01.1-03 NDAC, composting is defined as,
“the controlled biological decomposition of organic solid wastes under aerobic conditions.”  Additional
information on the regulation of solid waste, including composting activities, as well as water protection
under the North Dakota Solid Waste Management Rules includes the following:

< Chapter 33-20-02.1 Permit Provisions and Procedures;
< Chapter 33-20-03.1 Permit Application Provisions;
< Chapter 33-20-04.1 General Performance Standards; and
< Chapter 33-20-13 Water Protection Provisions.

To meet the requirements for the NDDH’s compost standards, a compost pile must be carefully managed
to maintain proper nutrient balance, oxygen content, temperature, and moisture.  Vector control must be
addressed.  Since some concern may arise due to leachate (water contaminated by waste products)
migration as well as by odors and vectors, the Department generally requires that someone proposing a
waste management facility submit a preapplication to determine the general suitability of the site for the
proposed facility.

II.  Alternatives

Composting problem wastes such as animal carcasses is difficult, as proper management takes careful
planning, construction, operation, and resources.  Wintertime compost operations may not be feasible. 
For many operators, it is probably cheaper and easier to try to reduce mortality (reduce the waste) and, as
necessary, arrange for dead animals to be rendered (a list of grease renderers is available on the
Department’s website).  Local municipal solid waste landfills permitted by the Department are also
available to handle dead animals (a list is available from the Department).

III.  Section 33-20-03.1-01: Preapplication Procedures  

A preapplication, submitted to the Department for review before the onset of any extensive facility
design, normally consists of a preliminary facility description and a site assessment as follows:

1. The preliminary facility description must include, at a minimum, the location of the facility, a
projection of capacity, size, daily waste receipts, type of waste accepted, years of operation,
description of operation and costs, and a discussion of the proposed facility’s compliance with
local zoning requirements; and

2. The preliminary site assessment must include available information about the site’s geology,
hydrogeology, topography, soils, and hydrology, based on existing information.
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The information provided in the preapplication should evaluate the appropriateness of the site, in view of
the general location standards detailed in Section 33-20-04.1-01 of the solid waste management rules.  In
addition, the preapplication submitted to the Department should be aware of the requirements of
Chapter 33-20-13 “Water Protection Provisions,” however, exact details on the measures necessary for
water protection would be discussed as part of the facility’s preapplication review.  The preapplication
procedure allows the Department to interact with the proposed facility’s owner/operator to provide
guidance on site selection, facility construction, operation, etc., before extensive amounts of time and
money are expended in the facility’s planning.

IV.  Section 33-20-04.1-01: General Location Standards

Discuss site selection for solid waste facilities.  Site selection for an animal carcass composting facility
should be carefully considered to prevent or reduce potential contamination of surface water or
groundwater resources.  Leachate (contaminated water) generated from the waste decomposition process
typically is contaminated with nitrogen, phosphorous, or microorganisms.  Leachate may contaminate
surface or groundwater resources.  Site selection should involve an assessment of the proposed site’s soil
types, depth to groundwater, and distance to surface water.  Compost facility site selection usually
dictates the facility design necessary to protect surface water and groundwater from potential
contamination.  The Department may restrict establishment of animal composting facilities at some sites,
based on potential impact of water resources.  Approval of the site will help ensure that the composting
facility operation maintains compliance with water protection provisions.  Overall, the Department
recommends the following criteria for siting an animal carcass composting facility:

1. Avoid sites underlain by sandy or gravelly (coarse textured) soils.  These soils possess relatively
large pore spaces that allow rapid water infiltration and movement.  In the event that
contaminated leachate is released during the composting operation, coarse textured soils act do
not prevent transport of contaminants to groundwater resources.  In many locations of the state,
coarse textured soils are underlain by a water table or near-surface groundwater aquifer.  These
aquifers are particularly vulnerable to contamination from surface or near-surface activities
because the aquifer is “exposed” to the surface via coarse textured soils.

2. Avoid sites within a 100-year floodplain, within 200 feet of any surface water or wetland, or sites
that are near or in ravines, channels, or woody draws.

Once a preapplication has been approved, the proposed facility’s owner/operator may submit the
additional details necessary to address any concerns arising due to the state solid waste management rules
and the concerns expressed in the preapplication review.

In addition to the General Location Standards detailed above, Chapter 33-20-04.1 includes the general
performance standards for solid waste management facilities.  These additional sections in this chapter
that are pertinent to composting activities include:

< Section 33-20-04.1-02 General Facility Standards;
< Section 33-20-04.1-03 Plan of Operation;
< Section 33-20-04.1-04 Record keeping and Reporting;
< Section 33-20-04.1-05 General Closure Standards; and
< Section 33-20-04.1-07 Piles Used for Storage and Treatment - Standards.
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These sections should be reviewed in detail by any proposer wishing to develop an animal waste
composting facility.  Some requirements may need more explanation than others.  Some of the specific
requirements may be applicable to other types of facilities such as a landfill (not applicable or NA) or
may be simply answered in a one or two sentence statements.  Some requirements will need careful
explanation.  To help the proposer for a facility, the following discussion is intended to help guide them
through the various sections and requirements.  Any proposer is also advised to work closely with the
North Dakota Department of Agriculture, the National Resources Conservation Service (formerly the Soil
Conservation Service) who has publications pertinent to animal waste composting and other technical
resources.

V.  Section 33-20-04.1-07: Piles Used for Storage and Treatment 
Detail some specific design and operating standards for compost systems.  Design of the animal carcass
composting facility will depend on the facility’s size and method of operation.  Careful facility design
such as constructing a sturdy enclosure with a roof, rot-resistant walls and supports, screening, and an
impervious floor can control moisture in the compost (thus preventing leachate generation and soil
infiltration) as well as controlling vectors (flies, rats, skunks, snakes, etc.).  Similarly, in-vessel
composting systems can help ensure control of all parameters.  Issues to be considered include:

1. Vector control.

2. Comply with the general facility standards of Section 33-20-04.1-02 (partially discussed below).

3. Maintain the site including the removal of all solid waste, as necessary, and at closure to a
permitted facility, or otherwise manage the waste that is in keeping with the purpose of this
article.  This part of the application should detail what will be done with the end product
(compost) and what will be done in the event of system disruption and at closure.

4. Requirements for waste piles likely to produce a leachate, such as animal waste compost systems
include:

a. Depending on the site and the facility design and operation, the base of the compost
operating area must be adequately lined with concrete, asphalt, specification-compacted
clay, or an artificial liner to control or restrict downward migration of leachate.  A liner
thickness may be reduced if moisture can be carefully controlled and at sites that are
underlain by thick deposits of clay-rich soil and a relatively deep water table.  The liner
or pad must be durable and large enough to allow the equipment to maneuver.

b. Waste piles likely to produce a leachate must establish structures adequate to control run-
on and runoff from a 24-hour, 25-year storm to prevent potential surface water or
groundwater contamination.  Permanently constructed and well maintained earthen berms
of adequate design should be sufficient to control surface water run-on and runoff.  The
Department also recommends that the composting facility describe methods to manage
contaminated runoff ponded within berms.

Based on site and waste characteristics, the Department may require other environmental measures as
listed.

VI.  Section 33-20-04.1-02: General Facility Standards 
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Requires a facility owner/operator to provide for the training of facility personnel in procedures necessary
for the specific facility and to provide for routine inspections of the facility.

In addition, the standards stipulate that all facilities shall comply with the water protection provisions, not
cause a discharge of pollutants into the waters of the state, and not cause a violation of the ambient air
quality standards or odor rules, Article 33-15, at the facility boundary.

A description of the equipment necessary for composting operations to meet the environmental standards
described in subsections 2 through 5 and may vary with the method used.  For any system other than an
in-vessel system, a loader or similar equipment will be necessary to create and turn the pile and to remove
finished compost.  Systems using active ventilation or piping in the pile will need piping and probably a
blower.  To monitor temperature, a compost thermometer with a long probe is necessary.  Systems may
need a meter to monitor pH levels.  If large particles and resistant bones are a problem, compost grinding
or classification may be necessary.  Spreading equipment may also be necessary.

Some specific requirements such as for a sign at the facility can be adapted, as necessary, for a
composting facility.  A facility not taking a wide variety of wastes, and not open for public use, would
only need to indicate the name of the facility, the name and telephone number of the owner and operator,
specify on the sign that the facility is only for the animal wastes specified for the facility, and have a
statement restricting trespassing.

The general facility standards provide general requirements for routine inspection (subs. 8.) and (subs. 9.)
control of spillage and windblown waste materials, rubbish, trash or garbage.  If animal waste is spilled or
scattered, cleanup must be undertaken promptly.

VII.  33-20-04.1-03: Plan of Operation

All facilities shall have a plan of operation specific to their facility as follows:

1. The owner or operator must prepare and implement a plan of operation approved by the
Department that describes the facility’s operation to operating personnel and the facility must be
operated in accordance with the plan.  The operation plan should address the rule requirements
and the items generally discussed in this guide for the operation of a nuisance-free composting
facility.  It is advised that the operation of an animal composting facility will need to be
monitored and records kept (see subsection 2, 33-20-04.1-04) on a daily basis to ensure the
following:

a. The waste is limited to only dead birds and any bulking agents or admixtures necessary to
promote controlled composting.  The operation must screen waste and train employees to
ensure that no garbage, trash, etc., is mixed with the compost.

b. A description of waste handling procedures such as:

(1) Waste should be segregated at collection points and carefully transported. 
Mortality should be processed daily;

(2) A base of litter must be provided.  Dead birds and litter plus a carbon-rich
bulking agent (such as wood chips, straw, corn cobs, etc.) should be added in
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layers so that aeration and a carbon to nitrogen ratio is in the range of 15:1 to
35:1 (optimum 23:1) is maintained.  Dead birds should be kept six inches from
the edges and sealed with litter each day;

(3) Moisture content of the blended compost material should be maintained between
40 and 60 percent (wet weight basis).  Biological activity in the compost pile
may become inhibited if the pile is too dry.  Too wet a pile may cause anaerobic
(lack of air) conditions, resulting in strong odors, a slower composting rate, and
possible leachate generation.  A good source of clean water should be available
for makeup in case of dry conditions;

(4) The temperature must reach a minimum of 130EF for at least 7 to 10 days in each
heat cycle to process the carcasses and kill the pathogens.  A temperature drop or
an increase above 140EF indicates it is time to aerate or mix and move the
compost.  A minimum of two heat cycles are necessary.  Adequate temperatures
may not be reached during wintertime, thus affecting the viability of the process. 
The plan should address wintertime waste management;

(5) Maintenance of adequate oxygen levels is necessary to ensure proper aerobic
biological activity, control temperatures, and control odors.  Measures to
maintain oxygen levels in the compost include turning the pile as necessary,
providing bulking agents, and providing piping into and under the compost to
add air; and

(6) Control of odors, flies, or vermin resulting from animal waste composting must
be addressed.  Serious complaints can be expected as a result of a poorly
managed animal carcass composting operation.  Enclosing the facility with a roof
and screen or using an In-Vessel system, as well as adhering to a detailed
operation plan to minimize development of potential nuisances or health and
safety threats is prudent.  Use of odor or vector control measures, as necessary,
should be employed.

c. The facility must be inspected as required by subsection 2 of 33-20-04.1-03.  It is advised
that the facility be inspected daily when it is in active use for the measures described
above and any other measures necessary to provide for controlled composting in
accordance with the state rules.

d. Contingencies must be addressed in the event of a fire, leaks, groundwater contamination,
other releases (odors, dust, vectors, surface water releases, etc.) or other issues pertinent
to the facility.  The contingency action procedures should provide details (names,
addresses, phone numbers) as to who will respond and what timely measures will be
undertaken to address noncompliant conditions.  For example, if vectors are noted on a
daily inspection, the contingency action identified in the plan might be to call an
exterminator that day and have him eradicate the vector problem.  During successive
days, remedial measures such as turning the compost and installing a screen over and
around the pile could be completed.  The problem and corrective measures will need to
be described in the daily log will be described in the annual report to the Department.

e. Leachate removal and management must be addressed.  If the system is covered with a
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roof and no run-on or runoff is feasible, no leachate should migrate from the pile.  If a
system is to be open to the air, liners, berms, lined ponds, leachate testing and leachate
transport to a disposal facility (such as a nearby Publicly Owned Treatment Works
(POTW) should be addressed.

f. Safety procedures and health considerations should be addressed.  Composting promotes
the growth of the fungus Aspergillus fumigatus which can affect the lungs of compost
workers.  Other diseases and pathogens are possible if the compost operation is not
adequately maintained.  The risk of infection to healthy individuals working at compost
facilities is relatively low.  Individuals who have asthma, diabetes, or suppressed immune
systems, however, should not work at a compost facility.  The following measures are
appropriate:

(1) Workers should be aware that disease-producing microorganisms may be in the
work environment.  Protective clothing or coveralls should be worn, and
employees should wash up before breaks and lunch and at the end of the work
period.  Contaminated clothing should not be worn home by employees;

(2) Workers must maintain high standards of hygiene such as washing hands before
meals, breaks, and before going home;

(3) During dry weather the composting area should be sprinkled with water to
prevent dust;

(4) To reduce dust inhalation, workers should wear adequate dust respirators;

(5) Safety shoes and glasses should be worn where necessary; and

(6) The compost facility should not be located near any residences, businesses, or
public facilities.

g. Sequential partial closure for landfills - Not Applicable (NA) for compost facilities.

h. Industrial waste procedures for on-site compost facilities only receiving dead animal
carcasses need only provide assurances that people handling, transporting, and managing
the waste will be trained to ensure that unallowed waste will not be managed by the
compost facility.  A list of unallowed waste might be helpful for training and operation.

2. The owner or operator shall inspect the facility to ensure compliance with the rules and shall keep
an inspection log including information such as the date of inspection, the name of the inspector,
a notation of observations made, and the date and nature of any repairs or corrective action taken.

VIII.  Section 33-20-04.1-04: Recordkeeping and Reporting

This section states:

1. The facility may not receive waste until the construction has been approved;
2. The owner or operator must keep appropriate records at or near the facility that are available for
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inspection; and
3. The owner or operator must submit an annual report by March first of each year.

IX.  Section 33-20-04.1-05: General Closure Standards

A compost facility that is well operated will only need to complete the compost operation and land spread
the compost as detailed in the plans.  The owner/operator should detail what will be done in the
eventuality that the facility goes out of business or the process is disrupted.  In such a case, the owner/
operator should describe how he will remove the waste, transport it, and what facility will handle the
waste (such as a local municipal solid waste landfill).  As part of the contingency plan, the owner/operator
must state what arrangements are made for this eventuality (what landfill, equipment, etc.).  A written
closure plan and closure documentation is required (see rules).

X.  Chapter 33-20-13: Water Protection Provisions

This Chapter describes the site characterization procedures and, if necessary, the groundwater monitoring
provisions.  Well sited, designed, and operated facilities probably do not need groundwater monitoring. 
Site with course, sandy soils and a high water table might need monitoring.  The water quality standards
referenced in this Chapter refer to the North Dakota Century Code Chapter 61-28.  State law does not
allow pollution of waters of the state.

XI.  Conclusion

We hope that these guidelines are useful to anyone considering animal carcass composting facilities. 
Please contact the Division of Waste Management at 701.328.5166 with questions or comments
concerning this guideline or any alternative waste management methods.

Related documents: (available from the Department’s website): www.ndhealth.gov/wm
1. Grease Renderers List.
2. ND Solid Waste Management Rules, Chapter 33-20-04.1, General Performance Standards.
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NATURAL RESOURCES CONSERVATION SERVICE 
CONSERVATION PRACTICE STANDARD 

ANIMAL MORTALITY FACILITY 
(No.) 

CODE 316 

DEFINITION 
An on-farm facility for the treatment or disposal 
of livestock and poultry carcasses. 

PURPOSES 
This practice may be applied as part of a 
conservation management system to support 
one or more of the following purposes: 

• Decrease non-point source pollution of 
surface and groundwater resources 

• Reduce the impact of odors that result 
from improperly handled animal mortality 

• Decrease the likelihood of the spread of 
disease or other pathogens that result 
from the interaction of animal mortality and 
predators 

• To provide contingencies for normal and 
catastrophic mortality events 

CONDITIONS WHERE PRACTICE 
APPLIES 
This practice applies where animal carcass 
treatment or disposal must be considered as a 
component of a waste management system for 
livestock or poultry operations.  It applies 
where on-farm carcass treatment and disposal 
are permitted by federal, State, and local laws, 
rules, and regulations. It also applies where a 
waste management system plan as described 
in the National Engineering Handbook (NEH), 
Part 651, Agricultural Waste Management 
Field Handbook (AWMFH) has been 
developed that accounts for the end use of the 
product from the mortality facility.  This 
practice includes disposal of both normal and 
catastrophic animal mortality; however, it does 
not apply to catastrophic mortality resulting 
from disease. 

CRITERIA 
General Criteria Applicable to All Purposes 

The facility shall be designed to handle normal 
mortality and/or catastrophic mortality.  

The planning and design of animal mortality 
facilities or processes must conform to all 
federal, State and local laws, rules and 
regulations.  This includes provisions for 
closing and/or removing the facility where 
required. 

All structural components integral to animal 
mortality management shall meet the structural 
loads and design criteria as described in 
NRCS conservation practice standard 313, 
Waste Storage Facility, unless otherwise 
designated.   

Where an animal mortality facility can be 
damaged by surface runoff, the runoff shall be 
diverted away from the facility. 

Location.  The location shall minimize the 
impact of the facility on odor and other air 
quality issues affecting neighboring 
residences, as well as minimizing the impact of 
the facility on surface and ground water 
resources.  In addition, the facility, where 
practical, shall be generally down gradient 
from a spring or well.  

The animal mortality facility shall be located 
outside the 100 year floodplain; however if site 
restrictions require location within a floodplain, 
they shall be protected from inundation or 
damage. 

The location of the animal mortality facility 
shall be consistent with the overall site plan for 
the livestock or poultry operation.    
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Seepage Control.  Where seepage from 
mortality facilities will create a potential water 
quality problem and it is deemed necessary to 
reduce seepage, use AWMFH, Appendix 10D, 
for clay liner design criteria, or other 
acceptable liner technology. 

Criteria Applicable to All Purposes – 
Normal Mortality 

The facility shall be located as close to the 
source of mortality as practical, considering 
bio-security issues and the need to keep the 
facility out of sight of the general public. 

Composters.   

General.  Design of facilities for composting 
animal mortality shall conform to conservation 
practice standard 317, Composting Facility, or 
the guidance in National Engineering 
Handbook Part 637, Chapter 2 – Composting 
(NEH 637.0211, Dead Animal Composting).  

Freezers.   

General.  Freezer units shall be of the chest 
type with a construction compatible with the 
mechanism to be used to empty the freezer.  
Provisions for protecting the freezer unit from 
precipitation and direct sun shall be made as 
deemed appropriate. 

The freezer unit design, construction, power 
source, and unit installation shall be in 
accordance with manufacturer's 
recommendations.  Freezers shall be 
constructed of durable material with a life 
expectancy compatible with other aspects of 
the waste management system.  The freezer 
container shall be leakproof to minimize odor 
and leachate pollution. 

Where needed, the freezer will be placed on a 
pad of suitable strength to withstand loads 
imposed with vehicular traffic consistent with 
equipment used to load or remove the box or 
tray.  

Temperature. The freezers shall be self-
contained units designed to freeze animal 
carcasses before decomposition occurs.  For 
best results, the temperature of the carcasses 
shall be maintained between 220 and 260 F. 

Capacity.  Freezer units shall be sized to 
accommodate the normal maximum volume of 
mortality to be expected in the interval 
between emptying.  Volume calculations shall 

include the expected mortality rate of the 
animal, the period of time between emptying 
where mortality is given on a per day basis, the 
average weight of the animal between 
emptying, and a conversion factor for weight to 
volume.  For broiler operations use a weight to 
volume conversion of a minimum of 45 pounds 
per cubic foot.  Capacity calculations shall be 
supported by a removal schedule supplied by 
an integrator or approved vendor. 

Power Source.  An alternative source of 
power, where available, shall be used to 
maintain the integrity of the freezing process 
during power outages.  Where an alternative 
power source will not be available, the 
operation and maintenance plan shall contain 
contingencies for disposal of the poultry 
mortality. 

Disposal Pit.   

General. Disposal pits shall not be located on 
sites with:  

1) highly permeable soils or over fractured or 
cavernous bedrock within two feet of the  
bottom of the pit unless an approved liner 
is used, or 

2) soils with a seasonal high water table less 
than two feet from the bottom of the pit. 

Size and Capacity.  Pits shall be sized to 
accommodate the normal mortality in 
accordance with criteria acceptable to state 
and local regulatory agencies.  The disposal 
pit shall be a minimum of 4 feet wide and 4 
feet long.  No minimum depth is required, but 
the selected depth shall accommodate 2 feet 
of cover over the mortality.  Multiple pits shall 
be separated by a minimum of three feet of 
undisturbed or compacted soil. 

Structural Loading and Design.  Vehicular 
traffic shall not be allowed within four feet of 
the pit structure.  Fences or other barriers shall 
be used to exclude vehicles where necessary. 

The disposal pit shall be cased with masonry 
blocks, treated timber, or a pre-cast concrete 
septic tank conforming to American Society of 
Testing Materials (ASTM) C1227-00b 
Standard Specification for Pre-cast Septic 
Tanks.  In all cases, the bottom of the pit shall 
remain exposed to the soil.  If the pre-cast 
septic tank is used, it shall be fabricated with 
three 6-inch openings in each end, and five six 
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inch openings in each side.  When masonry 
block are used, every fourth block in each 
course shall be laid sideways (openings 
toward the outside) except the top and bottom 
courses.  The bottom course shall be on a 
reinforced concrete footing of at least one foot 
wide and six inches thick.  When treated 
timbers are used for walls, a one-inch spacing 
shall be left between timbers.   

For pits that are four to five feet deep, a step or 
bench 18 inches wide and one-foot deep shall 
be dug around the perimeter of the main pit so 
the remaining vertical wall shall not exceed 
four feet.  For pits greater than five feet deep, 
the earthen wall shall be sloped back at 1 1/2 
horizontal and 1 vertical or flatter.  

The top of a disposal pit shall be covered with 
a slab constructed of reinforced concrete or 
treated timber having an appropriately sized 
hole for a drop chute.  A pit over eight feet long 
shall have drop chutes every five feet and a 
minimum of two drop chutes.  The drop chutes 
shall be appropriately covered and made of 
drainage tile, or concrete, clay, or polyvinyl 
chloride (PVC) pipe.  A ten-inch opening is 
recommended for chickens, and a twelve-inch 
opening for turkeys and suckling pigs. 

Incinerators.   

General. Incinerators shall be dual burning 
Type 4 (human and animal remains) approved 
for use within the state.  

Capacity.  Minimum incinerator capacity shall 
be based on the average daily weight of 
animal mortality and the length of time the 
incinerator will be operated each day.   

Location.  The incinerator shall be located a 
minimum of 20 feet from any structure.  The 
incinerator shall be placed on a concrete pad 
with the fuel source as distant as practical.  If 
the incinerator is covered with a roof, at least 
six inches are required between the incinerator 
chimney and any combustible roof parts. 

Criteria Applicable to All Purposes – 
Catastrophic Mortality 

General.   Processes addressed by this 
standard shall be limited to burial and 
composting.  Catastrophic mortality shall be 
collected as soon as practical and moved 
away from the production facility.   

Location.  The facility shall be located as far 
away from neighboring dwellings and the 
poultry or livestock operation as site conditions 
permit.  Locate on sites with restricted 
percolation and a minimum of two feet 
between the bottom of the facility and the 
seasonal high water table unless special 
design features are incorporated that address 
seepage rates and non-encroachment of 
contaminants into the water table.  Use 
AWMFH Appendix 10D for selection of sites 
where seepage will be restricted with normal 
construction techniques.   

Burial Pit 

General.  Catastrophic mortality resulting from 
natural conditions such as temperature 
extremes shall be buried on-site or as 
otherwise directed by state and local 
regulatory agencies.  Burial of catastrophic 
mortality shall be timed to minimize the effects 
of mortality expansion during early stages of 
the decay process.  Where possible and 
permitted by state law, mortality shall remain 
uncovered or lightly covered until bloating has 
occurred, or methods employed to reduce or 
eliminate bloating.  Topsoil shall be retained to 
re-grade the disposal site after the ground has 
settled as the decay process is completed.  
Stockpiled soil shall be no closer than 20 feet 
from the edge of the burial pit.  

Size and Capacity.  Pits shall be sized to 
accommodate catastrophic mortality using 
appropriate weight to volume conversions.  
Capacity shall be in accordance with criteria 
acceptable to state and local regulatory 
agencies.  The burial pit shall be a minimum of 
4 feet wide with length necessary to 
accommodate mortality.  Depth shall 
accommodate a minimum of 2 feet of cover 
over the mortality.  Pit bottoms shall be 
relatively level.  Lengths may be limited by soil 
suitability and slope.  If more than one pit is 
required, they shall be separated by a 
minimum of three feet of undisturbed or 
compacted soil.  The burial site shall be of 
sufficient volume to contain the mortality with a 
minimum of two feet of soil cover.  The burial 
site shall be finish graded to slightly above 
natural ground elevation to accommodate 
settling.   

Conservation Practice Standard - 316 
June 2004 

Page 3 of 5 
001728



USDA-NRCS - North Dakota 
FOTG - Section IV - Conservation Practices  

Structural Loading and Design.  Vehicular 
traffic shall not be allowed within four feet of 
the pit edge. 

For pits that are four to five feet deep, a step or 
bench 18 inches wide and one foot deep will 
be dug around the perimeter of the main pit so 
the remaining vertical wall will not exceed four 
feet.  For pits greater than five feet deep, the 
earthen wall shall be sloped back at 1 1/2 
horizontal and 1 vertical or flatter.  

Composting 

General.  Catastrophic mortality composting 
shall be in either passive piles or windrows as 
described in National Engineering Handbook 
Part 637, Chapter 2 – Composting (NEH 
637.0210 and NEH 637.0211). 

Composting mortality shall be protected from 
precipitation as necessary, or provisions made 
for collecting contaminated runoff.  Static piles 
or windrows covered with sawdust, finished 
compost, or other benign material will not need 
further protection. 

CONSIDERATIONS 
Major considerations in planning animal 
mortality management are: 

• Available equipment at the operation,  
• The management capabilities of the 

operator,  
• The degree of pollution control required by 

state and local agencies,  
• The economics of the available 

alternatives, and 
• Effect on neighbors. 

Consideration should be given to prevailing 
wind direction and neighbors when siting 
animal mortality disposal facilities.  A minimum 
of 900 feet should separate the facility from the 
nearest neighboring residence, and the facility 
should be 200 feet from a well, spring, or water 
course. 

Runoff from the livestock or poultry facility, or 
from outside areas should be diverted away 
from the animal mortality disposal facility. 

Composting of poultry mortality will be 
hindered if the bird carcasses are allowed to 
freeze.  Birds should be kept in a dry, non-
freezing environment until added to the 
compost mix. 

Facility sizes for composting large animal 
carcasses should reflect the longer compost 
periods required. 

The following table lists factors that could be 
used in determining minimum daily weight of 
animal mortality when sizing incinerators: 

TYPE OF ANIMAL     DAILY LOSS FACTOR 
                                     (pounds/day/animal) 

Chicken: 
Broilers   0.0024 
Laying hens  0.0014 
Breeding hens  0.0019 
Breeder, male  0.0082 

Turkeys: 
Hen   0.0081 
Tom, light  0.0193 
Tom, feather production 0.0286 

Swine: 
Suckling pigs  0.0400 
(per sow) 

Poultry operations often experience higher 
rates of mortality as the birds reach maturity.  
The capacity of incinerators should be sized to 
insure the mortality of the large birds can be 
handled within the time frame allowed for 
incineration. 

An alternative to prevent bloating of 
catastrophic mortality die off could include 
opening animal thoracic and abdominal 
cavities and viscera prior to placing required 
cover. 

Incineration produces varying quantities of ash 
that will need to be properly handled.   

Vegetative screens and topography can be 
used to shield the animal disposal facility from 
public view, and to minimize visual impact.   

State requirements for record keeping vary.  
Items such as burial site location, type and 
quantity of mortality, burial date, and other 
pertinent details should be noted at the time of 
burial. 

Operators should maintain a list of current 
phone numbers for state and local officials to 
aid in notification if disease-related 
catastrophic mortality occurs. 
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Safety devices such as fencing, warning signs, 
and freezer locks may be necessary at certain 
sites. 

Bio-security concerns should be addressed in 
all aspects of planning, installation, and 
operation and maintenance of an Animal 
Mortality Facility. 

Ground disturbing activities such as 
excavation and site preparation for disposal 
facilities have the potential to affect significant 
cultural resources. 

OPERATION AND MAINTENANCE 
An operation and maintenance plan applicable 
to this practice that includes, but is not limited 
to, the items listed below will be developed 
with the operator, and will become a part of the 
overall waste management system plan.  The 
requirements in the individual operation and 
maintenance plan shall be consistent with the 
practice purposes, intended life, and design 
criteria.  Safety considerations shall be 
prominently displayed in the plan. 

Normal Mortality 
Animal mortality facilities will normally be 
operated or used on a daily basis.  At each 
operation or use, the facility shall be inspected 
to note any maintenance needs or indicators of 
operation problems.   

Catastrophic Mortality 
Possible locations for catastrophic animal 
mortality facilities shall be located during the 
planning process to be operated as needed.   

Burial of catastrophic mortality shall be timed 
to minimize the effects of mortality expansion 
during early stages of the decay process.  
Where possible and permitted by state law, 
mortality shall remain uncovered or lightly 
covered until bloating has occurred.  Some 
topsoil shall be retained to re-grade the 
disposal site after the ground has settled as 
the decay process is largely completed.  

Where composting is used for catastrophic 
mortality disposal, the operation and 
maintenance plan shall identify the most likely 
compost medium, possible compost recipes, 
operational information, and equipment that 
will need to be readily available. 

PLANS AND SPECIFICATIONS 
Plans and specifications for animal mortality 
facilities shall be in keeping with this standard 
and shall describe the requirements for 
applying this practice to achieve its intended 
purpose.   

REFERENCES 
Agricultural Waste Management Field 
Handbook (AWMFH) 
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Chapter 2, Composting 
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NRCS National Handbook of Conservation 
Practices 

ASTM C1227-00b Standard Specification for 
Pre-cast Septic Tanks 
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637.0211 Dead animal
composting

(a) General

Composting dead animals is an excellent alternative to
the traditional methods of their disposal, particularly
burning and burying. It provides an environmentally
safe and relatively inexpensive method of converting
the carcasses into a useful and often marketable
product. The composting system for this purpose is
easy to implement and requires minimal labor, time,
and capital investment.

Dead animal composting has mostly been directed
toward broiler mortality, but has also been used to
successfully manage swine, turkey, and even bovine
mortality. To ensure complete decomposition of larger
animals requires a longer composting period. A way to
shorten the time required is to make cuts in the larger

muscles and open the gut to increase the surface area
exposed to biological activity.

The most used method for dead animal composting is
the bin method. It can be either a single stage or two-
stage method that uses primary and secondary bins.
The single stage method is recommended for smaller
operations that do not have the necessary equipment,
such as front-end loaders available. The two-stage
method is recommended for those operations that
have a high mortality and the necessary equipment for
the composting operations. A third stage may be
necessary for larger animals, such as turkeys and
mature swine.

Material is loaded into the primary bin (fig. 2–14) in
layers (fig. 2–15). The temperature rises to highs
between 135 and 150 degrees Fahrenheit within 2 to 4
days and remains elevated for several days. Once the
temperature begins to cool from the peak temperature,
usually within 7 to 10 days, the material is unloaded
from the primary bins. The material from the primary
bins is then either loaded into the secondary bins or,

Figure 2–14 Dead bird composter

Removable
wall

Removable wall

Concrete pad

Manure
storage

Secondary
bin

Primary
bin

Secondary
bin

Primary
bin

Plan view

Concrete
Pad

Metal roof

Purlins

Elevation side view

001732



2–45(210-VI-NEH, February 2000)

Part 637
National Engineering Handbook

CompostingChapter  2

for single-stage operations, placed in curing piles. The
material in the secondary bins reheats and cools after
7 to 10 days. Curing is generally done in an enclosed
storage area or outside under a protective tarp. This
allows new material to be loaded into the secondary
bins. The finished compost can be sold or applied to
the land.

The recipe for dead animal composting should be
formulated so that a C:N ratio between 13:1 and 15:1
and a moisture content of 40 to 60 percent are ob-
tained. Dead animal bodies have a low C:N ratio.
Poultry manure, often used in the recipe for dead

animal composting, also has a low C:N ratio unless it
contains a significant amount of bedding material. To
achieve a recipe having the recommended C:N ratio, a
carbon amendment must be added to the mix. Straw
or sawdust is generally used.

The carbon amendment can be omitted from the mix
to reduce costs. Without it, however, the mix has a
reduced C:N ratio with decreased aeration, and the
ammonia odor increases upon mixing. As such,
composting without the carbon amendment results in
a tradeoff of decreased expenses for increased odors
as well as the risk of incomplete composting. This

Figure 2–15 Dead bird bin composting schematic
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incomplete stabilization also results in decreased
compost quality and possibly inadequate pathogen
destruction if the temperature is not maintained above
130 degrees Fahrenheit for 15 to 20 days.

Dead animal composting facilities should be sited
where drainage and ingress and egress are good.  For
bin composting, a permanent structure, such as bins
constructed of treated lumber or concrete, within a
pole-frame building with concrete floors is the most
desirable. This type facility offers easier overall opera-
tion and management, especially during inclement
weather, and is more aesthetic (fig. 2–15). Bins can
also be constructed of bales of low-quality hay.  This
type of construction is less expensive and provides
flexibility that a permanent structure would not have,
such as the number of bins and their location.  Bale
bins can also be used along with a permanent struc-
ture facility to provide additional composting capacity
when the need arises.  These bins are constructed with
large round bales (5 to 6 feet in diameter placed end-
to-end to form walls for three-sided enclosures).
Some states may require that composters be roofed.

Compost produced from dead poultry or other animals
is generally lower in nitrogen than broiler litter be-
cause of losses through denitrification and volatiliza-
tion. It is higher in P2O5 and K2O than broiler litter
because of the reduction in volume that is typically 25
to 30 percent and a mass reduction of about 15 per-
cent.

(b) Dead poultry and small animal
composting

The following guidelines for composting dead poultry
are adapted from those developed by Auburn Univer-
sity for the NRCS based on their study (McCaskey
1993):

• Use only approved plans for construction of
compost facilities.

• Provide 200 cubic feet of primary bin capacity
per 20,000 birds on hand and an equal amount of
secondary bin capacity. For example, a poultry
producer with a flock of 40,000 birds per brood
would need 400 cubic feet of primary bin and 400
cubic feet of secondary bin capacity.

• Remove poultry mortalities daily from poultry
houses.

• Use one of the following recipes (amounts are
expressed as parts per weight basis):
— With carbon amendment (peanut hulls or

chopped hay or straw)
Litter ............................ 3 to 4 parts
Carbon amendment ... 0.2 to 0.4 parts
Mortalities ................... 1 part
Water ........................... 0.5 to 1 parts

— Without carbon amendment
Litter ............................ 4 to 6 parts
Mortalities ................... 1 part
Water ........................... 0.75 to 1 parts

Compost ingredients should be added to achieve
about 30 to 40 percent moisture in the initial mix
regardless of recipe used.

• Monitor compost to see that a temperature
greater than 122 degrees F for at least 5 days as
an average throughout the composting mass is
achieved. This temperature and time criterion
can be achieved during either the primary or
secondary composting stages or as the cumula-
tive time of greater than 122 degrees Fahrenheit
in both stages.

• Leave primary compost in the bin until the tem-
perature reaches its maximum and then shows a
steady decline for 1 week. If the maximum tem-
perature during primary composting is less than
122 degrees Fahrenheit, the compost should be
mixed and aerated to encourage heating. This is
accomplished by moving the compost to the
secondary bin. This step, mixing and aeration,
should be repeated until the compost has
achieved at least 5 days of temperatures greater
than 122 degrees Fahrenheit. Generally, heating
during primary and secondary composting is
adequate. When the compost has achieved a
temperature greater 122 degrees Fahrenheit for
at least 5 days, the composting process is ad-
equate to eliminate the bacterial pathogens
Listeria monocytogenes, Escherichia coli

0157:H7, and Salmonella typhimurium.

• Store stabilized compost until it is convenient to
land apply it or prepare it for sale to others. Use
the secondary bin for stabilized compost storage
or remove the compost from the secondary bin
and place it in a facility where it is protected
from the weather. Compost to be land applied
should be tested for N-P-K and applied at rates
appropriate for the type of crop grown.
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(c) Dead swine and large animal
composting

Determining the size of a dead swine composting
facility is similar to sizing a poultry composting facil-
ity. The method is given in a step-by-step fashion
below and is illustrated in example 2–1. The best data
for herd mortality can be obtained from the swine
producer. If information from the producer is not
available, the mortality rate and carcass design weight
values in table 2–5 should be used.

(1) Method to determine the size of a dead
swine composting facility

Step 1. Determine the weight (lb) of dead animals per
year for each size of animal using the following equa-
tions.

Baby pigs:
S LPS PPL MR DW PDA× × × × =

where:
S = number of sows
LPS = number of litters per sow
PPL = pigs per litter
MR = mortality rate (% expressed as decimal)
DW = design weight (lb)
PDA = weight of dead animals (lb/yr)

Sows nursery pigs, boars and finishing hogs:
S MR DW PDA× × =

Step 2. Determine the average weight of dead ani-
mals per day (AWDAD):

TPDA
AWDAD

365 days
=

Step 3. Determine the primary bin size for the
composting facility. Primary bin size for composting
dead swine can be determined using one of two vol-
ume factors (VF).

• When sawdust is used as the composting carbon
source with no added nitrogen source, VF = 20
cubic feet per pound of dead animal per day
(Fulhage 1992).

• When sawdust is used as composting carbon
source and poultry litter, swine manure, or other
nitrogen source is added to adjust the carbon-to-
nitrogen (C:N) ratio, VF = 10 cubic feet per
pound of dead animal (Henry 1995).

Sample using sawdust as a carbon source with no
nitrogen source added:

AWDAD x VF= TPV

where:
AWDAD = average weight of dead animals per day

(lb/d)
VF = volume factor
TPV = total primary bin volume required

The typical height of a compost pile when in an open
(hay bale) facility is 4.5 feet, thus the floor area of a
single primary bin is:

TPV
CH

PBFA=

where:
TPV = total primary bin volume required
CH = height of compost pile
PBFA = primary bin floor area (for a single bin)

The second and third stage bins require the same
volume as the first stage bin.

(2) Loading the first stage bin
A typical stage one composting bin is loaded using the
following sequences according to type of facility and
the materials used for composting.

Table 2–5 Mortality rates and design carcass weights
for determining the size of a dead swine
composting facility

Animal type Mortality rate (%) Design weight (lb)

Baby pigs 20 5
2 litters/sow/year
10 piglets/litter

nursery pigs 2-3 50

sows 6 400

boars 550

finishing hogs 2 220

001735



Part 637
National Engineering Handbook

CompostingChapter  2

2–48 (210-VI-NEH, February 2000)

Composting with no nitrogen adjustment:

Sawdust is layered with the dead animals for compost-
ing according to the recipe in table 2–6.  The first layer
is 1 foot of sawdust. To speed composting and prevent
excess bloating, an incision should be made into the
abdomen of any pig larger than 50 pounds. After each
pig is placed in the composter, it is covered with 6
inches of sawdust. The sawdust is sloped so that
runoff will be directed from the facility.  When the bin
reaches a height of 4.5 feet, a 6-inch minimum layer of
sawdust is placed on top and sloped to shed water.

The C:N ratio of the mixture in table 2–6 is approxi-
mately the carbon source with a minimum of 6 inches
of 300:1, which is the C:N ratio for sawdust (Henry,
1990). This is much higher than that desired for dead
animal composting because no outside nitrogen
source is used.

Composting with a nitrogen adjustment

The composting process will be more efficient if the
nitrogen concentration in the mixture is adjusted.
Table 2–7 shows the recipe for composting dead swine
when poultry litter is used to adjust the carbon-to-
nitrogen ratio.

The C:N ratios of two mixtures above are 15:1 for
sawdust and 17:1 for straw. These ratios are lower
than typical composting C:N ratios of 25:1.  However,
they correspond with values for dead animal compost-
ing in the NRCS, Agricultural Waste Management Field
Handbook (NRCS, 1992).

Loading sequence when composting with litter

A typical stage one composting bin is loaded using the
following sequence and according to the prescribed
mix in table 2–7:
1. 1 foot of dry litter is placed on the floor of the bin
to soak up excess moisture. This is not part of the
recipe in table 2–6.

2. A 6-inch layer of carbon source/bulking agent is
placed on top of the manure to aid aeration under the
carcasses.

3. A uniform layer of carcasses is added on top of the
carbon source with a minimum of 6 inches of litter
added next to the sidewalls to keep the carcasses
away from the sidewalls.

4. A minimum of 6 inches of litter is immediately
added to cover the top of the carcasses.

5. The second and each subsequent combination of
carbon source, carcasses, and liner (batch) starts with
a layer of carbon source, then a layer of carcasses, and
then a layer of litter added in proportion required in
the prescribed mix (table 2–5). A minimum of four
bins should be planned for proper sequencing of the
composting process.

6. When the loading of the primary bin is completed
an additional 6-inch cap of litter is added to the top of
the compost mix.  This 6 inches of litter is in addition
to the litter that was added to the top of the last batch.

Table 2–6 Mix for composting dead swine with sawdust

Weight ratio Volume ratio

Sawdust 1.5 5.5

Carcasses 1.0 1.0

Water l/

1/ Water is added as needed to maintain a damp sponge
consistency.

Table 2–7 Mix for composting dead swine with broiler
litter using sawdust/straw as a carbon source
and bulking agent

Weight ratio Volume ratio

Sawdust/straw 1.0/0 3 3.0/1.0

Litter 2.0 4.0

Water 0.7 0.5

Carcasses 1.0 1.0
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Example 2–2 Determining the size of a dead swine composting facility

Given: A hog operation having 300 sows.  Sows have 2 litters per year with 10 pigs in each litter.

Required: Determine the bin size for a dead swine composting facility using sawdust as carbon source.
Additional nitrogen from another source will not be added to compost mix..

Solution:
1. Determine total weight of dead animals per year using data from table 2–5:

Baby pig mortality
PDA = S x LPS x PPL x MR x DW

= 300 sows x 2 litters/sow x 10 pigs/litter x 0.20 x 5 lb/pig
= 6,000 lb

Sow mortality
PDA = S x MR x DW

= 300 sows x 0.06 x 400 lb/sow
= 7,200 lb

TPDA = Baby PDA + Sow PDA
= 6,000 lb + 7,200 lb
= 13,200 lb

2. Determine the average weight of dead animals per day:
AWDAD = TPDA/365

= 13,200 lb/365 days
= 36.2 lb/day

3. Determine primary bin size for composting facility
TPV = AWDAD x VF

= 36.2 lb/day x 20 ft3/lb
= 724 ft3

The second and third stage bins require the same volume as the primary bin. The third stage
volume could possibly be reduced by 15 percent. However, this would limit use of this bin for
the third stage only.

Using a compost pile height of 4.5 feet, the floor area of the bin would be:
Floor Area = 724 ft3/ 4.5 ft =161 ft2
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Abstract  

Although reinforced concrete is one of the most durable construction materials, in farm buildings it is subjected 
to high levels of hydrogen sulfide and sulfate that result in corrosion. This leads to premature deterioration of 
slatted floors and other concrete components of liquid manure storages. The rehabilitation of reinforced 
concrete structures due to corrosion is expensive and impractical.  Prevention is the better approach. 
Hazardous gases are released from stored manure. Of these, hydrogen sulfide is the most corrosive. Sulfate-
reducing bacteria generate sulfuric acid as the end of their metabolism  

48 concrete cylinders, 100mm diameter and 100mm high, were made with Portland cement, and various 
combinations of slag, fly ash and silica fume. Each has a reinforcing steel bar embedded in it. 24 cylinders are 
half immersed in sodium sulfate (20,000ppm SO4

2-) and also subjected to hydrogen sulfide gas (1,000ppm 
H2S). The second set of 24 is subjected only to hydrogen sulfide gas. In each set, there are 8 different 
treatments. 

Initial results indicate that after 11 cycles of testing over about 22 months that the PC concrete with 0.5 W/C 
ratio is the least corrosion resistant. All treatments containing silica fume, fly ash or slag, except the fly 
ash/silica fume combination, performed better thus far than PC concrete with 0.4 W/C ratio.  Also, there is an 
indication that concrete with sulfate resistant cement is more resistant than type I Portland cement.  
Indeed, sulfate resistant cement concrete was one of the best performers in both sets of tests. 

Keywords:  Corrosion, concrete, fly ash, manure storage, silica fume, slag 
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Introduction 

The liquid manure storage facilities of a swine or dairy operation constitute a significant part of 
the agricultural building infrastructure investment. It is important that these facilities perform as 
expected and that they do so for the expected life of the operation. However, concrete in farm 
buildings are subjected to severe hydrogen sulfide and sulfate concentrations that result in the 
corrosion of reinforced concrete. This leads to premature deterioration of walls and floors, 
especially slatted floors, to the point of requiring replacement.  
The Ontario Farmer of Sept. 11, 2001 reported the collapse of a hog barn in Innerkip, Ontario, 
on a calm August day, presumably as a result of corrosion of the supporting concrete piers 
inside the liquid manure tank.  The upper parts of the piers, above the normal manure level, 
were so badly corroded to expose the bars.  The 12-year old structure collapsed killing 200 
hogs and causing damage in excess of CAN$ 0.7M. In some swine barns in Ontario a 50% loss 
of expected service life was reported, when regular concrete mixes were used.  It is estimated 
that an average annual cost of depreciation on all structures is about $250 million and about 
$100 to 150 million is spent on repairs. 
In order to improve the durability of concrete and the environmental protection under such 
severe agricultural aggressive conditions, some recent investigations have been made in an 
attempt to reduce the rate of deterioration by changing the concrete composition (De Belie et al. 
1997; Idriss 2000; Jiang 2002).  
In this study concrete made with various combinations of Portland cement, slag, fly ash and 
silica fume is subjected to hydrogen sulfide gas and sulfate solution. The overall objective of this 
study is to provide the technology to design and construct reinforced concrete liquid manure 
tanks that will be able to withstand the corrosive environment created by the manure, and to 
provide structures with a reasonable service life (25 to 30 years). The results of this research 
will help finding the most cost-effective solution for reducing concrete corrosion to a minimum 
and enhance the service life of reinforced concrete in livestock buildings, thus making better 
recommendations for durable structures in contact with manure.   This paper reports on the 
progress in the present study in which various combinations of Portland cement, slag, fly ash 
and silica fume are subjected to hydrogen sulfide gas and sulfate solution. 

Background  

The reason for the deterioration of concrete, even of high quality concrete, is the specific 
aggressive environmental conditions often occurring on and below floors in animal houses 
where manure is collected and stored below the floor. Chemical components from feed residues 
and manure may attack the concrete floor surface.  Different authors have mentioned the 
presence of large amounts of lactic and acidic acid and the aggressive ions Cl-, SO4

2-, Mg2+, and 
NH4

+. The pH and concentrations of aggressive substances in some samples taken from barns 
with slatted floors for fattening pigs are presented in Table 1. Table 2 shows the chemical 
composition of liquid, slurry and solid manure of fattening pigs (Svennerstedt et al.1999).  
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Table 1. Analysis of samples taken in barns for fattening pigs 

Location pH Lactic acid 
(mg/g) 

Acetic acid 
(mg/g) 

NH3-N 

(mg/g) 

Cl- 

(mg/g) 

SO4
2- 

(mg/g) 

Mg2+ 

(mg/g) 

NO3
- 

(mg/g) 

In drinking 
bowl 7.3 0.02 0.40 0.01 0.21 0.00 0.02 0.00 

In wet feeder 5.2-5.9 0.12 0.17 0.09 0.94 0.40 0.66 0.00 

In front of wet 
feeder 5.05 22.00 5.43 1.6 0.87 0.67 1.20 0.00 

In front of dry 
feeder 6.69 5.12 6.63 2.10 2.62 0.87 2.44 0.00 

 
Table 2. Chemical composition of fattening pig manure, in g/L 

Chemical Composition Liquid manure Slurry  Solid Manure 

Ammonium (NH4-N) 6.5 1.3 – 5.5 1.9 

Phosphate (P2O5) 0.9 3.6 – 6.6  9.0 

K2O 4.5 2.0 – 6.1 3.5 

CaO 0.6 2.4 – 4.4 9.0 

MgO 0.2 0.6 – 2.0 2.5 

Cl- 4.0 0.6 – 3.3 2.0 

SO4
2- 1.8 1.0 – 2.0 - 

Acetic Acid - 3.2 – 11.0 - 

 
Comparison of the concentration in samples taken from floors in pig houses with those in pig 
manure reveals that most of the aggressive ions and of the acetic acid comes from the manure. 
However, the lactic acid originates from acidified meal/water mixtures, and is therefore the main 
source of severe concrete degradation near or in between the feed and water supply 
(Svennerstedt et al.1999).  As well, milking parlor floors suffer from lactic acid corrosion.  CSA A 
23.1 (1994) specifies the requirements for concretes subjected to high concentrations of SO4

2-. 
They are shown in Table 3. 
 
Table 3.  Aggressiveness of solution to concrete, in mg/L 

Exposure 
Class Degree of exposure SO4

2- concentration 
(mg/L) 

Max. water-
cementing material 

ratio 

Portland cement 
type to be used 

S-1 very severe >10,000 0.40 type V 

S-2 severe 1,500 – 10,000 0.45 type V 

S-3 moderate 150 – 1500 0.50 type II, IV or V 

 negligible <150  type I 
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Hazardous gases on farms are found in silos, manure storages, grain bins, and barns. These 
structures provide confined spaces in which corrosive gases may accumulate to dangerous 
levels. When manure is stored for long periods without agitation, it undergoes anaerobic 
decomposition during which manure gases are produced. Warm weather and poor ventilation 
can increase production of these gases. Liquid manure tanks therefore can hold toxic levels of 
gases, or lack of oxygen. Intermittent agitation of manure in a liquid storage results in a rapid 
increase in the release of manure gases (Brunet 2002).  
Decay of organic matter in manure pits leads to formation of H2S, which can be transformed into 
sulfuric acid by bacterial action. Mehta (1986) reported that calcium hydroxide and alumina-
bearing phases of hydrated Portland cement are more vulnerable to attack by sulfate ions. On 
hydration, Portland cement with more than 5 percent potential C3A will contain most of the 
alumina in the form of monosulfate hydrate, C3A.CS.H18. If the C3A content of the cement is 
more than 8 percent, the hydration products will also contain C3A.CH.H18. In the presence of 
calcium hydroxide in Portland cement pastes both alumina-containing hydrates are converted to 
the high-sulfate form (ettringite, C3A.3CS.H32) when they come in contact with sulfate ions 
(Mehta 1986).  

C3A.CS.H18 + 2CH + 2S + 12H → C3A.3CS.H32 

C3A.CH.H18 + 2CH + 3S + 11H → C3A.3CS.H32 

De Belie et al. (2002) support the argument that the sulfuric acid first reacts with the calcium 
hydroxide in the concrete to form gypsum. Gypsum is the primary reaction product of sulfate 
attack at high sulfate-ion concentrations (>8000 ppm SO4

2-) (Santhanam el at. 2001). 

Ca(OH)2 + H2SO4 → CaSO4.2H2O (gypsum) 
Although gypsum is associated with an increase in volume by a factor of 1.2 to 2.2, the reaction 
between gypsum and tricalcium aluminate hydrate (C3A) to form ettringite is much more 
detrimental.  

(CaO)3.Al2O3.12H2O + 3(CaSO4.2H2O) + 14 H2O → (CaO)3.Al2O3.(CaSO4)3.32H2O (ettringite) 
The volume of ettringite mineral is much larger than the volume of the initial compounds. Thus 
the formation of ettringite is mainly responsible for the large volume expansion, which leads to 
increase in internal tensile stress and deterioration of the concrete matrix (De Belie et al. 2002).   
Santhanam el al. (2001), reported that ettringite is not stable in low-lime environments when the 
pH falls below 11.5 – 12. At this low pH ettringite could decompose to form gypsum. Gypsum, 
which is a result of cation-exchange reactions, reduces the concrete stiffness and strength, 
followed by expansion, cracking, and eventual transformation of the material into a mushy or 
non-cohesive mass (De Belie et al. 2002). Vincke and Verstraete (2002) are of the opinion that 
due to these reactions, the solubility of the calcium compound changes from low to moderately 
or fairly soluble. 
According to Svennersted et al. (1999), very high concentration of sulfate may build up within 
concrete structures which are only partially immersed, or are in contact on only one side, with 
sulfate water or soils. This is due to the continuing evaporation that will occur under such 
conditions. Thus, severe attack may occur even where the sulfate content is initially not high. 
This process is schematically presented in Figure 1. Concrete buried in soil, or completely 
immersed in water, is under static conditions where sulfate attack is confined to surfaces and 
therefore often of negligible severity.  
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Figure 1. Deterioration of concrete by capillary transport of salts. The process can be illustrated 
schematically by the following steps: 1. Continuous supply of dissolved salts, 2. Capillary 
transport, 3. Evaporation and crystallization. 
The quality of concrete, especially its low permeability, is the best protection against sulfate 
attack, as is the case with most corrosive agents.  Adequate concrete thickness, high cement 
content, low water/cement ratio and proper compaction and curing of fresh concrete are among 
the important factors that contribute to low permeability. Also Portland cement containing less 
than 5 percent C3A (Type V) is sufficiently sulfate resisting under moderate conditions of sulfate 
attack (i.e., when ettringite forming reactions are the only consideration). However, when high 
sulfate concentrations, of the order of 1500 mg/L or more, are involved, the Type V Portland 
cement may not be effective against the cation-exchange reactions involving gypsum formation. 
Under these conditions, experience has shown that cements potentially containing a little or no 
calcium hydroxide on hydration perform much better:  These include high–alumina cements, 
Portland blast-furnace slag cements with more than 70 percent slag, and Portland pozzolan 
cements with at least 25 percent pozzolan (natural pozzolan, calcined clay or low-calcium fly 
ash) (Mehta 1986). 
Another effective treatment is the use of silica fume. Due to reduced permeability, silica fume 
cement concrete provides excellent sulfate resistance. Recent research shows that ternary 
blends containing slag cement or fly ash, along with silica fume and Portland cement, can be 
effective for sulfate resistance concrete  (Lafarge Canada Inc. 2001).    
The broad term objective of this study is to extend the lifespan of concrete farm infrastructure, 
which is now drastically affected by corrosive environments and to understand the mechanisms 
that are involved in this corrosion. The short-term specific objectives are: 
1. To compare the corrosion resistance of eight different concrete treatments, which could be 

reasonably be used in the construction of animal housing, under long-term exposure to 
hydrogen sulfide gas and sulfate solution. 

2. To understand the mineralogy of the different concrete treatments. 
3. To determine the critical sulfur concentration on the onset of corrosion in the reinforcement 

bars and the diffusion rates into the eight different treatments, this could be used for 
determining the diffusion coefficient of sulfur in concrete.   

Experimental design 

It is intended that the objectives of the research be attained by accelerated corrosion testing in 
the laboratory using concrete specimens subjected to hydrogen sulfide and sodium sulfate 

Surface Level
Deteriorated 3

1 

Capillary Water 

2 
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solution as the only corrosive agents. Acceleration is achieved by using much higher 
concentration than those experienced in the field, 1,000 ppm H2S and 20,000 ppm SO4

2-.  
Eight treatments, which could reasonably be used in the construction of liquid manure tanks, 
floors and slats, are being examined for corrosion resistance.  Concrete cylinders (100 mm 
diameter by 100 mm high) made of Portland cement, limestone, sand and water, each with a 10 
mm diameter by 90 mm long reinforcing steel bar embedded in the center.  Six replicates for 
each treatment were made. In all treatments a superplasticizer (CATEXOL 1000 SP-MN) was 
used (625 ml/100 kg of cementitious material) to reduce the water requirements in concrete and 
attain the necessary workability without the use of excess water. Also an air-entraining 
admixture (CATEXOL A.E.260) was used in all treatments (50ml/100 kg of cementitious 
material) to increase concrete durability, improve workability and reduce bleeding. A further 
three larger replicates of each treatment, 100 mm diameter and 200 mm height, were cast 
without a steel bar for compressive strength determination at 28 days after curing in a 100% 
relative humidity environment. The mix proportions for all eight treatments are shown in Table 4.  
The eight treatments are: 
1. Portland Cement with water-cement ratio 0.50 (PC50)  
2. Portland cement with water-cement ratio 0.4 (PC40) 
3. Sulfate resisting cement Type V (SR) 
4. Slag cement (SC) 
5. Fly ash cement (FAC) 
6. Silica fume cement (SFC) 
7. Silica fume and slag cement (SSFC) 
8. Silica fume and fly ash cement (FASF) 
The materials used in each of the eight treatments are shown in Table 4 
 
Table 4. Mix Proportions for all Treatments 

 PC50 PC40 SR SC SFC FAC SSSF FASF 

Cement type I I V I I I I I 

Cement 
(kg/m3 of concrete) 

340 425 425 276.3 391 318.8 293.3 293.3 

Water 
(kg/m3 of concrete) 

170 170 170 170 170 170 170 170 

w/c 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Fine aggregate 
(kg/m3 of concrete) 

691 616 616 616 616 616 616 616 

Coarse aggregate 
(kg/m3 of concrete) 

850 850 850 850 850 850 850 850 

Additive 
(% of cementeous 
material  content) 

--- --- --- 
35% 
slag 

8% 
silica 
fume 

25% 
fly ash 

25% 
slag 
6% 

silica 
fume 

25% 
fly ash 

6% 
silica 
fume 
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The top of all specimens, except those for the compressive strength tests, and the exposed 
ends of the steel bars were coated with an epoxy coating (TRU-GLAZE 4508 Chemical 
Resistant Epoxy Coating 4508-1000A and 4508-9999B with a ratio of 1:1) in order to prevent 
the diffusion of the corrosive ions through that surface.   
For the corrosion study the 48 specimens are divided into two sets, each set having three 
replicates. Set I (i.e. 24 specimens) is tested partially (50%) immersed in sodium sulfate (20,000 
ppm SO4

-2) and at the same time subjected to hydrogen sulfide gas (1,000 ppm H2S) above the 
surface of the sodium sulfate solution. Each treatment is submerged in a separate container 
(Figure 3), and placed in the upper level of a two-storey test chamber. Set II (i.e. the remaining 
24 specimens) is subjected to hydrogen sulfide gas and air only in the lower level of the same 
chamber, (Figures 2). To keep the gas in the sealed Plexiglas test chamber at the required 
concentration a control circuit consisting of H2S sensor, solenoid valves, flow meter, control 
program and a gas cylinder is used. The H2S sensor is based on a semiconductor sensor 
manufactured by Gemini Detectors Inc.,Texas. The sensing element is an indium oxide film 
whose resistance is determined by the reaction of oxygen adsorbed on the film surface and 
H2S.  
 
 
 
 
 
 
 
 
 
 

Figure 2  Schematic of test set-up 

Figure 3  One Treatment of Set I 

The hydrogen gas cylinder used for the test 
lasts about 3 weeks, keeping the 
concentration of the gas inside the chamber 
at 1000 ppm.  After this the chamber is left 
closed for one more week in order to lower 
the gas concentration back to 0 ppm. Then 
all the different treatments are taken out of 
the chamber for the half-cell potential 
measurement, and thus they are subjected 
to air for another week. This test cycle is 
repeated approximately every five weeks.   
A number of laboratory tests have been and 
will be conducted to evaluate the relative 
merit of each of the eight treatments in 

resisting corrosion from hydrogen sulfide gas and sulfates in solution. 

Set I 
Partially 

Immersed in 
SO4

2- & 
Subjected to 

H2S 

PC  
Type I 

W/C 0.5 

PC 
Type I 

W/C 0.4 

PC 
Type V
W/C 0.4

35% 
Slag

8% 
Silica 
Fume

25% 
Fly Ash

25% 
Slag + 6% 

Silica Fume  

25% 
Slag + 6%

Silica Fume 
Treatments 

Set II 
Subjected to 

H2S Gas 
Only  

001744



 

8 

Compression tests were used to evaluate the strength of the mixes. The results were used also 
to give an indication of the quality of the concrete. Compressive tests of moist cured specimens 
were made at 28 days after curing in a 100% moist environment. 
The pH of the eight solutions was measured every other test cycle using a potentiometric 
electrode in order to find out how the H2S gas affects the acidity of the solutions, and the rate at 
which the concrete loses its alkalinity.  The different solutions in which the test specimens were 
partially submerged were analyzed after the third cycle of the experiment to find the 
concentration of the various elements and compounds present (chlorides, sulfate, and sodium).   
X-ray powder diffraction (XRD) patterns provide phase, chemical and crystal structure data that 
may afford greater understanding of cement property / performance relationships. For the XRD 
test, 50 mg samples were ground (particle size < 10 µm) from the outer surface of the concrete 
specimen of each treatment to provide a relatively homogeneous material, yet have particles  
large enough for microscopic analysis.  They were well ground to create a uniform particle size 
and to maximize the number of particles analyzed.  
The electrochemical potential of reinforced concrete is a characteristic of the reinforcement 
steel/concrete interface, which reflects the ionic conduction between the bars and pore fluid of 
concrete. The half-cell potential, Ecorr, is used to define the corrosion state of reinforcement 
bars. A copper-copper sulfate electrode (CSE) and a high impedance voltmeter were used to 
read Ecorr. The half-cell potential measurement connection is shown in Figure 4. The Ecorr, 
started to be monitored after three cycles of exposure to the corrosive environment. It is 
intended to continue monitoring it every test cycle of about 5 weeks, until the end of the 
experiment.  18 readings were taken every 20 mm (at the air end, 20, 40, 60, 80, and 100 mm) 
along three different angles (0o, 120o, and 240o) for each sample, as shown in Figure 5. 
 

 
Figure4. Half-Cell Potential Measurement.   Figure 5. Positions where the potential  
           measurements were taken.  
Corrosion potential measurements provide an indication of the oxidizing power of the 
environment in which a specimen is exposed.  It is important to remember, however, that 
potential is a thermodynamic quantity, and although it can be used to determine whether a 
reaction can occur spontaneously, it can not be used to provide information about the rate of 
corrosion reactions.  
The splitting tensile strength test (CSA A23.2-13C 1994) was carried out for one set of 
replicates (16 samples) after 22 months of exposure to the corrosive environment.  This allowed 
the removal of the reinforcing bar for inspection of corrosion and provided a rough indication of 
the specimen’s strength about 26 months after the specimens were cast.  The splitting tensile 
strength was calculated for each sample from 

T = 2 P / (π L D) 

Below Solution Level

Above Solution Level

120o 

0o

10cm 
8cm 
6cm 
4cm 
2cm 
0cm 240o
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where, T is the splitting tensile strength (MPa), P is the maximum applied load (N), L is the 
length (mm), and D is the diameter (mm) of the cylindrical specimen.  
For the purpose of total sulfur concentration measurements, a 100 mm thick disc was cut at 
midheight from the samples that were subjected to the H2S gas only.  Three 100 mm thick discs 
were cut from the samples that were subjected to the H2S gas and the sulfate solution, one at 
midheight, a second 10 mm above midheight, and a third 10 mm below midheight. All discs 
were then cut again to obtain samples approximately 1000 mm3 in size at different depths (0-
0.6, 0.6-1.9, 1.9- 3.2, and 3.2-4.5 cm) as shown in Figure 6. The samples were cut by a low-
speed diamond cutter.  All samples were pulverized in preparation of a total sulfur analysis 
(LECO SC444) using dry combustion/infrared analysis.  

Figure 6. Schematic of the cutting sequence of the samples.  
Other tests that are planned to be carried out after completion of the corrosion tests are weight 
loss of the reinforcing steel, concrete weight loss measurement and microscopic analysis of the 
specimens.  Furthermore, finite element or finite difference method will be used to carry out 
diffusion analyses in order to predict the length of time to initiate corrosion in the reinforcement 
steel and to predict the mineralogical structure of the concrete after attack.  

Results and Discussion 

Compressive Strength Test 

The compressive strengths of the specimens are shown in Table 5.  The average strength of the 
PC50 treatment, 34.0 MPa, is considerably lower than that of the other seven.  The reason is 
obvious since this was the only treatment with a W/C ratio of 0.5.  The treatments SC and SSFC 
are both about 10% lower than the other treatments with W/C ratio of 0.4, confirming the well 
known slowing effect of slag on the strength gain.  The balance of the treatments had strengths 
ranging from 46 to 49 M Pa with the silica fume concrete providing the highest value, indicating 
excellent quality concrete. 
 
Table 5. 28-day compressive strength for the eight treatments 

Treatment PC50 PC40 SR SC SFC FAC SSFC FASF 
w/c 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Compressive 
Strength  
(MPa) 

34.0 48.6 47.4 42.3 49.1 47.0 43.5 46.0 

Samples that were subjected to the
H2S gas and the sulfate solution 

Samples that were subjected to
H2S gas only. 
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pH Measurement 

The pH of the Na2SO4 solution before placing the concrete specimens in it   (20,000 ppm SO4
2-) 

was 6.64.  The pH was measured at the end of every test cycle for the first three months, then 
each two cycles when the solution was changed to bring the SO4

2- concentration back up to its 
original concentration of 20,000 ppm. The different pH measurements are shown in Table 6, the 
increases in pH from the initial value of 6.64 to the final value are shown in Figure 7. It may be 
noted that the pH changed rapidly from neutral (~7) to basic (~12) in the first few months due to 
the leaching of the alkalis from the concrete into the sulfate solution. After the 5th test cycle the 
pH increased significantly less as the concrete started to lose its alkalinity.  
 
Table 6. pH measurement for the different treatments. 

Time PC50 PC40 SR SC SFC FAC SSFC FASF 

1st test cycle 12.01 11.87 12.09 11.45 12.09 12.2 11.86 11.85 

2nd test cycle 10.99 10.64 11.49 10.64 11.46 11.57 11.27 11.43 

3rd test cycle 11.2 11 10.9 10.7 10.7 11 10.4 10.7 

5th test cycle 9.02 9.83 9.35 9.05 8.85 9.7 8.95 9.4 

7th test cycle 8.75 9.07 8.85 8.5 8.8 9 8.5 8.5 

9th test cycle 9.4 9.13 8.99 8.3 8.77 8.7 8.5 8.3 

 

 

 

 

 

 

 

 

 

 

Figure 7. pH increase for the different treatments. 

A control solution of Na2SO4 solution (20000ppm SO4
2-) having a pH of 6.64, was placed in the 

experimental box and exposed to 1000ppm H2S for one cycle (one month).  The resulting pH 
was 5.44. This decrease in the pH is due to the reaction: Hydrogen Sulfide + Oxygen → Sulfuric 
Acid.  
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Solution Analysis 

The solution in which half of the specimens are submerged was analyzed after every two test 
cycles. The results of the chemical analysis are shown in Table 7. It is evident, that after two 
test cycles the sulfate concentrations increased up to five times from the initial value of 20,000 
ppm and that they varied widely.  However, after 6 test cycles the sulfate concentrations are 
fairly uniform at about twice the initial value.  Sodium levels too varied widely in the first few 
months of testing; after 6 test cycles they varied from 20,000 to 28,000 ppm.  Surprisingly high 
levels of chloride were found, up to 3,000 ppm.  The origin of the chlorides is yet to be 
determined but probably originated in the concrete materials, especially the aggregates (coarse 
aggregate had 32 ppm chloride, 384 ppm sufate).  This is supported by the fact that the most 
porous concrete, PC50, has the highest chloride concentrations. 
Table 7. Solution Analysis (concentrations in ppm). 

Treatment PC50 PC40 SR SC SFC FAC SSFC FASF 

Chloride 2950 1030 638 454 622 1362 418 774 

Sulfate 58240 107020 13140 68500 41520 11450 77920 83720 
After 
2 test 
cycles Sodium 9290 15750 18020 12420 18390 27280 14050 15190 

Chloride 3140 880 783 912 724 1210 701 950 

Sulfate 42804 38403 39562 41601 37470 35886 43280 38381 
After 
6 test 
cycles Sodium 27848 24117 25342 22364 23609 22438 19850 22711 

Splitting Tensile Strength 

The 26-months splitting tensile strengths of the specimens are shown in Table 8. Also the 
tensile strengths of the different treatments at 28 days calculated from the compressive strength 
and the relationship ft = 0.32(fc’)2/3 were determined.  They are shown in the last column of Table 
8. It is obvious there is no clear pattern for the increase or decrease in strength with time for the 
different treatments.  However, it should be borne in mind that the splitting test is not considered 
a very accurate predictor of tensile strength and that the results are from a single specimen.  In 
three of the eight treatments the strength was lower for those specimens that had been  
 Table 8. 26-months splitting tensile strength and calculated splitting tensile strength at 28 days. 

 Samples subjected to H2S only Samples subjected to H2S and 
SO4

2- 

Type Max. Load 
(kN) 

Tensile strength 
(MPa) 

Max. Load 
(kN) 

Tensile strength 
(MPa) 

Calculated 
tensile 

strength  
(Mpa) 

PC50 85.5 5.44 69 4.4 3.36 

PC40 82 5.22 79.1 5.03 4.26 

SR 76.1 4.84 82.1 5.22 4.19 

SC 64.4 4.1 100.8 6.4 3.9 

SFC 65.5 4.2 91.5 5.8 4.3 

FAC 85.5 5.44 70 4.45 4.2 

SSFC 85 5.41 72.5 4.6 4.0 

FASF 89 5.7 65.7 4.2 4.1 
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submerged partially in the SO4
2-  solution.  In all cases the tensile strength increased from that at 

28 days.  The average increase was about 25%. 

Electrochemical Potential Measurement 

So far the potential measurements for the different treatments have been taken eleven times 
since the start of the experiment.  They are plotted in Figure 6 for the 8 treatments exposed to 
hydrogen sulfide and half submerged in sulfate solution.  Figure 7 presents the results for the 8 
treatments exposed to hydrogen sulfide only. 

Figure 6. Potential measurement of the samples that are half submerged in sulfate 
solution and exposed to hydrogen sulfide gas. 

Figure 7. Potential measurement of the samples that are exposed to hydrogen sulfide 
gas only 
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Although the results are few and very preliminary, some observations can be made from the 
results in Figures 6 and 7.  In examining the curves it should be noted that the closer potentials 
are to –350 mV the greater the probability of active steel corrosion is.  Treatment PC50 already 
stands out as the worst performer.  After 11 cycles of exposure the risk of corrosion of the steel 
is in the 50% range.  So far all treatments containing silica fume, fly ash or slag, except FASF, 
perform better than PC40.  Also, there is an indication that sulfate resistant cement (SR) is more 
resistant than type I Portland cement.  Treatment FASF, concrete containing both fly ash and 
silica fume, stands out at this early stage as performing worse than plain PC concrete with the 
same W/C ratio. 
Those specimens that are exposed to SO4

2- as well as H2S will probably corrode sooner than 
those exposed to H2S only.  All treatments indicate this consistently through higher negative 
potentials.  In the specimens that were exposed to H2S only, the potential were fairly uniform 
over the surface of the cylinders.  This was not the case with those half submerged in the 
Na2SO4. The negative potentials above the surface are greater than those below in all 
treatments.  

Total Sulfur Analysis 

The total sulfur analysis (LECO SC444) results are presented in Tables 9 and 10.  Table 9 has 
the results for all treatments that were half submerged in the sulfate solution and Table 8 has 
similar results for those that were exposed to hydrogen sulfide only.  The results marked “top” in 
Table 9 refer to the samples taken from a horizontal slice located about 20 mm above the top of 
the sulfate solution; “center” samples were cut from a slice at the water line and “bottom” 
samples were obtained from a slice about 20 mm below the top of the sulfate solution.  The 
results in Table 10 were cut from a slice at midheight of the cylindrical specimens. 
Location 1 in Tables 9 and 10 is nearest the outside surface of the cylindrical specimens, 
location 4 nearest the reinforcing bar at the center of the cylinder.  Locations 2 and 3 are two 
intermediate points. 
Table 9. Total sulfur concentration (g sulfur/ kg dry material) for the samples that are half 
submerged in the sulfate solution and also subjected to the hydrogen sulfide gas. 
 

Top Center Bottom 
Type 

1 2 3 4 1 2 3 4 1 2 3 4 

PC50 7.6 4.3 4.2 3.7 6.4 3.5 3.6 3.6 4.8 2.6 4.2 3.0 

PC40 11.0 3.8 4.0 3.7 8.7 2.7 4.0 3.8 5.2 2.8 2.9 4.0 

SR 4.3 2.2 2.1 2.9 6.2 2.5 2.2 2.5 4.3 2.1 2.1 2.6 

SC 6.7 4.4 3.8 3.8 7.7 3.6 3.7 3.6 6.8 3.3 3.6 4.2 

SFC 6.8 2.8 4.5 3.6 7.2 3.5 3.1 3.6 5.6 3.3 2.9 2.6 

FAC 9.1 3.2 1.9 3.9 6.2 2.8 2.4 2.8 5.2 2.9 2.6 3.1 

SSFC 6.2 3.3 2.8 3.8 5.0 3.5 3.0 2.8 5.4 3.6 2.8 3.1 

FASF 5.1 2.5 2.7 2.6 4.9 2.3 2.2 3.4 5.4 3.1 4.4 3.5 
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Table 10. Total sulfur concentration  
(g S/ kg dry material) for samples 
 exposed to the hydrogen sulfide only. 
 

In all cases the sulfur concentration is highest near the 
surface of the cylindrical specimens.  The highest 
concentration occurred in the PC50 treatment subjected 
to hydrogen sulfide only.  The concentrations near the 
surface of the specimens is higher in all cases for those 
treatments exposed to hydrogen sulfide only.  And in 
general concentrations are higher above the water level 
than below for those specimens half submerged in the 
sulfate solution. 
The concentrations inside the specimens are still very 
small.  The highest value of 4.3 and 4.4 occurred at 
position 2 in the PC50 and SC treatments that were 

partially submerged. 

Powder X-Ray Diffraction Test 

Thus far an X-ray analysis for two treatments (PC50 and FASF) has been carried out for the 
part of the specimens below the sulfate solution level. For corrosion by a sodium sulfate solution 
at low concentration (<1000ppm SO4

2-), the primary corrosion product is ettringite, while at high 
concentrations (>8000ppm SO4

2-) gypsum is the main product. The results obtained from the 
powder x-ray diffraction tests confirmed that the primary corrosion product on the surface of 
both specimens was indeed gypsum.  

Conclusions 

Corrosion test of 48 concrete specimens are being carried out using hydrogen sulfide gas and a 
sodium sulfate solution.  One half of the specimens is partially immersed in the sodium sulfate 
(20,000 ppm SO4

2-) and also subjected to hydrogen sulfide gas (1,000 ppm H2S). The other is 
subjected to hydrogen sulfide gas only. Each set consists of 8 different treatments, including 
Portland cement (PC) concrete with 0.4 and 0.5 W/C ratios, PC concrete with 8% silica fume 
replacement, 25% fly ash and 35% slag of the total amount of cementitious material, and 
specimens made of PC concrete with combinations of silica fume and fly ash (6%/25%), and 
silica fume and slag (6%/25%). Finally one treatment is made with sulfate resistant cement. 
After 11 cycles of testing over about 22 months preliminary electrochemical potential results 
indicate that the PC concrete with 0.5 W/C ratio is the least corrosion resistant, as might be 
expected. All treatments containing silica fume, fly ash or slag, except FASF, performed better 
thus far than PC40.  Also, there is an indication that sulfate resistant cement (SR) is more 
resistant than type I Portland cement.  Indeed, sulfate resistant cement concrete was one of the 
best performers in both sets of tests. 
The total sulfur measurements support the indication that PC50 does not perform as well as the 
treatments with a w/c ratio of 0.4.  Sulfate resistant cement concrete (SR) stands out again with 
very low sulfur concentrations, even near the surface of the cylindrical specimens. 
The conclusions that are presented must be considered preliminary since they are based on 
only 11 cycles of testing.  Testing is ongoing with the remaining specimens.  

Type  1 2 3 4 

PC50 30.7 3.6 2.7 2.9 

PC40 13.6 4.1 2.3 3.9 

SR 5.4 2.3 2.4 2.4 

SC 12.4 3.4 3.0 3.2 

SFC 25.2 3.9 3.0 3.6 

FAC 12.8 2.7 3.9 3.5 

SSFC 14.0 2.7 3.5 3.3 

FASF 10.5 2.8 3.5 3.1 
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Note: This report is a response to a request from the State of North Dakota to review past 
social science research on the effects of industrialized farming on community well-being. This 
review builds upon a similar review conducted by Dr. Linda Lobao in 2000.  As author of the 
book Locality and Inequality:  Farm and Industry Structure and Socioeconomic Conditions 
(SUNY Press, 1990), Dr. Lobao is the authoritative source on the relationship between industri-
alized farming and community well-being  She is a professor of rural sociology in the Depart-
ment of Human and Community Resource Development at The Ohio State University.    This 
update to her 2000 review of the literature since the publication of her book focuses on the 
consequences of industrialized farming on community well-being irrespective of whether these 
effects were detrimental, positive or mixed.   Thus, a comprehensive review of the literature 
included all studies in this area, regardless of their conclusions. 
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INTRODUCTION 
 
 Public concern about the consequences of non-family owned and operated, industrialized 
farms for communities dates back to the 1920s (Boles and Rupnow 1979).1  The first published 
research on the topic appeared in the 1930s.  Since then, government and academic researchers 
have produced numerous studies showing the potential for adverse impacts on community life.  
The bulk of evidence indicates that public concern about the detrimental community impacts of 
industrialized farming is warranted  This report summarizes results from more than five decades 
of research that has investigated the relationship between non-family industrialized farming and 
community well-being.  The purposes are: (1) to document the types of studies that have been 
conducted on the topic; (2) to delineate their results as to whether adverse consequences were 
found; and (3) to document the aspects of community life that may be jeopardized by industrial-
ized farming. 
 This report is based on empirical results and observations drawn from Lobao’s own 
research as well as from that of other social scientists.  Observations are grounded in her  
longstanding research on farm change and its impacts on communities and families (Barlett, 
Lobao, and Meyer 1999; Belyea and Lobao 1990; Kenney, Lobao, Curry, and Goe 1989; Lasely, 
Leistritz, Lobao, and Meyer 1995; Lobao 1987, 1990; Lobao and Jones 1987; Lobao and 
Meyer1995a, 1995b, 1997; Lobao and Schulman 1991; Lobao, Swanson, and Schulman 1993; 
Lobao and Thomas 1988; Lobao and Thomas 1992) as well as her research on the broader topic 
of community development (Lobao 1993a,b,c, 1996, 1998; Lobao and Rulli 1996; Lobao, Rulli 
and Brown 1999).  The previous research has been funded by major federal competitive grants 
programs, such as the National Science Foundation and USDA-National Research Initiative 
Competitive Grants Program, as well as state and regional sources, such as the North Central 
Regional Center for Rural Development. The previous studies are published in the top-ranked 
journals in several fields, sociology, rural sociology, geography, family studies, and community 
development.  For specific empirical examples in this report, she draws primarily from her book 
Locality and Inequality: Farm Structure and Industry Structure and Socioeconomic Conditions 
(State University of New York Press, 1990), the most recent, comprehensive sociological 
volume published on farm structure and community well-being.  Our comments and conclusions 
also are based on a systematic review of fifty six studies on the topic of industrialized farming 
and community well-being.  For this report, we updated a review (Lobao 2000) which was an 
update of a previously published review (Lobao 1990) by including studies that were conducted 
since 2000 on the topic of industrialized farming and community well-being.  
 The industrialization of farming refers to the transformation whereby farms have become 
larger-scale, declined in number, and integrated more directly into production and marketing 
relationships with processors through vertical or contractual integration (Drabenstott and Smith 
1996:4).  In the past two decades, farms in the farming-dependent Heartland states,2 which 

 
 1  Boles and Rupnow (1979: 471) state that public concern about corporate influence in farming began in 
the 1920-30 period when concern about large, publicly held corporations centered on fears about the effect of 
mechanization, foreclosure of farm land mortgages held by corporations, and corporate monopoly of land. 

2  The states forming the nation’s farm heartland extend from the Mississippi River to the Rocky Mountains 
and from Texas to Canada.  These states are Colorado, Iowa, Kansas, Minnesota, Missouri Montana, Nebraska, New 
Mexico, North Dakota, Oklahoma, South Dakota, and Wyoming (Barkema and Drabenstott 1996:1).  More than 
two-thirds of the nation’s farm-dependent counties are located in these states.      
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include North Dakota, declined by roughly one-fourth while average acreage grew by one-fourth 
to about 750 acres (Barkema and Drabenstott 1996:62).  As the number of farms declines, 
production becomes concentrated on larger farms.  Nationally, small farms (defined here as those 
having annual gross sales less than $50,000) made up nearly three-quarters of the nation’s farms 
in 1995 but they produced only about 8% of sales, while the top two percent of farms (those with 
sales of over a half million dollars annually) accounted for 44% of all sales (Sommer et al. 
1998:10).  Half of the nation’s agricultural sales are produced by three percent of farms (Sommer 
et al. 1998:8). 
 Accompanying the growth of scale of operations are organizational changes in farming.  
These include an increase in the relative proportion of hired to family labor and greater use of 
incorporation3 as a form of legal organization.  Another organizational shift is the movement 
toward a more integrated industry from farm to grocery, whose “hallmark” is “contract produc-
tion and vertical integration that is linking farmers, food processors, seed companies, and other 
agribusiness” (Barkema and Drabenstott 1996:64). Vertical integration refers to operation of 
farms by firms that also operate in at least one other stage of the food chain, such as input 
supply, processing, and marketing.  Examples of vertically integrated firms are large livestock 
producer/processor enterprises, such as Seaboard Corporation and Tyson.  In addition to their 
direct involvement in farm production, agribusiness firms contract with farmers for goods and 
services.  Two types of contracting arrangements should be distinguished.  Marketing contracts 
are used by independent operators to reduce their exposure to market price swings; these 
contracts stipulate a commodity price or pricing mechanism for delivered goods and are used 
mainly for crop and dairy commodities.  Production contracts involve cost sharing arrangements 
and/or payment for operators’ services usually for livestock production except for dairying.  On 
farms using production contracts, the largest share of farm sales accrues to the contractor (an 
agribusiness processor and/or producer), with the operator generally receiving a fixed fee for 
services (Sommer et al. 1998:16-17).  Production contracts extend agribusiness firms into direct 
farm production using the vehicle of the local farmer.  To sociologists, production contract farms 
are an integral component of the agribusiness chain in which agribusiness firms, depending on 
corporate strategy, may enter farming through direct operation of their own units and/or through 
employing local farmers to participate in production home-work.  Sociologists are concerned 
with contract farming because of the risks it poses to agrarian social structure, communities, and 
families.4

 
3  In 1995, more than 98% of the nation’s 2.07 million farms were classified as family operations.  Ninety-

one percent were sole proprietorships and five percent were partnerships.  Only three percent of all farms were 
incorporated, and of these, 86% were considered family-held corporations by USDA as they had ten or less 
stockholders (Sommer et al.1998: iv). 

 4 Sociologists are concerned with contract farming insofar that: it alters agrarian social structure by creating 
a segment of farmers who are the structural equivalent of factory production home-workers; it extends the influence 
of industrialized farming in a community; and it erodes formally independent operators’ autonomy in direct 
production, farm decision-making and control over assets.  Sociologists also are concerned with the general well-
being of contractees (operators) and their families given their asymmetrical relationship in bargaining power with 
agribusiness firms.  There is an inherent structural imbalance in contract farming and the degree to which this 
imbalance is manifest will vary, given specific contract arrangements.  In principle, production contracts are used to 
share risks and costs of production between contractee and contractor.  In practice, the bargaining power of external 
agribusiness is likely to result in a greater of share of risks and costs of production borne by contractees and their 
families.  
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 In classifying farms as “industrialized” or “family” social scientists distinguish between 
the construct (an ideal-type concept) and its actual measurement (variables used to define the 
concept in practice).5 “Family” farms and “industrialized” farms are constructs at opposite ends 
of the farm continuum.  To sociologists, the construct “family farm,” is that where the farm 
household owns and controls the majority of farm production factors, land, labor, capital, 
technology, and management.  At the other end of the farm continuum, the construct, “industrial 
farm,” refers to a non-household based production unit, with absentee ownership and control 
over production factors.  As with nonfarm firms, industrialized farms have a division of labor 
among owners, managers, and labor with different groups of people assigned to different 
positions in the production process.  Industrial farms “...are owned by one group of people, 
managed on a daily basis by another person or group, and worked by yet another group” 
(Browne et al. 1992:30).  Between these “ideal-type” descriptions of family and industrialized 
farms are other arrangements in organizing farming, such as part-owner farming (a form of 
family farming where the operator both owns and rents-in land).  Again, these are “ideal-type” 
constructs whose specific definition and measurement must depend upon the time period and 
public context. 
 When social scientists refer to “industrialized” farms, they invariably are referring to both 
scale and organizational characteristics of the farm unit. 6  In general, but not always, scale will 

 
 5 Different classifications of farms have been developed over the years because the structure of agriculture 
is continually changing.  The term “farm structure” or “agricultural structure” “refers to a broad set of characteristics 
that describe U.S. farms, as well as the distribution of farm production resources and returns to those engaged in 
farm production activities”(Sommer et al. 1998:6). Sommer et al. (1998:6) provide a useful overview of the criteria 
used to classify farms:  
 

Producing units (farms and ranches) may be categorized by farm size (value of sales or number of acres), 
primary output, and geographic location.  Farm businesses may be delineated by form of legal organization, 
degree of land ownership, marketing or production contractual arrangements, and financial position.  Farm 
operators may be described by age, education, and primary occupation.  Finally, farm households may be 
characterized by features of their associated farm businesses and interaction with the nonfarm sector, such 
as off-farm employment or income from non-farm sources.  Any or all of these elements can be used to 
construct a structural portrait of farming in the Nation. 

 
  For sociologists, family farming is identified by whether the family unit owns a majority of capital 
resources, such as land, machinery, buildings, makes the majority of managerial decisions, and provides the bulk of 
labor (Goss et al. 1980).  Social scientists often use farm scale as a proxy-measure to classify farms, because it is 
simple, clear, and often correlated with organizational characteristics of units.  A recent USDA report classifies 
“commercial farms” as those with $50,000 or more in gross sales and “small farms” as those with gross sales less 
than $250,000 (Sommer et al. 1998:69).  Family farms (organized as sole proprietorships, partnerships, or family 
corporations) with gross sales over $250,00 are classified as “large-family farms,” while “non-family farms” are any 
farms organized as nonfamily corporations, cooperatives, and farms operated by hired managers (Sommer et al. 
1998:72).  
 
 6 Social scientists measure industrialized farming by both scale and organizational variables.  Scale is 
usually measured by sales and sometimes by acreage and real estate and for livestock operations, animal inventory.  
The actual dollar value for scale indicators used by analysts to indicate a “large-scale” farm will obviously vary by 
the time period of study.  In addition, what is considered a “large-scale farm” also varies by regional context and 
commodity.  Organizational measures of industrialized farming include: vertical integration of corporations into 
farming; production contract farming arrangements; absentee ownership of production factors; dependency on hired 
labor; operation by farm managers, as opposed to material operation by family members; and legal status as a 
corporation (family or non-family) or syndicate. 
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coincide with organization.  That is, large-scale farms (relative to smaller farms) are more 
dependent on hired labor and managers and more likely to have absentee owners, to be incorpo-
rated, and to be vertically integrated with agribusiness.  For example, in 1995, mean gross sales 
of corporate farms were $576,925 as compared to $54,287 for sole proprietorship farms and 
$218,795 for farms organized as partnerships (Sommer et al. 1998:15).  Farms with production 
or marketing contracts also tend to be larger.  In 1995, farms with marketing contracts (about 
11% of all farms) had mean gross sales of $242,888; while farms with production contracts 
(2.3% of all farms) had mean gross sales of $617,858  (Sommer et al. 1998: 12).  For the 
purposes of this review, we use the umbrella term “industrialized farm” to refer to both scale and 
operating characteristics of industrialized farms.  We also distinguish between scale and 
operating characteristics where it is useful and feasible to do so. 
 The discussion below is organized in four sections. (I) The first section discusses the 
history of government and academic concern about the risks of industrialized farming for 
community well-being, from the 1930s to the present.  (II) The second section summarizes the 
findings from Lobao’s research and that of colleagues.  (III) The third section reviews findings 
from five decades of social science research.  It is divided into several sub-sections discussing, 
respectively: (A) research issues involved in analyzing industrialized farming and community 
impacts, focusing on indicators of industrialized farming and types of consequences that a 
summary evaluation must consider; (B) the various research designs used to assess the conse-
quences of industrialized farming; (C) a summary of the results of past studies as to whether 
detrimental impacts were found; (D) examples of recent sociological studies conducted on the 
topic; and (E) the potential for regional imbalances due to industrialized farming.  (IV) The final 
section is a summary and conclusions. 
 It should be noted that public concern about industrialized farms extends beyond the 
well-being of states and their communities.  Rather, public as well as academic concern extends 
to national food system issues, such as agribusiness concentration, consumer health, food safety, 
and sustainability of the national eco-system.  The immediate effects of industrialized farms, 
however, are on the day-to-day lives of people residing in the places where these farms are 
located.  It is also at this level, that social scientists have conducted a great deal of research over 
a long period of time.  For these reasons, this report deals with the consequences of industrialized 
farming for well-being at the community level. 
 
I.  HISTORY OF PUBLIC, GOVERNMENT, AND ACADEMIC CONCERN WITH 

THE CONSEQUENCES OF INDUSTRIALIZED FARMING 
 
 More than a half century of research centers on the potential detrimental social conse-
quences of industrialized farming.  Since the 1930s, government and academic researchers have 
investigated the extent to which large scale, industrialized farms adversely affects the communi-
ties in which they are located.  One of the first series of studies was conducted by a sociologist, 
E.D. Tetreau (1938, 1940), who found that large scale, hired-labor dependent farms were 
associated with poor social and economic well-being in rural Arizona communities.  
 In the early 1940s, the United States Department of Agriculture sponsored a research 
project on the effects of industrialized farming using a matched-pair of two California communi-
ties, Arvin where large, absentee-owned, non-family operated farms were more numerous, and 
Dinuba, where locally owned, family operated farms were more numerous.  The report on this 
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project was prepared by Walter Goldschmidt, a USDA anthropologist.  The purpose of the study 
was to assess the consequences of a California law with a provision placing acreage limitations 
on large farms located in California’s Central Valley, so as to support family-size farms in the 
region.  Goldschmidt (1978a: 458) notes that: “Large landholders throughout the state and 
corporate interests generally opposed this provision while diverse church and other agrarian-
oriented interests wanted this law applied to California. The comparative study of Arvin and 
Dinuba...was designed to determine the social consequences that might be anticipated for rural 
communities if the established law was applied or rescinded.” Goldschmidt later became 
President of the American Anthropological Association and remains one of our nation’s leading 
anthropologists. 
 In his report, Goldschmidt (1978a) systematically documented the relationship between 
large-scale farming and its adverse consequences for a variety of community quality of life 
indicators.  Goldschmidt (1978a) found that, relative to the family farming community, Arvin’s 
population had a small middle class and high proportion of hired workers.  Family incomes were 
lower and poverty was higher. There were poorer quality schools and public services, fewer 
churches, civic organizations, and retail establishments.  Arvin’s residents also had less local 
control over public decisions, or “lack of democratic decision-making,” as local government was 
prone to influence by outside agribusiness interests.  By contrast, family farming Dinuba had a 
larger middle class, better socioeconomic conditions, high community stability and civic 
participation.  Goldschmidt’s report was eventually published as Congressional testimony (1968) 
and as a book (1978a).  Goldschmidt’s conclusion that large scale industrialized farms create a 
variety of social problems for communities has been confirmed by a number of subsequent 
studies.  One criticism of Goldschmidt’s (1978a) research was published by agricultural 
economists Hayes and Olmstead (1984).  They did not challenge Goldschmidt’s (1978a) 
conclusion that large scale, industrialized farms have adverse community impacts.  Rather they 
argued that Arvin and Dinuba were not as closely matched research sites in the 1930s as 
Goldschmidt had intended.  Nearly four decades after Goldschmidt’s study, the state of 
California, through its Small Farm Viability Project (1977:229-230), affirmed Goldschmidt’s 
conclusions by re-visiting Arvin and Dinuba.  They concluded that: “The disparity in local 
economic activity, civic participation, and quality of life between Arvin and Dinuba...remains 
today.  In fact, the disparity is greater.  The economic and social gaps have widened.  There can 
be little doubt about the relative effects of farm size and farm ownership on the communities of 
Arvin and Dinuba.” 
 As the structure of U.S. agriculture has evolved towards larger and fewer farms, and 
government and academic researchers have continued to investigate the extent to which large-
scale, non-family owned and operated industrialized farms adversely affect communities.  
Congress has conducted inquiries, such as that by Senate Subcommittee on Monopoly dealing 
with Corporate Secrecy and Agribusiness, in which rural sociologists and agricultural economists 
provided testimony in 1973 about the dangers to communities posed by increasing corporate 
control of agriculture (Boles and Rupnow 1979:468-469).  The Office of Technology Assess-
ment (OTA), concerned that the relative growth of large scale industrialized farms might have 
adverse impacts on communities, commissioned a series of research papers on the topic.  The 
OTA research came as a request from Congress and was published first as a report (U.S. 
Congress, Office of Technology Assessment 1986) and later as a book (Swanson 1988).  Federal 
and state funding has been directed to at least two Agricultural Experiment Station projects that 
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assess the community consequences of large scale, non-family farms: Project S-148 “Changing 
Structure of Agriculture: Causes, Consequences, and Policy Implications” (1982-1986);” and 
Project S-198 “Socioeconomic Dimensions of Technological Change, Natural Resource Use, and 
Agricultural Structure” (1986-1990).  The later project resulted in a book monograph on the 
consequences of industrialized farming for communities (Lobao 1990) among other publications.  
 In the 1990s, public concern with industrialized farming has centered particularly on 
large integrated livestock producer/processor enterprises.  Recent studies supported by the North 
Central Regional Center for Rural Development (1999), the University of Missouri Agricultural 
Experiment Station (Seipel, Kleiner, and Rikoon 1998; Seipel, Hamed, Rikoon, and Kleiner 
1998), and Duke University Medical School (Schiffman 1998) have documented a variety of 
adverse impacts of these enterprises on communities, households, and individuals. 
 In summary, there has been over fifty years of public, academic, and government concern 
that large-scale, industrialized farms jeopardizes community well-being.  This concern has 
resulted in numerous studies, in government sponsored reports, and in Congressional Hearings.  
In the 1990s, public concern with industrialized farming has increased due to the problems posed 
by large-scale animal confinement operations.  Social scientists have responded to this increased 
public concern by initiating a number of recent projects---leading to a new generation of 
literature on the community consequences of industrialized farming. 
 
II.  RESEARCH BY LOBAO AND COLLEAGUES 
 
 The most recent, comprehensive sociological study on the effects of industrialized and 
family farming on communities was conducted by Lobao (1990).  This study examined 
relationships across more than 3,000 U.S. counties.  The study used both farm scale and 
organization to measure farm structure; examined direct and indirect consequences of farming 
patterns; and examined long-term and immediate relationships for two time periods, 1970-1980.  
To measure community outcomes, the study focused mainly on socioeconomic well-being 
indicators (median family income, poverty, and income inequality between families measured by 
the gini coefficient7) but also included of community social disruption (births to teenagers) and 
health status (infant mortality).  The study examined the effects of three different community 
farm structures: “smaller family farming” (small, part-time family farms); “larger family 
farming” (moderate-size, capital-intensive, family-operated units using little hired labor), and 
industrialized farming (large scale, hired-labor dependent farms).  The community farming 
structures were constructed based on research by Wimberley (1987).  Each of the measures of 
farm structure was a composite of scale and organizational indicators, created through a 
statistical technique called factor analysis.  Multivariate statistical methods, regression and 
discriminant analysis, were used to analyze the effects of the three farm structures net of other 
community conditions, including non-farm industrial employment, establishment size of local 
businesses, human capital and demographics characteristics of the population (educational 
attainments, ethnicity), unemployment, social welfare payments, unionization, and spatial 
factors, such as region of the country.  

 
 7 The gini coefficient is used by the federal government to document income inequality in the United States 
and is the measure used most frequently in recent studies of economic development across spatial units such as 
counties (Lobao et al. 1999). 
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 The findings were the following.  There was consistent support that moderate-size family 
owned and operated farms benefit communities.  Counties where these types of farms (i.e., larger 
family farming) predominated had better socioeconomic well-being (lower family poverty, 
higher median family income, lower unemployment, and lower infant mortality).  The beneficial 
effects of this family farming were found across the U.S., for two time points, 1970 and 1980.  
Moreover, this type of farming continued to result in beneficial effects over time.  Counties 
where larger family farming was greater in 1970 continued to have better socioeconomic well-
being over time.  This study indicates that the “high road” to community development is a 
farming system based on moderate-size family operations.  Such farming not only increases 
aggregate well-being, as indicated by income levels, but it also sustains a larger middle class, as 
indicated by lower income inequality and poverty, and thus allows more families to benefit from 
income produced. 
 However, where industrialized farming was greater, there were mixed effects on 
community well-being: either detrimental or no statistically significant impacts.  For example, 
industrialized farming had no relationship with family poverty or median family income at either 
of two single time points (1970 and 1980).  Industrialized farming, however, was related to 
higher income inequality at both time points, and also to lower family income, higher poverty, 
and higher income inequality across time, over the decade from 1970-1980 (i.e., counties with 
greater industrialized farming in 1970 experienced relative declines in socioeconomic well-being 
over the decade).  The finding that industrialized farms are associated with high income 
inequality indicates that this farming segments social class structure by polarizing families into 
richer and poorer income groups.  Income polarization is related to other social problems, such a 
crime and other breakdowns in community social fabric.  The study also found that where very 
small farms predominated, well-being was poorer.  This indicates that reseachers should 
distinguish between small and moderate family operated units in assessing consequences for 
well-being.  Smaller family farming tends to predominate more in the South. 
 As would be expected in a post-industrial society, nonfarm manufacturing and service 
employment were stronger predictors of community well-being than farming.  However, it is 
important to note the study found that farming, nonfarm industry, and other local characteristics 
were interrelated, mutually sustaining a population in a locale.8  Good quality farms and high 
quality local employment were interrelated, with “larger family farming” associated with greater 
employment in high wage manufacturing and other beneficial sectors. The study offered 
consistent support that when farming is an economic development strategy of choice, moderate-
size family farms are best for communities. 
 
 
 

 
 8  That farming has a smaller impact on community well-being than does nonfarm industry is expected even 
for communities highly dependent on farming.  Farming is interrelated with local nonfarm industry and other 
sectors, forming a community livelihood strategy which sustains a population in a locale.  Communities where 
larger family farming predominated had greater high wage, durable manufacturing employment and greater 
employment in local schools and retail industries.  Communities where industrialized farming predominated had 
greater employment in lower wage manufacturing such as food processing, less employment in education, health, 
and retail services, a higher minority population, and provided relatively higher per capita benefits to welfare 
recipients.  
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 This research on farming systems and community and regional well-being has been 
elaborated in other articles (Kenney, Lobao, Curry, and Goe 1989; Lobao 1987, 1993c, 1996, 
1998; Lobao and Jones 1987; Lobao and Schulman 1991; Lobao, Swanson, and Schulman 1993; 
Lobao and Thomas 1992). 
 One of the most recent sociological analysis on industrialized farming and inequality is 
that conducted by one of Lobao’s students (Crowley, 1999; Crowley and Roscigno, 2004).  This 
1999 study is a Masters’ thesis in Sociology supervised and reviewed by four faculty members in 
the Department of Sociology at The Ohio State University, including Lobao. The methodology 
used in the study is similar to that followed in Lobao (1990), but the indicators of farm structure 
differ.  Crowley’s research extends past work by examining the effects of farm sector concentra-
tion and by updating research to the 1990 period.  It should also be noted that her work is more 
comprehensive than other recent research (reported below) in that she specifies direct and 
indirect paths by which farm concentration affect community well-being.  By farm concentra-
tion, Crowely (1999) means that a few large farms hold a disproportionate share of farm property 
in a community.  Crowley notes that concentration of business property is important to sociolo-
gists because they see concentration as conferring both economic and political power to those 
who control resources in a community.  Concentration of farm property also constrains the 
options of local family farmers to pursue their interests and realize economic gains.  Crowley 
(1999) analyzed the effects of farm concentration using several indicators, (concentration of 
land, value of land and buildings, and the value of equipment and machinery, indicators 
measured by the gini coefficient) and data for all (1053) counties in the North Central U.S. 
(Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, Ohio, North Dakota, 
South Dakota, and Wisconsin).  She analyzed consequences of these dimensions of farm-sector 
concentration for local levels of family poverty and family income inequality net of other 
community characteristics.  Using multivariate regression analysis, she controlled for the 
influences of labor market, demographic, spatial, and other farm structure characteristics.  In 
counties where farm sector concentration was higher (i.e., a few large farms held a dispropor-
tionate share of local property in land and real estate), there was significantly higher poverty 
among families and significantly greater income polarization between families.  Also, where 
farm concentration was higher, residents had lower education. 

In the 2004 study, Crowley and Roscigno documented how concentration of agricultural 
resources shapes rural community stratification through the political economic process.  In 
addition to measures of farm sector resource concentration (value of land, real estate, machinery 
and buildings), measured by the gini coefficient, and labor endowment (percentage of county 
work force employed in core, extractive, competitive, and state sectors), they included measures 
of political process (proportion of votes in presidential election for Democratic Party, average 
household payment rates, average per farm county level spending on agricultural assistance), and 
worker power attributes (percent of manufacturing employees that are unionized, proportion of 
population that are minority, percentage of 25+ population with a high school diploma, and 
proportion of labor force unemployed).  Using data for all (1053) counties in the North Central 
U.S. they found that dimensions of farm sector concentration shape both poverty and inequality.  
Furthermore, they found that farm sector concentration is explained by political economic 
processes, and these processes mediate the negative effects of land concentration on economic 
well-being.  In particular, they found that relative to large scale farms, capital concentration 
promotes government spending that benefits large farms while it blocks government or labor-
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market programs that assists farmers whose farms it consumes and farm workers it exploits.  
These attempts are evident by the increased funding for agricultural research which benefits 
large farms, decreased redistribution efforts through transfer payments to benefit small farms and 
workers, decreased political consciousness through lower levels of Democratic party support, 
and reduced labor power through lower unionization rates and education and higher unemploy-
ment and minority representation. 
 To provide a balanced assessment of the consequences of industrialized farming, it is 
useful to review the past findings of other investigators, using different methodologies, for 
different time periods, and from different disciplines.  In the following sections, we discuss the 
types of studies conducted on the relationship between industrialized farming and community 
well-being and their conclusions.   On balance, the social science evidence accumulated from 
these and other studies supports public, academic, and government concern about the potential 
risks of industrialized farming.  Recent research indicates the public’s welfare is at risk in at least 
four major areas.  Industrialized farming: (1) has a detrimental impact on certain aspects of 
socioeconomic well-being; (2) disrupts the social fabric of communities; (3) poses environmental 
threats where livestock production is concentrated; and (4) is likely to create a new pattern of 
“haves and have nots” in terms of agricultural production, whereby some communities gain 
large, industrialized farms (and attendant social problems) and others lose their farming base as 
production becomes concentrated elsewhere in the state and regional economy. (Drabenstott and 
Smith 1996:4)  
 
III.  REVIEW OF PAST RESEARCH ON INDUSTRIALIZED FARMING AND 

WELL-BEING  
 
 Over the past half century, numerous studies, spanning different time periods and regions 
of the county have tended to find that large-scale industrial farming has detrimental community 
impacts.  This does not mean that every study has produced these results--but rather that:(a) 
empirical evidence accumulated over the years shows a repeated trend that large-scale industrial-
ized farms have adverse impacts on a number of different indicators of community well-being; 
and (b) that this trend is sufficiently established in the social sciences, to the point that almost all 
sociological studies begin with the working hypothesis (research expectation) that large scale 
industrial farms will have adverse community effects.  The extent to which past research 
supports this hypothesis is discussed below.  It should be stressed that no single study can 
provide a definitive answer as to whether large-scale industrialized farming will or will not 
adversely affect public well-being in any particular region or state.  This is due both to the 
complexity of the research question and to the lack of existing data required to fully analyze it.  
At best, a single study can assess the extent to which certain indicators of industrialized farming 
have adverse affects on certain indicators of community well-being in certain places and time 
periods.  Therefore, the most comprehensive answer to the question of whether industrialized 
farming adversely affects public well-being comes not from a single study but from assessing the 
conclusions of decades of past research. 
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A. Research Issues Involved in Analyzing Industrialized Farming and Its Community  
Impacts 

 
 To adequately assess the consequences of large, scale-industrial farming, the following 
issues about indicators of industrialized farming and types of consequences must be considered. 
 

1. Industrialized farming should be analyzed using indicators of farm organization and not 
only scale.   

 
Scale is usually measured by sales or sometimes acreage. As a measure of indus-

trialized farming, scale is limited for several reasons:(a) family owned and operated 
farms may be large scale owing to technology; (b) scale alone does not capture organiza-
tional features of industrialized farming, such as absentee ownership and non-family con-
trol over production, that are thought to put communities at risk.  Organizational meas-
ures of industrialized farming include: vertical integration of corporations into farming; 
contract farming arrangements;    absentee ownership of production factors; dependency 
on hired labor; operation by farm managers, as opposed to material operation by family 
members; and legal status as a corporation.  With regard to legal status, family and non-
family-held corporations should be distinguished.9  

 
2. To adequately assess consequences for community well-being, the full array of outcomes  

should be considered.  Research points to three major sets of consequences of industrial-
ized farming in a community: impacts on socioeconomic well-being, community social 
fabric, and environment.   
 

Socioeconomic well-being refers to standard measures of economic performance 
(essentially employment, income, and business activity) and to a broader range of socio-
economic indicators used by sociologists to tap material conditions of families and popu-
lations (family poverty rates, income inequality).  

Community social fabric refers to social organization, the features of a community 
that reflects its stability and quality of social life.  Impacts on community social fabric are 
seen in social indicators such as: population change; social disruption indicators (crime 
rates, births-to-teenagers, social-psychological stress, community conflict, interference 
with enjoyment of property); educational attainments and schooling quality; changes in 
social class structure  (decline of local middle class, in-migration of low wage workers); 
health status, such as mortality rates; civic participation (e.g., declines in church atten-
dance, voluntary organizational membership, and voting); and changes in local govern-
ance, such as loss of local control over community decision-making, and resource/fiscal 
pressures on local government, such as those due to increased need for social services 
and diversion of public funds to subsidize agribusiness development. 

Environmental indicators include quality of water, soil, and air, energy usage, and 
environmentally-related health conditions.   

 
 9 It also should be recognized that farms may be incorporated because of family farmers’ interests in estate 
planning, greater assurance of business continuity, limited liability, and income tax advantages. 
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3. Industrialized farming has both direct and indirect consequences for community well 

-being.  Both sets of consequences should be considered.   
 

Industrialized farms directly influence community well-being: through the quan-
tity of jobs produced and the earnings’ quality of those jobs; by the extent to which these 
farms purchase inputs and sell outputs locally; by affecting the quality of local environ-
mental conditions; and by affecting local decision-making about economic development 
and other public-interest areas relevant to community quality of life. 

First-order, indirect effects on local economic performance and general socioeco-
nomic conditions occur because the quantity and quality of jobs plus purchases affect to-
tal community employment, earnings, and income (e.g., economic multiplier effects), the 
local poverty rate, and income inequality.  First order, indirect effects on local social fab-
ric occur because: the quantity of jobs created by industrial farms affects total community 
population size; the quantity and quality of jobs affects social class composition, such as 
a when an increase in hired farm workers reduces the proportion of the local middle 
class; local control over      community decision-making may erode or become conflict-
ual, since the interests of industrialized farmers and absentee owners are detached from 
those of local residents. 

Second-order, indirect effects on local social fabric work through first-order ef-
fects above.  Population size and social class composition are related to: indicators of 
community social disruption, such as crime, family instability, the high school dropout 
rate, and conflict resulting in civil suits; local demand for schooling, public assistance, 
health, and other social services; and the property tax base (Boles and Rupnow 1979; 
Freudenburg and Jones 1991, Murdock et. al 1988; North Central Center for Regional 
Development 1999).10  Decline of local control over community decisions-making cre-
ates problems associated with poor governance, such as: the potential for diversion of 
public resources toward financial incentives supporting the interests of agribusiness de-
velopers over the community at large; and the loss of public and private revenues to sup-
port local schools, community services, and infrastructure, which contributes to a down-
ward spiral of community social and economic conditions. 

The direct and indirect paths by which industrialized farming may affect commu-
nity well-being are delineated in various studies, including Boles and Rupnow (1979), 
Lasley et al. (1995), Lobao (1990), MacCannell (1988), and the North Central Regional 
Center for Rural Development (1999). 

 
4.  Differences in impacts for diverse social groups within the community must be consid-

ered.   
 

Changes in farming affect social groups differently, depending upon their age, 
class position, and residents’ proximity to industrialized farms.  The elderly and poor are 

 
 10 Rapid increases in population size and poorer social class composition tend to be related to the indicators 
of social disruption noted above and also place increased demands on local schooling and other social services.  
Population decline reduces local demand for services and the property tax base.. 
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affected by rising costs of housing and services whenever large corporations migrate to a 
rural community (Summers et al. 1976).  Within communities with large confined animal 
feeding operations (CAFOs), residents who live closer to the operation report inability to 
enjoy their properties and physical and psychological problems associated with odor 
(Schiffman and others 1998; Wing and Wolf 1999; Reisner et al., 2004; Constance and 
Tunistra, 2005). Property closer to CAFOs has been found to fail to appreciate in value 
relative to places further away  (Seipel and others 1998).  Income generated by industrial-
ized farming (relative to family farming and over time) also appears less likely to filter 
down to families of different social classes.  As noted, Lobao (1990) and Crowley (1999) 
found that income inequality was higher in communities where industrialized farming 
was greater. 

 
5. There are long-term as well as short-term consequences of industrialized farming for 

communities and for regional development within a state.   
 

Industrialized farming puts a community on a path of development whose conse-
quences are not fully manifest in the short term of one or two years.  Lobao (1990) found 
that some impacts were manifest a decade later.  As noted earlier,  counties with greater 
industrialized farming in 1970 had significantly poorer well-being a decade later: these 
counties had lower median family income, higher family poverty rates, and higher in-
come inequality relative to other counties and net of past county conditions.  

For the heartland states, including North Dakota, economists at the Federal Re-
serve Board of Kansas City (Drabenstott and Smith 1996:4) indicate that differences in 
communities will widen over time.  According to these economists: 
 
Industrialized agriculture produces two effects on rural communities.  As production increases in some 
“cluster” communities, it will leave others, lessening agriculture’s impacts.  Communities that are home to 
industrialized production and processing may see jobs and income increase.  But even there, the economic 
links will be different than under community production.  More production inputs are purchased from 
nonlocal sources, and more of the profits go to nonlocal owners of the firm. 

 
B.  Types of Studies Conducted on the Effects of Industrialized Farming: Research 

Designs and Methodology 
 
 Analysts have used primarily four different types of research designs to assess whether 
industrialized farms have detrimental impacts on communities.  Each design has inherent 
strengths and limitations in being able to comprehensively analyze industrialized farming and its 
many potential impacts noted above.11  
 
1.  Case-study designs provide in-depth analysis of the consequences of industrialized 

farming in a single or multi- community site.  Usually, a comparative case-study design is 
implemented whereby a community or communities characterized by industrialized farm-
ing are contrasted with a community or communities with a different farming pattern 

 
 11 We have outlined the strengths and limitations that are intrinsic to each research design.  A individual 
study will vary as to how the analysts have exploited the strengths or overcome the limitations of the design. 
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(usually moderate-size, family-owned and operated farms).  A comparative case-study 
design allows communities to be matched on similar background characteristics, such as 
location near cities and dependency on farming as an economic base, which helps to 
“control” (or exclude) extraneous factors that influence the relationship between farming 
type and community well-being.  Examples of case studies are Goldschmidt (1978a) 
noted above and the North Central Regional Center for Rural Development (1999).  The 
strengths of case-studies are the following.  (a) They provide detailed information about 
how both scale and organizational aspects of industrialized farming impact community 
well-being.  (b) They provide detailed information about outcomes for a great many 
community indicators of local socioeconomic well-being, social fabric, and environment. 
(c) They trace the direct and indirect effects of industrialized farming.  (d) They can ad-
dress short-term as well as long-term outcomes.  The inherent limitation of case-studies is 
that detailed conclusions are produced about the impacts of industrialized farms in spe-
cific site communities at the expense of producing less detailed findings but over a 
greater number of research sites.  Case-studies also vary as to how well the analyst is able 
to partition out extraneous factors that influence the causal relationships of importance. 

 
2.  Macro-social accounting designs involve statistical analysis of secondary or pre-

collected data from government and other sources, such as the Census of Agriculture and 
Census of Population, to document relationships found in regional social structure (Mac-
Cannell 1988).  Community units, such as counties and townships, and states are the re-
search focus.  To assess the consequences of industrialized farming, analysts usually 
compare its effects relative to other farming (usually smaller or moderate-size family 
farm units) and over time, while controlling for other, non-farm factors known to affect 
community well-being.  Multivariate statistical techniques, such as regression procedures 
and discriminant analysis, are used so that the effects of farm structure are assessed net of 
other community conditions.  Examples are Gilles and Dalecki (1988), Lobao (1990), 
Crowley (1999), Crowley and Roscigno (2004) and Irwin et al. (1999).  The strengths of 
these studies are the following. (a) They provide conclusions about true (actual empirical) 
relationships, which are generalizable across many communities, various states, and the 
nation as a whole. (b) They provide conclusions about industrialized farming using 
measures of scale and organization. Customary measures of industrialized farming in 
these studies are: for scale, farm size in sales, such as the percent of farms above some 
gross annual sales threshold (e.g. above $500,000) or depending upon commodity, acre-
age above a certain size; for organizational indicators, percent of farms organized as cor-
porations or non-family-held corporations; percent of farms with full-time hired labor; 
annual costs of hired labor per farm; and non-resident operators.  (c) Macro-social ac-
counting designs provide conclusions about a variety of socioeconomic well-being indi-
cators (i.e., unemployment rate, poverty rate, income levels, income inequality), social 
fabric impacts (i.e., population change, educational attainments, health status, family dis-
ruption indicators), and about some environmental indicators (i.e., energy usage).  (d) 
They address short-term and long-term relationships between industrialized farming and 
community well-being.  The inherent limitation of these studies is that they depend on the 
availability of pre-collected data, which constrains the use of certain measures and time 
periods of study.  Some organizational measures of industrialized farming, contract farm-
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ing and vertical integration of farm units are not available over time from the Census of 
Agriculture or from other secondary sources across communities. 

 
3.  Regional economic impact models use linear programming methods to estimate impacts 

on employment and income for regions, states, and smaller units such as counties and cit-
ies.  These studies focus on the integration of business enterprises in markets and use 
programs, such as variants of input-output analysis, to model the backward and forward 
linkages with enterprises in other industries and to estimate resulting local impacts.  The 
costs and benefits of varying different firm-level practices can be estimated.  Examples 
are studies by Heady and Sonka (1974), Marousek (1979), Otto et al. (1998), and Thomp-
son and Haskins (1998). The strengths of regional economic impact models are the fol-
lowing.  (a) They provide detail about economic performance, such as the number of jobs 
and total income produced by firms or industries in a region or community. (b) They can 
provide projected estimates, so that the potential impacts of not yet existing enterprises 
can be appraised.  Limitations of regional economic impact, input-output models are 
well-known and documented.12  In brief, most models involve assumptions about rela-
tionships not actually found in the community--that is, models depend on estimates from 
past years and different places.  To the extent to which real (true, empirical) conditions in 
a particular community vary, these studies will not provide accurate assessment of im-
pacts.  Another inherent limitation is the types indicators of industrialized farming and 
impacts addressed.  Farm scale, as indicated by sales and labor force size, is analyzed, not 
the organization of production.  These studies do not examine certain socioeconomic 
well-being indicators such as family poverty and income inequality (the degree to which 
economic growth is shared by families throughout the community); nor do they examine 
social fabric or environmental indicators.  Finally, input-output analyses of industrialized 
farming usually do not address long-term impacts, such as over the course of a decade.  

 
4.  Survey-design studies use samples of populations from any number of communities. 

These studies use interviews or questionnaires to document how industrialized farming 
affects residents or a particular social group exposed to industrialized farming as com-
pared to those who are not (such as those residing in family farming communities).  In 
contrast to macro-social accounting and economic impact models which are based usu-
ally on secondary or pre-collected data, the researchers using a survey design collect pri-
mary data directly from individuals or families.  Multivariate statistical procedures such 
as regression are used to assess the consequences of farm variables net of other commu-
nity and individual characteristics.  Examples of studies based on survey designs are Hef-
fernan and Lasley (1978), Poole (1981), Wing and Wolf (1999).  The strengths of these 
studies are the following. (a) They provide detailed information about how both scale and 
organizational aspects of industrialized farming impact individuals or families.  (b) They 

 
 12  A good review of input-output analysis is provided by the recent report published by the University of 
Minnesota (1999) on the impacts of the livestock industry.  The authors (pp. F35-F56) note that input-output 
models, such as IMPLAN, are limited by the quality of data used in the models, the assumptions made about 
regional purchase coefficients, and how economic shocks are specified.  The authors note that for the present period 
it has become increasingly difficult to obtain data from large farms and therefore more difficult to adequately 
analyze costs by size of operation. 
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provide detailed information about outcomes for a great many indicators of personal and 
family social and economic well-being, including social fabric indicators, such as com-
munity participation and stress, health status, all of which allows for a more in-depth 
analysis of quality of life.  Inherent limitations of surveys for addressing the impacts of 
industrialized farming are that cost considerations often restrict surveys to specific states 
and communities and to one time point. 

C.   Conclusions of Studies Examining Industrialized Farming and Community Well-
being 

 
 As noted, to assess the consequences of industrialized farming, it is useful to examine the 
body of past work conducted by researchers from various social science disciplines, over time, 
and using different methodologies.  Table 1 reports the conclusions from 56 studies conducted 
since the 1930s on the effects of industrialized farming on communities to provide the most 
recent findings for each of the four study designs above.  This table has been updated from 
Lobao (2000) by adding all empirical studies published on the topic in Rural Sociology (the 
major scholarly journal in this field) since 2000. A review of articles in the American Journal of 
Agricultural Economics (the major scholarly journal in this field) over the past five years was 
undertaken but no empirical studies were found on the topic.  In addition, the following journals 
were surveyed for articles relevant to the topic:  Agriculture, Food and Human Values, Culture 
and Agriculture, Sociologia Ruralis, Southern Rural Sociology, American Journal of Alternative 
Agriculture (now the Renewable Agriculture and Food Systems journal), Journal of Rural 
Studies and the International Journal of the Sociology of Agriculture and Food.  Two scholarly 
search engines -- Google Scholar and Agricola – were also used to find relevant articles.  Some 
articles were located serendipitously.  The programs and abstracts for the 2000-2005 annual 
meetings of the Rural Sociological Society also were reviewed. 
 In Table 1, studies are classified by: (a) methodology, referring to the research designs 
described above; (b) regions of the country analyzed; (c) the indicators used to measure 
industrialized farming; (d) types of impacts analyzed; and (e) results of the study as to whether 
detrimental impacts were found (discussed further below).  With regard to the indicators of 
industrialized farming, most of the studies examine farm scale; organizational characteristics are 
examined less frequently. The studies examine a wide variety of impacts on community well-
being.  Community well-being impacts were classified as to whether they were socioeconomic 
well-being indicators (income levels, poverty, and unemployment); indicators of social fabric 
(population change, social class, civic involvement, quality and types of community services, 
population size and composition, and social disruption indicators such as stress and crime); and 
environmental impacts. In most studies (all of the sociological studies), the authors hypothesize 
that where farms are larger scale or industrialized in terms of organizational characteristics, they 
have a detrimental impact on the indicator(s) of community well-being, relative to family-owned 
and operated farms.  These relationships are expected to be found across communities and over 
time. 
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Types of Detrimental Impacts Reported by Social Scientists 
  

Social scientists report that industrialized farms are related to relatively worse conditions 
for the following community impacts: 
 
Socioeconomic Well-being 
1.  Lower relative incomes for certain segments of the community: greater income inequality 

(income polarization between affluent and poor), or greater poverty. 
(Tetreau 1940; Goldschmidt 1978a; Heady and Sonka 1974; Rodefeld 1974; Flora et al. 
1977; Wheelock 1979; Lobao 1990; Crowley 1999, Deller, 2003; Crowly & Roscigno, 
2004: Peters, 2002; Welsch & Lyson, 2001; Durrenberger and Thu, 1996) 

2.  Higher unemployment rates. 
  (Skees and Swanson 1988;  Welsch & Lyson, 2001) 
3.   Lower total community employment generated. 
  (Marousek 1979; Thompson and Haskins 1999)  
 
Social Fabric 
1.  Population: decline in local population size where family farms are replaced by industri-

alized farms; smaller population sustained by industrialized farms relative to family 
farms. (Goldschmidt 1978a; Heady and Sonka 1974; Rodefeld 1974; Wheelock 1979; 
Swanson 1980) 

2.  Class composition: social class structure becomes poorer (increases in hired labor). 
(Gilles and Dalecki 1988; Goldschmidt 1978a; Harris and Gilbert 1982) 
Social disruption: 

• increases in crime rates and civil suits (North Central Regional Center for Rural 
Development 1999); 

•  general increase in social conflict (Seipel et al. 1999);  
•  greater childbearing among teenagers (Lobao 1990);  
•  increased stress,  social-psychological problems (Martinson et al. 1976; Schiff-

man et al. 1998)  
• swine CAFOs located in census blocks with high poverty and minority popula-

tions (Wilson, et al., 2002)  
•  deterioration of relationships between hog farmers and neighbors (Jackson-Smith 

& Gillespie, 2005; McMillan and Schulman, 2003)  
•  more stressful, less neighborly relations (Constance & Tuinstra, 2004; Smithers, 

et al., 2004) 
4.  Civic participation: deterioration in community organizations, less involvement in social 

life. (Goldschmidt 1978a; Heffernan and Lasley 1978; Poole 1981; Rodefeld 1974; Ly-
son, et al, 2004; Smithers, 2004) 

5.  Quality of local governance: less democratic political decision-making, public becomes 
less involved as outside agribusiness interests increase control over local decision-
making. 

 (Tetreau 1940; Rodefeld 1974; Goldschmidt 1978a; McMillan and Schulman, 2003) 
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6.  Community services: fewer or poorer quality public services, fewer churches. 
(Tetreau 1940; Fujimoto 1977;  Goldschmidt 1978a; Swanson 1980) 

7.  Retail trade: decreased retail trade and fewer, less diverse retail firms. 
(Goldschmidt 1978a; Heady and Sonka 1974; Rodefeld 1974; Fujimoto 1977; Marousek 
1979; Swanson 1980; Skees and Swanson 1988; Foltz et al, 2002; Foltz & Zueli, 2005, 
Smithers, 2004; Gomez & Zhang, 2000) 

8.  Reduced enjoyment of property: deterioration of landscape, odor in communities with 
hog CAFOs (Schiffman et al. 1998; Wing and Wolf 1999; Constance & Tuinstra, 2005; 
Reisner et al., 2004; Wright et al., 2005; Wing and Wolf, 2000; Kleiner, 2003; McMillan 
and Schulman, 2003) 

9.  Health: neighbors of hog CAFOs report upper respiratory, digestive tract disorder, eye 
problems. (Wing and Wolf 1999; Constance & Tuinstra, 2005; Reisner et al., 2004; 
Wright et al., 2005; Wing and Wolf, 2000; Kleiner, 2003) 

10.  Real estate values: residences closest to hog CAFOs experience declining values relative 
to those more distant. (North Central Regional Center for Rural Development (1999:46); 
Seipel et al. 1998; Constance & Tuinstra, 2005; Reisner et al., 2004; Wright et al., 2005) 
 

Environment 
1.  Eco-system strains: depletion of water, other energy resources.  (Tetreau 1940; Buttel and 

Larson 1979; North Central Regional Center for Rural Development 1999) 
2.  Environmental consequences of CAFOs: increase in Safe Drinking Water Act violations, 

air quality problems, increased risks of nutrient overload in soils. (North Central Regional 
Center for Rural Development 1999) 

 
Summary of Conclusions Reported by Social Scientists by Study 
 
 In addition to showing the types of impacts reported in the social science literature, the 
studies also provide an overview of the consistency of evidence on the risks of industrialized 
farming.  For each study, a number of different relationships may be tested. Authors invariably 
provide a summary estimation of each study’s conclusion.  Whether hypotheses about detrimen-
tal effects were largely supported (e.g. the authors report detrimental impacts overall); whether 
there were mixed findings (authors report only some detrimental impacts were found); and 
whether authors’ report no detrimental effects.  The results of the studies were then classified 
according to findings along those three lines: detrimental, some detrimental, or No Detrimental.  
Out of the total 56 studies, the researchers report largely detrimental impacts in 32, some 
detrimental impacts in 14, and no evidence of detrimental impacts in 10.  Thus, over 82% (46 out 
of 56) of the studies report finding some negative impacts of industrialized farming.  It is this 
consistency of past research which leads researchers to hypothesize that industrialized farming 
will jeopardize communities. 
 Of the thirty two studies where social scientists found predominantly detrimental impacts, 
the following points should be noted.  First, studies reporting these impacts exist through all time 
periods, from the 1930s to the present.  The studies show detrimental impacts for socioeconomic 
well-being, social fabric, and environment across communities, for both scale and organizational 
indicators, and throughout all regions of the country, including the North Central heartland 
states.  These studies use five types of research designs, comparative case study, macro-social 
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accounting, regional economic impact models and survey.  In other words, a great deal of 
evidence produced over time, for various regions of the country, by different researchers, and by 
five different research designs shows that industrialized farming has detrimental impacts. 
 Of the fourteen studies where social scientists report some, but not consistenly negative 
impacts of industrialized farming, the following points should be noted.  These studies provide 
mixed findings, in that while adverse effects on some community indicators were found, at least 
one of the following also occurred: (a) industrialized farming had no statistical relationship with 
other indicators (i.e. there was an absence of any relationship); (b) industrialized farming had a 
trade-off effect, with beneficial effects on certain indicators; (c) industrialized farming did not 
consistently produce negative impacts for all time periods or regions; or (d) industrialized 
farming produced beneficial effects for some groups but Detrimental to other groups.  These 
studies were found principally in the use of four research designs: regional impact studies of 
economic performance, macro-social accounting, case study, and survey.  Regional impact 
studies (e.g., Heady and Sonka 1974; Marousek 1979) have tended to show costs-benefits for 
economic performance indicators, with larger farms injecting greater total income into the 
community, but also producing less employment relative to smaller farms.  In the case of macro-
social accounting studies reporting mixed effects, Lobao’s (1990) study is an example.  For 
counties in the forty-eight contiguous states, industrialized farming had no relationship with 
family poverty or median family income at either of two single time points (1970 and 1980); 
however, industrialized farming was related to higher income inequality at both time points and 
also to lower family income, higher poverty, and higher income inequality over the decade from 
1970-1980 (i.e. counties with greater industrialized farming in 1970 experienced relative 
declines in socioeconomic well-being over the decade).  

An example of a case study showing mixed effects is Wright, et al., (2001) conducted in 
six CAFO counties in Minnesota.  This study demonstrated the mixed impacts of CAFOs for 
residents in these counties.  This study found that CAFOs had positive effects for farmers who 
expanded their operations, detrimental effects for neighbors to CAFOs who saw their ability to 
enjoy their property deteriorate, detrimental effects for younger and mid-sized producers unable 
to expand because expansion by others had restricted their access to markets, detrimental effects 
for older producers who mourned a loss of a way of life, and no effects for those who were not 
neighbors or who were not expanding.  The greatest detrimental effects were the decline in social 
capital as trust in government agencies declined due to their inability to make decisions in a 
timely manner, and a decline in cultural capital because of the differing visions of agriculture and 
of local communities.   

A survey study (Jackson-Smith and Gillespie, 2005) also found mixed effects regarding 
the impact of scale on social relations.  When demographic variables were controlled, there was 
little evidence that size of farm or use of hired workers was related to relationships with 
neighbors, however, farm size was the strongest predictor of neighbors’ complaints about a dairy 
operation. 
 The ten studies that found no detrimental impacts of industrialized farming used regional 
impact models, macro-social accounting, and survey designs.   Most of these studies analyzed 
only indicators of socioeconomic well-being.  The regional impact study by Otto et al. (1998) 
indicated that larger farms are beneficial, both in terms of injecting greater income into a 
community and in creating more jobs.  The results of this study were later challenged by 
Thompson and Haskins (1998) who argued that Otto et al. (1998) failed to correctly compare 
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large farms with smaller farms by holding constant total output.  Here the point is not to dispute  
either study but to note that regional impact models because of their assumptions, use of shocks 
(i.e. disruptions to the regional economy), and focus on scale as opposed to organizational 
indicators usually find net benefits for specific economic performance indicators.  An example of 
a macro-social accounting study that found no detrimental impacts is Lobao and Schulman 
(1991).  They examined whether industrialized farming was related to higher poverty for the four 
major agricultural regions in the contiguous states for 1970-1980.  They found while moderate-
size family farming was related to lower poverty for the North Central states, there was no 
significant relationship between poverty and industrialized farming in any of the four U.S. 
regions analyzed.  Most of the macro-social accounting studies finding no detrimental impacts of 
industrialized were conducted using data for 1970-1980.  Skees and Swanson (1988) note that 
the time period may be a factor why detrimental impacts are less likely to be found, because 
industrialized farming was more regionally confined and of less magnitude in the past than in 
more recent time periods.  A recent survey design study (Foltz and Zueli, 2005) did not find 
evidence that large farms are unlikely to purchase locally when the presence or absence of local 
suppliers was taken into consideration, and instead demonstrated that purchasing patterns are 
commodity specific and are determined by community attachment, and local supply considera-
tions. 
 
D.  Examples of Recent Sociological Research on the Consequences of Industrialized 

Farming  
 
1. Macro-social Accounting: Several macro-social accounting studies provide examples of 
recent sociological research on industrialized farming. The most recent macro-social accounting 
studies on the effects of industrialized farming are by Crowley (1999), Crowley and Roscigno 
(2004), Welsh and Lyson (2001), Lyson et al. (2001), and Peters (2002).   

The 1999 study by Crowley analyzed the effects of farm concentration using several in-
dicators:  concentration of land, value of land and buildings, and the value of equipment and 
machinery) and data for counties in the North Central region comprising Illinois, Indiana, Iowa, 
Kansas, Michigan, Minnesota, Missouri, Nebraska, Ohio, North Dakota, South Dakota, and 
Wisconsin.  She analyzed consequences of these dimensions of farm-sector concentration for 
local levels of poverty and inequality, controlling for the influences of labor market, demo-
graphic, spatial, and other farm structure characteristics.  As noted earlier, she found where farm 
sector concentration is higher (i.e., a few large farms held a large share of local property in land 
and real estate) both poverty and inequality are higher and education is lower.   

In the 2004 study, Crowley and Roscigno documented how concentration of agricultural 
resources shapes rural community stratification through the political economic process.  In 
addition to measures of farm sector concentration, measured by the gini coefficient and labor 
endowment, they extended the analysis to include measures of political process, and worker 
power attributes.  Again using data for all (1053) counties in the North Central U.S. they found 
that dimensions of farm sector concentration shape both poverty and inequality.  Furthermore, 
they found that farm sector concentration is explained by political economic processes, and these 
processes mediate the negative effects of land concentration on economic well-being.  In 
particular, they found that relative to large scale farms, capital concentration promotes govern 
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ment spending that benefits large farms while it blocks government or labor-market programs 
that assist farmers whose farms it consumes and farm workers it exploits.  
 Whether people in agricultural areas in states with anti-corporate farming laws fare better 
on measures of economic health than do people in agricultural areas in states without such laws 
was studied by Welsh and Lyson (2001).  In examining states with anti-corporate farming laws 
(Iowa, Kansas, Minnesota, Missouri, North Dakota, South Dakota, Oklahoma, and Wisconsin), 
they found that agriculture dependent counties in states with such laws fare better on economic 
measures, i.e. less families in poverty, lower unemployment, and higher percentages of farms 
realizing cash gains.   
 In the first analysis of all agriculture dependent counties, they found that agriculture 
dependent counties in states with anti-corporate farming laws have lower poverty rates, lower 
levels of unemployment, and a higher percentage of farms reporting cash gains than agriculture 
dependent counties in states without anti-corporate farming laws.  These results were consistent 
for both the cross-sectional analysis (across states in same time period) and longitudinal analysis 
(within states across time periods).  In the second analysis of states with more restrictive anti-
corporate farming laws compared to states with less restrictive laws, the restrictiveness index had 
no effect on poverty in the cross sectional analysis (across states at the same time period) but a 
slight, positive association in the longitudinal analysis (within state, across time periods).  That 
is, states with more restrictive laws have slightly higher poverty rates over time than do states 
with less restrictive laws.  The restrictiveness index had a strong, negative association with 
unemployment in the cross-sectional analysis, but no association in the longitudinal analysis.  
That is, states with more restrictive laws have lower poverty rates at the same point in time than 
do states with less restrictive laws.  Finally, the restrictiveness index had a strong positive 
association with the percentage of farms reporting cash grains in the cross-sectional analysis, but 
no association in the longitudinal analysis.  That is, states with more restrictive laws have higher 
percentages of farms reporting cash gains at the same point in time than do states with less 
restrictive laws. 
 Lyson et al. (2001) found support for Goldschmidt’s findings of a negative relationship 
between farm scale and community well-being, but these negative relationships were mediated 
by the presence or absence of a civically-engaged middle class. This study examined the 
agriculture dependent counties in the U.S. for the period 1982 to 1992. In this study, community 
welfare is measured by percentage of families in poverty, unemployment rates, and percentage of 
low birth weight babies.  Civically-engaged middle class is measured by percentage of workforce 
that is self-employed, percentage of labor force working at home, and percentage of small 
commercial establishments.  Farm scale is measured by percentage of sales by farms of $500,000 
in sales, percentage of farm operators residing on their farms, percentage of tenant farmers in 
county, and percentage of hired labor on largest farms. They concluded that the presence of a 
civically-engaged middle class is a more consistent predictor of rural community welfare than 
was farm scale. More specifically, they found that counties dominated by large scale, absentee 
owned, agricultural enterprises have less favorable welfare outcomes.  However, the presence of 
a civically-engaged middle class mitigates the negative relationships and enhances positive 
relationships between farm scale and community welfare.  Their findings did not dispute the 
Goldschmidt hypothesis of a negative relationship between large scale, industrial type farms and 
community welfare, but they argue that the relationship is not as economistic and deterministic 
as had been typically hypothesized.   
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   A study of the non-metropolitan counties in Iowa, Kansas, and Missouri by Peters (2002) 
found support for the argument that the economic structure of the agricultural, industrial and 
service sectors impacts socioeconomic conditions in non-metropolitan areas. More specifically, 
he found that areas with greater concentrations of owner-operated farms result in decreased 
children at risk scores.  He argues that this finding supports the Goldschmidt hypothesis that 
family farming areas are better developed both economically and socially.  Because the 
concentration of non-farm proprietorships did not predict children at risk scores, he suggests that 
it was not proprietorships in general that mattered as much as the economic nature of farming.  
He notes two problems with this measure:  It does not differentiate between types of farm 
proprietorships, either by farm size, primary occupation, or management structure, and it does 
not identify what is unique about farm proprietorships as contrasted to other types of proprietor-
ships that causes improved socioeconomic conditions for children. He also found that areas with 
greater concentrations of industrial agriculture, characterized by wage labor relations, produce 
worse socioeconomic conditions for children.  This was one of the weakest predictors of children 
at risk scores, but one of the strongest predictors was percent employed in animal slaughter and 
meat processing which causes scores to increase. Peters argues that although not considered 
agricultural production, meat manufacturing is considered part of the agro-food industrial 
complex.  When the measures of both production and of manufacturing of agricultural products 
are taken together as a measure of industrial agriculture, he argues they support the Goldschmidt 
hypothesis.   
 
2. Case Studies: Five recent case studies (NCRCRD, 1999, Seipel et al., 1999; Wright et 
al., 2001; Constance and Tunistra, 2005; McMillan and Schulman, 2003) document the 
detrimental effects of confined animal feeding operations (CAFOs), a particular kind of 
industrial agriculture, on community quality of life. 
 A comprehensive case-study on industrialized farming is that by the North Central 
Regional Center for Rural Development (NCRCRD, 1999).  This study is useful for providing 
documentation about relationships over time and for assessing impacts on a wide range of 
socioeconomic, social fabric, and environmental indicators.  The study examines the impacts of a 
large, confined animal feeding operation (CAFO) owned by the Seaboard Corporation, which 
moved to Texas County, Oklahoma in 1992.  Company officials indicated that Seaboard was 
attracted to Oklahoma because of the state’s “relatively lax anti-corporate farm laws, permissive 
groundwater access laws, and generous public sector incentives” (NCRCRD 1999:1).  Public 
sector incentives given to Seaboard to locate in the county totaled $60.6 million dollars, with the 
capital coming from publicly repaid bonds, taxes foregone, interest subsidies and grants, an 
investment of $27,500 per job created.  At the time Seaboard moved to Texas County in 1992, 
the county had an unemployment rate of 3.7% and was among the highest per capita income 
counties in the state.  Seaboard made extensive land purchases in the county to establish 
corporate-owned swine production facilities as few local cattle ranchers were interested in 
raising pigs due to the terms of the contracts offered (NCRCRD 1999:16).  To analyze the effects 
of the CAFO, a comparative case-study design was used where changes in Texas County were 
compared to thirteen other farming dependent counties in Oklahoma.  As a strategy of local  
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economic development, the CAFO performed poorly.13  The number of jobs, per capita income, 
poverty rate, number of new businesses, and total bank assets did not change at a rate signifi-
cantly different from the other, comparison farming dependent counties.  Consumer loans 
increased at a greater rate in Texas County, but increases in commercial and industrial loans 
were greater in the comparison counties.  The economic benefits gained were increases in retail 
sales and property values. The community costs of the CAFO were experienced largely in social 
fabric and environment.  With regard to social fabric, beneficial impacts were seen in increased 
population and school enrollment relative to comparison counties.  But most other indicators 
showed rifts in the social fabric. Crime rates increased by 74% in Texas county, compared to a 
decline of 12.5% in the comparison counties over 1990-1997 (NCRCRD 1999:38).  Theft 
increased 64%, while it decreased 11% in the comparison counties.  Violent crimes increased 
378%, but decreased by 29% in the comparison counties.  Availability of housing declined and 
rental rates increased to a greater degree than the comparison counties, indicating that crowding 
is occurring and that the elderly and poor may be priced out of the county.  With regard to the 
environment, water quality violations were much greater in Texas County relative to the 
comparison counties. Livestock water use increased 66% from 1990 to 1995 in the county.  
Environmental impacts noted by NCRCRD (1999) were in water depletion and quality, odor, and 
increased risks of nutrient overload in local soils. 
 Research by Seipel et al. (1999) elaborate on the NCRCRD (1999) findings by outlining 
reasons why industrialized farming contributes to breakdowns in social fabric and to environ-
mental degradation.  Based on research in four Missouri communities, they note that CAFOs 
tend to increase social conflict and personal and community stress for the following reasons: 
1. Some individuals and communities are exposed to the social and environmental harm of 

CAFOs when other people and communities are not, creating conflict between those resi-
dents that pay the costs of industrialized farming and those that do not. 

2. The public has often not been involved in decision-making and has not chosen this 
development as a group. 

3.  Community residents experience loss of personal control as outsiders, politicians, and 
corporations are perceived as exercising control over local lives. 

4. There is an infusion of new systems and people that communities must now accommo-
date. 

5.  While hog farms are a normal part of many rural areas, concentrated operations of 
thousands of animals confined to one location are not. 

6.  There is insecurity about health.  Residents look to CAFOs and odor to explain personal 
and family health-related problems.  There is increased concern about the health of chil-
dren and later generations. 

 
 
 

 
 13 The NCRCRD (1999:28-29) study describes how incorrect assumptions in input-output analysis led to 
misleading results about projected impacts of recruiting the new integrated corporate hog and pork producer to 
Texas county.  Analysts used a figure of $35,137 for average annual income of swine production jobs in input-
output models.  However, this figure was derived from research in Iowa and was nearly twice the amount earned by 
swine production workers in Oklahoma.  Thus, the input-output analysis severely over-estimated the total income 
and number of jobs that would be produced in the county by recruiting the corporation. 
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7.  There is “loss of perceived control” (an indicator related to social psychological stress 
and depression).  There is guilt and anxiety over the inability to protect oneself and fam-
ily, and a feeling of powerlessness concerning resolution of the problems brought on by 
the industrialized operation. 

8. Residents’ perceptions about their community changes from a place of security and sense 
of attachment to a “a degraded space and context of conflict.” 

9.  There is anger and disgust with those who bring CAFOs to the community, which leads 
to general distrust of government. 

10.  There is a social stigma attached to living in a CAFO community due to the deterioration 
of local landscape and to odor problems.  

 
 Seipel et al. (1999) note the following general environmental problems related to hog CAFOs: 
1.  Algae growth and oxygen depletion of surface waters 
2.  Contamination of wells and groundwaters 
3.  Contamination of surface water drinking supplies 
4.  Risk of drinking water contamination due to pathogens such as fecal coliform 
5.  For workers on CAFOs, the risks of health problems include: asthma, organic dust toxic 

syndrome, upper airway inflammation, and bronchitis 
6.  For neighbors of CAFOS, environmental health problem risks include: upper respiratory 

and digestive track disorders, headaches, nausea, and burning eyes. 
 
 Case studies conducted by Wright, et al., (2001) in six CAFO counties in Minnesota 
demonstrated the mixed impacts of CAFOs for residents in these counties.  In these studies they 
found that CAFOs had positive effects for farmers who expanded their operations, detrimental 
for neighbors to CAFOs who saw their ability to enjoy their property deteriorate, detrimental for 
younger and mid-sized producers who were unable to expand because expansion by others has 
restricted their access to markets, detrimental for older producers who mourned a loss of a way 
of life, and no effects for those who were not neighbors and who were not expanding.  The 
greatest detrimental effect was the decline in social capital as trust in government agencies 
declined due to their inability to make decisions in a timely manner, and a decline in cultural 
capital because of the differing visions of agriculture and of local communities.   
 A case study by Constance and Tuinstra (2005) found that the quality of life was more 
stressful and less neighborly in communities with chicken CAFOs. The strain between neighbors 
and CAFO owners was evident in their perception of the issues.  While neighbors focused on 
substantive concerns of odor nuisances, water pollution, health problems, property values and 
community disruption, CAFO owners minimized these concerns by saying that it was either 
neighbors’ jealousy or their impractical views of rural land use was the basis for their com-
plaints.  Some neighbors had been interested in becoming contract producers, but they had been 
turned off by Sanderson Farms’ hard sell and did not think the contract Sanderson held out was a 
good business decision.  Others realized that once the contract had been signed and chicken 
houses had been built, growers were locked into long term commitments.  Thus, the community 
was at an impasse over the chicken CAFOs which polarized community relations. 
 As in the previous example, McMillan and Schulman (2003) also found that CAFOs 
reduced the quality of life and increased community conflict.  Neighbors complained about odor 
nuisances, voiced concerns about the environmental consequences, worried about health related 
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concerns, thought they had been betrayed by hog producers, and felt the government had been 
unresponsive.  Producers contended that swine CAFOs provided economic benefits to a 
depressed community, blamed the media for sensationalizing the concerns about CAFOs, and 
dismissed neighbors’ concerns about quality of life, environmental and health issues as being  
irrational or overstated.  Activists were concerned about the impact of the hog industry on health, 
the environment, local economic opportunities, community neighborliness and cohesion. They 
were especially concerned about its effects on the environment and human health through 
contamination of drinking water.   
 
3. Regional Economic Impact Models:  Results of analysis from several recent economic 
impact models  (Gomez and Zhang, 2000; Deller, 2003; Foltz, et al., 2002) indicate that 
industrial agriculture poses detrimental effects to community well being.   

The results of one study in Illinois (Gomez and Zhang, 2000)  found that large hog farms 
actually hinder economic growth in rural communities.  In a study of 2240 non-metropolitan US 
counties, Deller (2003) found that large scale agriculture, measured in sales and value added, and 
counties’ dependence on agriculture, tends to result in lower levels of economic growth.  He 
suggests that as agriculture expands either in terms of farm size or overall share of the economy, 
it would place downward pressure on regional growth rates.  A study of dairy farms in Wiscon-
sin by Foltz, et al. (2002), showed that scale (measured in herd size) had a negative effect on 
share of input purchases made locally.  While one model suggests that community attachment 
increases local expenditures, another model indicates that that effect is described by distance. 
Demographic variables did not explain where dairy farmers make their purchases either.  Both of 
the economic models show a significant negative effect for larger farm sizes (herd size) on the 
share of purchases made locally. 
 
4. Survey Research: Several recent Survey Design Studies demonstrate the effects of 
industrialized farming on community quality of life. The most recent survey research on the 
effects of industrialized farming are by Reisner et al., (2004), Smithers et al. (2004), Foltz and 
Zueli, (2005), and Jackson-Smith and Gillespie (2005).   Reisner et al. (2004) focuses on the 
strain on relations between neighbors and CAFO owners.  The remaining three studies focus on 
how industrial agriculture affects relationships with neighbors or farm purchasing decisions. 

The research by Reisner et al., (2004) documented the extent to which CAFOs increase 
the social tensions between neighbors and owners of swine farms in the community as well as 
the completely different definitions of the  problem by neighbors and swine CAFO owners.  
While both residents and CAFO owners agreed on the presence, level and length of the 
controversy, residents were much less satisfied and perceived much less support for CAFOs than 
did the owners.  Additionally, while the owners blamed many groups for the controversy over 
building or expansion of swine CAFOs, the neighbors identified themselves as the source of the 
controversy.  Neighbors felt that large scale farming was a fait accompli, but they were much 
less satisfied with the presence of CAFOs than the owners thought they were.  The greatest 
differences between neighbors and owners was about the degree of effect of the large-scale 
swine farms.  Neighbors reported more days with detectable odors than did owners and were 
more likely to believe that there were problems with water pollution and more likely to report 
that CAFOs were causing their homes to decline in value. 
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Three survey design studies also discussed the extent to which industrial agriculture has 
affected social relationships between large scale farmers and their neighbors, or between large 
scale farmers and their communities.  Smithers et al., (2204) in their survey of Ontario farmers, 
found that those classified as being in the expansionist mode were constrained in their ability to 
participate in social activities and organizations, were more likely to not purchase their inputs 
locally but instead sought the cheapest source, and viewed the community instrumentally in 
regards as to the goods and services it could provide the farm.  

Foltz and Zeuli (2005) did not find that large scale farms (in terms of herd size) pur-
chased less locally than did small farms.  They did find that the presence or absence of local 
marketing or supply outlets and attachment to community influence the decision to purchase 
locally.  Generally, they found that purchasing patterns are commodity specific and not 
determined by farm size or other farm-level characteristics.  Attachment to a community affects 
purchasing decisions only where there is a choice available to farmers.   

Jackson-Smith and Gillespie (2005) were also interested in the relationships between 
large scale dairy farmers (in terms of herd size) and their neighbors.  In the multivariate analysis, 
demographic variables were associated with knowing neighbors well.  When demographic 
variables (age, children at home, length of time operating the farm) were controlled, there was 
little evidence that size of farm or use of hired workers was related to relationships with 
neighbors.  Farm size, however, was the strongest predictor that neighbors had complained about 
a dairy operation. These results, they suggest, indicate that regardless of a dairy farm’s house-
hold social ties, building a large operation will generate conflicts with neighbors.  In regard to 
community participation, they found that both demographic and farm structural variables 
determine participation. More specifically, age, education, children at home, use of hired 
workers, and plans to remain in dairy farming are positively related to involvement in commu-
nity organizations.  
 Finally, one study used neighborhood level analysis to test the relationship between 
exposure to concentrated animal feeding operations and perception of CAFO impacts on rural 
communities, the economy, and the environment.  Kleiner (2003) argues that the neighborhood 
and not the county is the unit of analysis that is more appropriate for understanding the impacts 
of industrialization of agriculture.   Using GPS technology, she identified households for their 
actual distance from a swine CAFO in two counties characterized by large-scale, corporate-
owned and operated swine CAFOs.  She compared responses to rural residents in a control group 
county without such CAFOs.   Her analysis found that proximity to large-scale livestock 
facilities is associated with people’s perceptions of CAFOs impacts, especially environmental 
impacts. The lower mean scores on overall community impacts and environmental impacts for 
residents in the neighborhood closest to a CAFO of a county characterized by high concentration 
of CAFOs were expected when compared to mean scores derived from the combined data from 
the three counties. Furthernore, attitudes about current regulations for CAFOs were found to be 
more negative for the residents in the neighborhood in the county characterized by a high 
concentration of CAFOs compared to the combined scores for the three counties.  When the 
types of impacts were analyzed separately, she found that economic impacts are more obvious to 
residents than perceived social and environmental impacts.  This explains, she contends, why 
residents of corporate CAFO counties are more likely to perceive CAFO impacts more positively 
than residents of the non-corporate CAFO county which have less direct experience with them.  
The findings suggest that negative CAFO impacts perceived by residents in close proximity tend 
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to impact behavioral patterns in and around the home, especially in the county where CAFOs are 
most concentrated.  
 
E.  Industrialized Farming and Regional Imbalances in Opportunities to Engage in   

Farming and Well-Being 
 
 Thus far this report has focused on impacts occurring in communities.  Another way that 
industrialized farming may adversely affect public well-being is through creating differences 
within a region.  Until recently, the historical predominance of moderate-size family farms in the 
Heartland helped create a stable region economy with middle class farming communities (Flora 
and Flora 1988; van Es et al. 1988).  This is now changing.  For the Heartland states, economists 
at the Federal Reserve Board of Kansas City indicate that differences in communities within any 
given state will widen over time with regard to communities’ ability to participate in commodity 
agriculture.  It is useful to quote at length from their analysis (Drabenstott and Smith 1996:4). 
 

Agriculture is a common ingredient to the rural economy throughout the Heartland. The 12 Heartland-states 
are home to more than two-thirds of the nation’s farm-dependent counties.  Historically, agriculture has 
been a primary engine of growth for rural communities.  A large number of mid-sized farms have created 
significant economic multiplier effect for agriculture, enhanced by any local agricultural processing in rural 
areas. 
 
Today, that picture is changing. Heartland agriculture has moved quite rapidly to fewer, bigger farms.  The 
largest farms in the United States, those with annual sales greater than $500,000 a year are just 2.5% of all 
farms; yet they account for 40 percent of farm output.  A similar pattern is found in Heartland states. 
 
As agricultural production has moved to bigger farms, agriculture’s links with local rural communities have 
weakened.  Large farms tend to procure their inputs, including financial capital, from more distant places 
that can offer more products and lower prices.  In addition, large farms often have direct marketing rela-
tionships with processors, by-passing local buyers. 
 
More recently, a pickup in the industrialization of agriculture has further weakened linkages to local rural 
communities. Industrialization refers to the movement toward more direct production and marketing rela-
tionships between producers and processors, a trend now symbolized by the broiler industry. Under indus-
trialization, processors attempt to secure a stable supply of consistent product while exploiting the econo-
mies of scale in new production and processing methods.  The result is a further concentration of produc-
tion, as production shifts to bigger firms and clusters around processing plants much more than in the past. 
 
Industrialized agriculture produces two effects on rural communities.  As production increases in some 
“cluster” communities, it will leave others, lessening agriculture’s impacts.  Communities that are home to 
industrialized production and processing may see jobs and income increase.  But even there, the economic 
links will be different than under community production.  More production inputs are purchased from 
nonlocal sources, and more of the profits go to nonlocal owners of the firm.  
 
Agriculture remains important to the Heartland.  But its economic impact is much different than in the past.  
Commodity agriculture remains, but it is in bigger hands. And the advent of industrialized agriculture cre-
ates a new pattern of agricultural haves and have-nots.  And even in those communities that have industrial-
ized agriculture, the economic links are different than in the past.  

 
 Barkema and Drabenstott (1996:72) note that while some communities in the region will 
lose farms and farmers due to production concentration in other communities, those gaining new 
agribusiness, at least in the meat industry, are not likely to realize great economic gains.   
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While the region’s meat prospects are good, the corresponding economic impact may be low.  Wages in the 
meat industry are relatively low.  Moreover, the value added in meat processing is low.  The average value 
added for all food products is 39 percent, for meat products it is just 21 percent.  Thus, the region’s solid 
prospects for expanding meat processing are unlikely to provide a wide-spread economic tide for Heartland 

 
 Barkema and Drabenstott’s (1996:72) conclusion is supported by the NCRCRD (1999) 
study above that found no appreciable gains in per capita income and employment growth where 
CAFO recruitment occurred relative to comparison counties in Oklahoma where it did not occur. 
In the industrial sociology and economic geography literatures, food processing is considered 
part of the peripheral manufacturing sector (Lobao et al. 1999).  Production here is routinized,   
wages are relatively low-wage compared to durable manufacturing and certain services, and 
firms tend to be more footloose in seeking out low-costs labor.  In sum, reliance on meat 
processing is not likely to enhance community development over the long-term. 
 Relatedly, communities that look to industrialized farming to solve economic develop-
ment problems will not only confront the problems noted above in terms of social fabric and 
environment but also are pursuing a strategy that may be costly in terms of long-term develop-
ment.  While it is often noted that smaller farms (as all smaller businesses) fail more often than 
larger farms,14 analysts rarely consider the opposite side of the coin: when large vertically-
integrated farm corporations fail they are likely to do a great deal of community damage, 
particularly if scarce public resources have been used to attract them.  NCRCRD (1999) details 
the extensive public sector incentives such as tax increment financing, tax exemptions, interest-
free loans, and grants given to recruit CAFOs.  Public resources and community well-being are 
at risk should such farms underperform in their agreements with local governments or fail 
overall. 
 As vertically integrated production in agriculture is new to many communities, its failure 
rate is yet to be adequately assessed, particularly over the long-term.  Public concern with large 
confinement operations is demanding that these farms adhere to ever higher standards of social 
and environmental responsibility.  Whether the operators of these farms have the skills and 
expertise to succeed in a climate demanding increased consumer and public accountability and at 
the same time remain competitive is unclear.  In Ohio, for instance, the German owner of 
Buckeye Egg Farm (one of the country’s largest egg producers with nearly 15 million hens in 
three Ohio counties) was banned from professional contact with animals in his native Germany.  
His operations in Ohio have faced a continual series of  “serious environmental, regulatory, 
financial and public- relations problems” in the 1990s (Columbus Dispatch, November 7, 1999: 
2g).  The Ohio EPA recently filed a lawsuit accusing the company of violations of Ohio’s solid-
waste, water-pollution-control, safe-drinking-water, air-pollution and nuisance laws (Columbus 
Dispatch, December 22, 1999:1h-2h). 
 The diversion of state and local resources toward regulating the operation of large farms 
confining many animals to a single location must be considered in assessing the impacts of 
industrialized farming.  The problem is compounded in rural areas, because rural local govern-
ments are already disadvantaged in staff and fiscal resources needed to adequately serve their  

 
 14 Sociologists again would point out that moderate-size farms are not inherently less efficient producers 
but that they are disadvantaged in competing with large farms that have transaction costs advantages in terms of 
buying and selling. 
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populations.  They do not have the resources to engage in endless rounds of litigation to protect 
the well-being of their residents.  
 
IV.  SUMMARY AND CONCLUSIONS 
 
 Based on the evidence generated by social science research, we conclude that public 
concern about the detrimental community impacts of industrialized farming is warranted.  In 
brief, this conclusion rests on five decades of government and academic concern with this topic, 
a concern that has not abetted but that has grown more intense in recent years, as the social and 
environmental problems associated with large animal confinement operations have become 
widely recognized.  It rests on the consistency of five decades of social science research which 
has found detrimental effects of industrialized farming on many indicators of community quality 
of life, particularly those involving the social fabric of communities.  And it rests on the new 
round of risks posed by industrialized farming to Heartland agriculture, communities, the 
environment, and regional development as a whole.   
 In this report, a review by Lobao (2000) was updated to 2006 so that the findings of past 
and recent research on industrialized farming could be systematically documented.  The 
conclusions from fifty six studies (32 detrimental effects and 14 some detrimental effects) 
examining the consequences of industrialized farming for communities were evaluated.  
Approximately 82 percent of these studies found adverse impacts on indicators of community 
well-being.  The types of indicators and the number of studies reporting these are discussed in 
Table 1 and in the text.  Analysts have tended to find the following impacts.   

For socioeconomic well-being, researchers noted that industrialized farming was related 
to higher income inequality and to lower community employment, relative to moderate-size 
family farming.  Higher income inequality indicates that industrialized farming is less likely to 
sustain middle-class communities.  Places with higher income inequality also are prone to other 
social problems because the gap between affluent and poor is greater.  With regard to other 
socioeconomic impacts, such as total income injected into the community, regional economic 
impact models were likely to report beneficial impacts.  However, the findings for income 
inequality suggests that income growth is impeded in trickling down to families.   

Studies assessing consequences for the social fabric of communities were likely to find 
detrimental impacts.  Industrialized farming affects the social fabric of communities through 
altering population size and social composition which affect crime, social conflict, family 
stability, the local class structure, community participation, and local shopping patterns.  Case-
studies reported the loss of local autonomy, in which communities become increasingly subject 
to the influence of external business owners who interests may not be compatible with their own. 
More recent studies reported environment impacts.  Because large animal confinement opera-
tions house densely concentrated livestock, they are prone to a host of negative environmental 
impacts on water, air, and human health.  
 Given the relative consistency of past research, the studies such as Crowley’s (1999), 
Crowley and Roscigno’s (2004), and Welsh and Lyson’s (2001) which specifically analyzed 
North Central states, including North Dakota, and research focused on neighboring states in the 
region, there is every reason to expect that the conclusions drawn here apply to North Dakota. 
From the social science literature, we can anticipate four sets of impacts of industrialized 
farming for farming-dependent communities in Heartland states such as North Dakota: impacts 
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on socioeconomic well-being, social fabric, the environment, and regional imbalances.   
Communities that receive industrialized farming are likely to increase population relative 

to other communities (that is, if local family farmers are not displaced). These communities may 
increase employment and per capita income but as shown by the NCRCRD (1999) study, this 
may not be at a rate significantly different from comparison locales.   

Communities with industrialized farms are likely to experience greater income inequality; 
government services for the poor and other disadvantaged groups are likely to be needed in these 
locales.   

Communities that gain new industrialized farming will encounter stresses in the social 
fabric; community decision-making is likely to be more subject to corporate farm interests; and 
in the case of large livestock confinement operations, communities will be at risk for environ-
mental and health problems, entailing the need for state and local government intervention.   

Communities that lose moderate-size family farms, in part because of transaction cost 
advantages (e.g., volume buying-selling) and public incentives given to industrialized farms, will 
lose a base of middle class producers and experience rifts in social fabric, including population 
decline.  These communities are likely to have declines in other businesses and in the local 
property tax base and may require government aid for social and public services.   

Regional clustering of agricultural production is likely to occur (Drabenstott and Smith 
1996:4).  While some communities will gain industrialized farming (and it attendant costs and 
benefits) others will continue to lose their family farm base as production clusters closer to large 
processors.  Within states, there is thus likely to be greater inequality between communities over 
time. 
 Not discussed in this report are alternative economic development strategies that farming 
dependent communities can pursue.  Notwithstanding arguments that vertical integration into 
farming and production contracts are the only options left to keep American farmers farming, 
there are alternatives and some working examples are discussed in NCRCRD (1999). 
 From a sociological standpoint, government plays a role in the types of consequences that 
industrialized farming will have for community well-being.  It establishes the legal-institutional 
framework for regulating these farms.  It establishes the incentive structure offered to agribusi-
ness firms in their location decisions.  It provides the public services needed to mop up the 
destabilizing impacts of industrialized farming, such as a rising crime rate, increased social 
conflict, and the need for social services to cope with a changing population.  And government 
will need to provide the social services related to population decline and poverty alleviation in 
communities which lose family farming.15

 Prior to Welsh and Lyson’s (2001) research, the role that laws regulating corporate farms 
have in countering detrimental community impacts of industrialized farming had only been 
alluded to by some researchers. Lobao and Schulman (1991:596) postulated that one of the 
reasons why a few studies have found that industrialized farming has had less adverse effects in 
the North Central Heartland region (relative to the South and West) is due to its agrarian history 

 
 15  In non-farm dependent communities, government intervenes in a number of ways when paid employ-
ment, such as in manufacturing and mining declines: through programs such as unemployment insurance, various 
income transfers, such as welfare payments, for which independent farm operators are generally not eligible due to 
property ownership; through re-training programs, such as for workers who lose jobs because of NAFTA; and 
through enforcement of community rights in plant closure laws.  Because of their farming base, farm-dependent 
communities usually cannot make as full use of these social safety nets as can other communities.   
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of protection of family farming and regulation of corporate farming.  NCRCRD (1999:1) also 
indicated that “relatively lax anti-corporate farming laws, weak environmental regulations and 
permissive groundwater access laws” not surprisingly encouraged large, animal confinement 
operation to locate in Kansas.   When Welsh and Lyson (2001) examined states with anti-
corporate farming laws (Iowa, Kansas, Minnesota, Missouri, North Dakota, South Dakota, 
Oklahoma, and Wisconsin), they found that agriculture dependent counties in states with such 
laws fare better on economic measures, i.e. less families in poverty, lower unemployment, and 
higher percentages of farms realizing cash gains.  In the comparison of states with less restrictive 
vs. states with more restrictive laws, they generally found the same results as with the compari-
son of states with anti-corporate farming laws and states without such laws. 

Remote rural counties appear to be targeted as recent operating sites by large animal con-
finement operations.  Research by Wilson et al. (2002) demonstrated that census blocks in 
Mississippi with high percentages of African Americans or people in poverty were much more 
likely to be the locations of swine CAFOs.  Of all local governments, remote rural counties have 
the least resources (staff, economic development, and social service budget) to cope with 
industrialized farming.  These governments are in weak positions to bargain successfully with 
external corporations, to regulate their operations once they are in place, and to protect commu-
nity social life and environment overall.  Remote rural counties are the places where state 
protection from industrialized farming is most critical due, in part, to the fragility of local 
government.   
 From a social science standpoint, the farming system in place today has been created 
from both market forces and government policy and programs.  It is thus logical that government 
can also be an instrument in transforming this system toward greater public accountability. 
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Table 1.  Summary of Studies Examining Industrialized Farming and Community Well-Being* 
 

 
 
Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Goldschmidt 
(1968, 1978a) 
(1944, original) 

Comparative Case 
Study, two communities 

California scale/ 
organization 

 Socioeconomic/Social Fabric 
(class structure, services, 
population, politics, retail trade) 

Detrimental 

Tetreau 
(1938, 1940) (one 
study, two articles) 

Survey Design Study,  
2700 households 

Arizona scale/ 
organization 

General Socioeconomic 
Indicators/Social Fabric (class 
structure) 

Detrimental 

Heffernan 
(1972) 

Survey Design Study, 
138 broiler producers 

Louisiana organization Social Fabric (social 
psychological indicators, 
community involvement) 

Detrimental 

Heady and 
Sonka (1974) 

Regional Economic 
Impact Model of 150 
producing areas 

continental U.S. scale Socioeconomic: Economic 
performance (income, 
employment generation) 

Some Detrimental: large 
farms  lower food costs 
but generate less total 
community income 

Rodefeld 
(1974) 

Survey Design Study, 
180 producers from 100 
farms 

Wisconsin scale/ 
organization 

Socioeconomic/Social Fabric 
(class structures, services, 
population size) 

Detrimental 

Martinson 
et al. (1976) 

Survey Design Study,  
180 producers 

Wisconsin organization Social Fabric (social 
psychological indicators) 

Detrimental 

Fujimoto 
(1977) 

Macro-social 
Accounting,  
130 towns 

California scale Social Fabric (community 
services) 

Detrimental 
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Study 

 
 
Methodology 

 
 
Region 

Measures of 
Industrialized 

Farming 

 
Community Well-Being 

Indicators 

 
 
Results 

Flora et al. 
(1977) 

Macro-social 
Accounting, 
105 counties 

Kansas scale/ 
organization 

 
Socioeconomic/Social Fabric 
(class structure, services) 

Some Detrimental: 
industrialized farming is 
related to greater  income 
inequality but other relation-
ships not clearly supported 

Small Farm Viability 
Project (1977) 

Comparative Case 
Study, reanalysis of 
Arvin and Dinuba 

California scale/ 
organization 

 
 Socioeconomic/Social Fabric 
(class structure, services) 

Detrimental 

Goldschmidt 
(1978b) 

Macro-social 
Accounting, states 

entire U.S. 
except Alaska 

scale Social Fabric (agrarian class 
structure) 

Detrimental 

Heffernan  
and Lasley 
(1978) 

Survey Design Study, 
36 grape 
producers 

Missouri organization Social Fabric (community 
social and economic 
involvement) 

Some Detrimental: operators 
of nonfamily farms less 
involved in community  
activities but little support for 
other relationships 

Wheelock 
(1979) 

Macro-social 
Accounting,  
61 counties 

Alabama scale 
 
 Socioeconomic/Social Fabric 
(class structure, population size) 

Some Detrimental: rapid 
increases in farm scale related 
to decline of population, 
income, and white collar 
labor force; other relation-
ships mixed. 

Marousek 
(1979) 

Regional Economic 
Impact, one community 

Idaho scale 
 
Socioeconomic: Economic 
performance (income, 
employment generation) 

Some Detrimental:  large 
farms result in greater 
regional income but produce 
less employment than small 
farms  
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Buttel and 
Larson (1979) 

Macro-social 
Accounting,   
state-level data 

entire U.S. scale/ 
organization 

Environment (energy usage) Detrimental 

Heaton and  
Brown (1982) 

Macro-social 
Accounting,   
county-level data 

continental U.S. scale/ 
organization 

Environment (energy usage) No Detrimental 

Swanson 
(1980) 

Macro-social 
Accounting,  
27 counties 

Nebraska scale Socioeconomic/Social Fabric 
(population size) 

Detrimental 

Poole 
(1981) 

Survey Design Study, 
78 farmers  

Maryland scale Social Fabric (involvement in 
community organizations) 

Detrimental 

Harris and 
Gilbert (1982) 

Macro-social 
Accounting,  
state-level data 

continental U.S. scale/ 
organization 

 
Socioeconomic/Social Fabric 
(class structure) 

Some Detrimental: large 
farms result in more lower 
class farm personnel but have 
positive total effects on rural 
income 

Swanson 
(1982) 

Macro-social 
Accounting,  
520 communities 

Pennsylvania scale/number of 
farms 

Social Fabric (population) No Detrimental 

Green 
(1985) 

Macro-social 
Accounting, 
109 counties 

Missouri scale/ 
organization 

Socioeconomic/Social Fabric 
(services, population size) 

No Detrimental 
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Skees and Swanson 
(1988) 

Macro-social 
Accounting, 
706 counties 

Southern U.S., 
excluding 
Florida, Texas 

scale/ 
organization 

Socioeconomic/Social Fabric 
(services) 

Some Detrimental: moderate-
size farms produce greater 
employment; large and very 
small farms related to higher 
unemployment; some 
detrimental impacts of large 
farms over time  

MacCannell 
(1988) 

Macro-social 
Accounting, 
98 counties 

Arizona, 
California, 
Florida, Texas 

scale/ 
organization/ 
capital intensity 

Socioeconomic/Social Fabric 
(population size, retail trade, 
local government taxation and 
expenditures) 

Detrimental 

Flora and Flora 
(1988) 

Macro-social 
Accounting, 
234 counties 

Great Plains and 
West 

scale 
 
Socioeconomic/Social Fabric 
(retail trade, population size) 

Some Detrimental: medium-
sized farms relative to large 
farms enhance community 
well-being 

Buttel et al. 
(1988) 

Macro-social 
Accounting,  
105 counties 

Northeast organization  Socioeconomic/Social Fabric 
(population, retail trade) 

No Detrimental 

van Es et al (1988) Macro-social 
Accounting, 
331 counties 

Corn Belt scale/ 
organization 

 Socioeconomic/Social Fabric 
(population size) 

No Detrimental 

Gilles and 
Dalecki (1988) 

Macro-social 
Accounting, 
346 counties 

Corn Belt and 
Central Plains 

scale/ 
organization 

Socioeconomic  Some Detrimental: counties 
with greater numbers of hired 
laborers tend to have lower 
socio-economic well-being; 
other relationships for scale 
not supported 
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Lobao (1990) Macro-social 
Accounting,  
3037 counties 

Continental U.S. scale/ 
organization 

Socioeconomic/Social Fabric 
(income, poverty, income 
inequality, teenage fertility, 
infant mortality) 

Some Detrimental: moderate-
size family related to better 
socioeconomic conditions.  
Industrialized farming related 
to greater income inequality 
and births to teenagers, and 
over time to greater poverty 
and lower family income, but 
not to other indicators 

Lobao and Schulman 
(1991) 

Macro-social 
Accounting,  
2,349 rural counties 

U.S. and four 
regions 

scale/ 
organization 

Socioeconomic (poverty) No Detrimental: moderate-
size family farms related to 
lower poverty, most regions, 
industrialized farms have 
little relationship to poverty 
in any region 

Barnes and Blevins 
(1993) 

 

Macro-social 
Accounting,   
2,000 rural counties 

U.S. scale/ 
organization 

Socioeconomic (poverty, 
median income) 

No Detrimental 
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Durrenberger and 
Thu, (1996) 

Macro-social 
Accounting 

Iowa Scale: farm size in 
acres, total county 
hog inventory, 
farms with hogs, 
farms with more 
than 1000 hogs, 
net agriculture 
sales 

Socioeconomic (people living 
in poverty, people receiving 
food stamps) 

Detrimental: The more large 
scale operations, the fewer 
small and moderate farms and 
the more people who use food 
stamps.  Most hogs in Iowa 
are produced in small and 
moderate sized integrated 
operations.  Since total hog 
operations are related to a 
decline in small and moderate 
sized operations.  The more 
farms that produce hogs, the 
fewer people who use food 
stamps. 

Otto, et al. (1998) Regional Economic 
Impact Study: pork 
operations 

Iowa scale Socioeconomic:  economic 
performance 

No Detrimental: larger units 
create more local jobs and 
income 

Thompson and 
Haskins (1998) 

Regional Economic 
Impact, pork operations 

Iowa scale Socioeconomic: economic 
performance 

Some Detrimental: larger 
units create fewer local jobs 
than smaller units 

Seipel, et al. (1998) Hedonic Price Analysis, 
one county 

Missouri concentrated 
animal feeding 
operation 

Sales prices of farmland parcels 
with and without houses 

Detrimental: reduction in 
property prices of $144 per 
hectare within 3.2 km of a 
CAFO 

Schiffman, et al. 
(1998) 

Quasi-experimental 
Design:  88 matched 
individuals 

North Carolina  concentrated 
animal feeding 
operation 

Social Fabric (social-
psychological distress) 

Detrimental:  residents living 
near swine operations are 
more depressed due to 
psychological and physical 
effects of odors, reduced 
enjoyment of property 
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Wing and Wolf,  One 
study, (1999, paper) 
(2000, article)  

Survey Design Study:  
155 residents, three 
communities 

North Carolina concentrated 
animal feeding 
operation 

Social Fabric (quality of life, 
health status) 

Detrimental:  residents of 
CAFO community report 
greater respiratory and 
gastrointestinal problems and 
eye irritations, lower quality 
of life, reduced enjoyment of 
property 

Seipel et al. (1999) Survey Design Study: 
780 residents in four 
counties with pork 
production 

Missouri concentrated 
animal feeding 
operation 

Social Fabric (attitudes toward 
increasing government 
regulation of corporate swine 
production) 

Detrimental:  majority of 
residents support increased 
regulation, strongest 
determinants of this position 
due to perceived detrimental 
economic, social, environ-
mental impacts on 
community  

North Central  
Regional Center for 
Rural Development 
(1999) 

Comparative Case 
Study, 14 farm 
dependent counties, one 
of which recruited 
CAFO 

Oklahoma CAFO county 
compared to 
others 

Socioeconomic:  well-being, 
social fabric, Environment 

Some Detrimental: 
Detrimental on social fabric 
and environment (e.g., greater 
crime), no appreciable gains 
in per capita income and jobs 
relative to non-CAFO 
counties; beneficial effects 
for a few indicators (increase 
in population, school 
enrollment, retail sales and 
property values) 

Irwin et al. (1999) Macro-social 
Accounting:  
3024 counties 

Continental U.S. organization Social Fabric (residential 
stability) 

No Detrimental 
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Crowley (1999) Macro-social 
Accounting: 1053 
counties in NC states 

 

12 north central 
states 

organization Socioeconomic  (poverty rate, 
income inequality) 

Detrimental 

 

 
Gomez & Zhang 
(2000) 
 
 
 

Regional Economic 
Impact Models: (rural 
hog producing towns 
located in 76 rural cos. 
and 26 non-metro urban 
cos. with < than 50K 
hogs sold annually) 

Illinois CAFO/Scale  
 

Social Fabric: Annual change in 
inflation-adjusted “real” retail 
spending 
 
 

Detrimental on lower 
economic growth  

Welsh and Lyson 
(2001) 

Macro-social 
Accounting:  433 agric. 
dep. cos. in states with 
anti-corp. farming laws 
and in states without 
such laws. 

Iowa, Kansas, 
Minnesota, 
Missouri, North 
Dakota, 
Oklahoma, South 
Dakota vs. states 
without anti-
corp. farm laws 

Scale/ Organization Socioeconomic:  percentage of 
families in poverty, unemploy-
ment rate, farms realizing cash 
gains 
 
 

Detrimental on agric. dep. cos. 
in states without anti-corp. 
farming laws or in states with 
weaker anti-corp. farming 
laws. 
 
 
 
 

Lyson et al., (2001) 
 
 
 
 
 
 
 
 
 

Macro-social 
Accounting:  433 Ag. 
Dep. Cos. in the U.S 

Ag. Dep. Cos. in 
the U.S. 

Scale/Organization 
 

Social Fabric: Civically engaged 
middle class, participation & 
involvement in civic affairs, 
community welfare   
 
 

Detrimental are mediated by 
presence of civically engaged 
middle class. Communities in 
agric. dep. areas in which a 
high percentage of persons 
work for them- selves or 
operate independent 
businesses have higher levels 
of social welfare. 
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Wright et al., (2001) 
 
 
 
 
 

Case Study:  Six CAFO 
counties – Pennington, 
Clearwater, Rock, 
Goodhue, Sterns, 
Morrison 

Minnesota  CAFO/Scale   
 

Social Fabric:  social & 
community well-being – quality 
of life, community interaction, 
social capital 
 
 

Some:  Detrimental  effects for 
neighbors, younger and mid-
sized producers. Positive 
effects for those who 
expanded operations; No 
effects for those not neighbors 
or not expanding.  Detrimental 
due to lack of trust in gov’t. 
agencies and differences in 
shared vision of agric. & of 
local communities. 

Foltz, et al., (2002) 
 
 
 
 

Regional Economic 
Impact Models:  100 
dairy farms in three 
dairy dependent 
communities – Athens, 
Chilton, and Richland 

Wisconsin Scale Social Fabric:  Share of local 
input purchases made locally 
 
 

Detrimental:  Significant 
negative effect for larger farm 
sizes (herd size) on share of 
input purchases made locally. 
 
 
 

 
Peters, (2002) 
 
 
 
 

Macro-social 
Accounting:  All agric. 
dep. cos.  

Iowa, Kansas & 
Missouri 

Organization Socio-economic:  Children at 
risk -- % of children enrolled in 
free-reduced price meals, low 
birth rate infants, 
 
 

Detrimental: Areas with lower 
concentrations of farm 
proprietorships results in 
increased children at risk 
scores. Areas with greater 
concentrations of industrial 
agriculture production results 
in increased children at risk 
scores.   

Wilson et al., (2002) 
 
 
 

Macro-social 
Accounting:  Census 
blocks in rural counties 
with CAFOs 

Mississippi CAFOS (Swine) Social Fabric: Whether swine 
CAFOs were located in high 
poverty/high Black census 
blocks  
 

Detrimental:  Swine CAFOs 
2.4-3.6 times more likely to be 
located census block with poor 
African Americans. 
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Deller, (2003) 
 
 
 

Regional Economic 
Impact Models:  2249 
non-metro U.S. cos. 

Non-metro U.S. 
cos. 

Scale Socioeconomic:  Growth rates in 
per capita income 
 
 

Detrimental: Counties 
dominated by larger-scale 
agriculture  experience slower 
growth rates in per capita 
income. As agric expands in 
terms of farm size or  share of 
local economy, downward 
pressure is placed on regional 
growth rates. 

Reisner, et al, (2004) 
 

Survey Design Study:  
22 newspapers covering 
52 cos.  

Illinois CAFOs Swine Social Fabric: Perceptions of 
source of controversy over swine 
CAFOs, of frequency of swine 
CAFO odors, & problems 
caused by CAFOs  
 
 

Detrimental: Residents were 
far less satisfied with presence 
of facilities than farmers 
thought, reported more days 
with odors, were more likely 
to believe that CAFOs 
contributed to water quality 
problems, and report loss of 
value of homes near CAFOs 
 
 
 

Crowley & Roscigno, 
(2004) 
 
 

Macro-social 
Accounting:  All 
counties in North Central 
States -- IA, IL, IN, KS, 
MI, MN,MO, NE, OH, 
ND, SD 

North Central 
States 

Scale/Organization 
 

Socioeconomic: Percent of 
population living below poverty 
& inequality of income 
distribution among families  

Detrimental:  Dimensions of 
farm sector concentration 
shapes both poverty and 
inequality of income. 
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Smithers, et al., (2004) 
 
 
 

Macro-social 
Accounting 

North Huron 
County, Ontario 

Scale Social Fabric:  Community 
involvement, purchasing 
behavior, perception of 
community support by 
expanding, stable, and 
contracting farms  
 

Detrimental:  Farmers in the 
expansionist trajectory were 
constrained in their ability to 
participate in social activities 
& organizations, sought inputs 
at lowest cost, were less 
committed to sourcing locally, 
and saw the community in 
terms of what it could do for 
them rather what they could 
do for it. 

Kleiner (2003) 
 
 

Survey Design Studies:  
Three counties in MO, 
two  characterized by 
swine CAFOs & one by 
independent hog 
production 

Missouri CAFOs Social fabric: Effects of CAFOs 
on rural communities including 
economic, social and 
Environmental 

Detrimental:  Proximity to 
large-scale livestock facilities 
is associated with perceptions 
of CAFO impacts, especially 
environmental impacts.   
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Constance and 
Tuinstra (2005) 
 
 
 

Case Study Design;  
Three rural clusters of 
communities -- 
Normangee and Flynn 
Leon Co. and Midway in 
Madison Co. 

East Texas CAFOs (chicken 
broilers) 

Social Fabric: Odor, water 
quality, health, property values, 
source of conflict, social effects  
 

Detrimental:  Quality of life 
deteriorated as  it became 
more stressful and less 
neighborly.  Neighbors 
focused on issues of odor 
nuisances, water pollution, 
health problems, property 
values, & community 
disruption.  Growers 
minimized complaints by 
saying that neighbors’ 
jealousy was the root cause of 
discomfort or suggested they 
were city folks with 
impractical views of rural 
areas. 
 

Whittington & Warner 
(2006) 

Case Study Design: Two 
communities with large-
scale dairies (under 700 
cows)  Jackson Twp. in 
Wyandot Co. and 
Liberty Twp. in Wood 
Co. 

Ohio Scale Social Fabric:  Knowledge of 
and attitudes towards managers 
of risk of large scale dairies  

Detrimental:  Community 
members unable to identify 
managers of risk, felt hopeless 
to act, personal experience in 
agric. leads to understanding 
of issues, large-scale animal 
agric. is a cultural shift, two-
way communication is 
essential, safety precautions 
by CAFO leads to greater 
community acceptance. 
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Jackson-Smith & 
Gillespie (2005) 
 
 
 

Survey Design Studies:  
Nine dairy farm 
dependent rural 
communities in seven 
states 

Dairy dependent 
areas in NY, WS, 
MN, TX, UT, 
ID, & NM 

Scale  Social Fabric: Relationships 
between farmers & neighbors; 
how well they know their 
neighbors; if they had ever had 
complaints about odor, flies, or 
noise; level of involvement in 
local community organizations 
& activities;  

Some:  Demographic variables 
are related to knowing 
neighbors well.  When these 
are variables are controlled, 
there is little evidence that size 
of farm or use of hired 
workers was related to 
relationships with neighbors.  
Farm size is strongest 
predictor of likelihood that 
neighbors have complained 
about a dairy operation. 

 
Foltz and Zueli, 
(2005) 
 
 
 

Survey Design Studies:  
141 dairy farmers in 
three dairy dependent 
WS towns – Athens, 
Chilton, and Richland  

Wisconsin dairy 
dependent towns 

Scale:  Farm size 
measured by size 
of dairy herd 

Social Fabric:  Annual quantity 
of expenditures per unit for 
various farm inputs and supplies  
 

No Detrimental:  Very little 
evidence that small farms are 
more likely to buy locally than 
large farms.  Purchasing 
patterns are commodity 
specific and not determined by 
farm size or farm-level 
characteristics. Presence of 
local marketing outlets affects 
decisions to purchase locally.  
Community attachment affects 
purchasing decisions when 
there is a choice available 
locally.  

 
McMillan and 
Schulman (2003) 
 
 
 
 
 
 

Case Study:  Two CAFO 
counties, four focus 
groups (Citizens, 
Leaders, Producers, 
Activists) and anti-hog 
informants interviews 

No. Carolina CAFOs Social Fabric: neighbor 
relations, environmental 
concerns, health concerns, 
enjoyment of property, quality of 
democratic participation, 
community cohesiveness 

Detrimental: Increased 
community conflict and  
tensions between neighbors, 
reduced quality of life due to 
CAFO odors, increased 
worries about health concerns 
related to CAFO odors, and  
worries about environmental 
consequences 
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WHAT IS SALINITY AND SODICITY?
Soil salinity and sodicity are related

problems that are commom in North
Dakota. Both eastern and western
North Dakota have their share of
saline and sodic soils. For example, 24
and 17 percent of the soils in Grand
Forks County and Slope County,
respectively, are affected by salinity
or sodicity (Soil Survey Staff, 1987).
Further, soil survey data from 34 of
the 52 coun-ties in North Dakota
show approximately 1,900,000 acres
affected by sodium and 700,000 acres
affected by salinity. These problem
soils compose about 9 percent of the
34-county area.

Salinity and sodicity are often seen
as bare ground with whitish crust
that has a scabby appearance. Scab-
land, salt-land, alkali, alkaline, and
sour-ground are a few of the local
terms that describe these areas.
Some of these terms are misleading,
because they imply problems that are
not necessarily related to salinity or
sodicity. For instance, alkaline and
sour-ground actually refer to soil
acidity. Alkaline soils are basic
(pH > 7) and sour-ground is acid
(pH < 7). Many soils in North Dako-
ta are basic in pH but are not affec-
ted by salinity or sodicity. On the
other hand few soils in North Dako-
ta have high enough acidity to reduce
crop yields. Acid soils are occasionally
found in in in the extreme south-
central and southwestern parts of
North Dakota. They have formed
in acid sediments of the Fox Hills
formation and are generally used as
rangeland.

We are concerned with salinity
and sodicity levels high enough to
affect production. Clear definitions
of these two problems are necessary
for proper identification and
management.

SOLUBLE SALTS AND
SALINE SOILS

Soils with high amounts of soluble
salts are called saline soils. They often
exhibit a whitish surface crust when
dry. The solubility of calcium sulfate
or gypsum (CaSO4) is used as the
standard for comparing solubilities of
salts (Table 1). Salts more soluble
than gypsum are considered to be
soluble and cause salinity. Examples
are sodium sulfate or Glauber’s salt
(Na2SO4) and sodium chloride, or
table-salt (NaCl). Salts less soluble
than gypsum are considered insoluble
and do not cause salinity. Calcium
carbonate (CaCO3) or lime is an
example of an insoluble salt com-
monly found in North Dakota soils.

Salts found in North Dakota soils
are of three types: sulfates (SO4);
carbonates (CO3); and chlorides (Cl).
Most saline soils in North Dakota are
composed of sulfate salts (Keller et
al., 1984). However, the northern
Red River Valley has extensive areas
of saline soils that have high amounts

of chloride salts. Soils with high
amounts of carbonates of sodium
occur rarely, and are usually associ-
ated with coarse textured materials.

SODIUM AND SODIC
SOILS

Soils high in sodium (sodic soils)
may present physical restrictions
to plant growth. Sodium (Na+) is a
positively charged component, or
cation, of many salts. Sodium prob-
lems are due to its behavior when
attached to clay particles. If 15 per-
cent or more of the clay adsorption
sites are occupied by sodium
(sodium-clay), poor physical condition
of the soil often restricts root growth
and makes tillage difficult.

The forces that hold clay particles
together are greatly weakened when
sodium-clay and water come into
contact. In this condition clay par-
ticles are easily detached from larger
aggregates, or dispersed (Figure 1).
When dried, however, sodium-clay
particles settle out in dense layers

Table 1. Composition and solubility of some common evaporite
minerals (salts).

Mineral Composition Solubility Chemical Name

(moles/liter)

Calcite (lime) CaCO3 0.00014 Calcium Carbonate
Gypsum CaSO4 • 2H2O 0.0154 Calcium Sulfate
---- CaCl2 • 6H2O 7.38 Calcium Chloride
Magnesite MgCO3 0.001 Magnesium Carbonate
Hexahydrite MgSO4 • 6H2O 4.15 Magnesium Sulfate
Epsomite MgSO4 • 7H2O 3.07 Magnesium Sulfate
Bischofite MgCl2 • 6H2O 5.84 Magnesium Chloride
(Washing soda) Na2CO3 • 10H2O 2.77 Sodium Carbonate
(Baking soda) NaHCO3 1.22 Sodium Bicarbonate
Mirabilite Na2SO4 • 10H2O 1.96 Sodium Sulfate
Thenardite NaSO4 3.45 Sodium Sulfate
Halite NaCl 6.15 Sodium Chloride
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Figure 1. When the exchange complex has greater than 15 % sodium (Na) the clay is dispersed (A) resulting in poor soil structure.
When calcium (Ca) replaces enough sodium the clay is flocculated (B); stable soil aggregates are formed that create good soil structure (C).

(After Rengasamy, P., et al., 1984.)

that are impenetrable to plant roots
and seedling emergence.

SODIUM
ADSORPTION RATIO
AND SODICITY

Sodicity can be defined in terms
of the sodium adsorption ratio (SAR).
The SAR is a calculation from
laboratory measurements made on
a water sample or water extracted
from a soil. It is based on the concen-
tration of sodium (Na+), calcium
(Ca2+), and magnesium (Mg2+) in the
sample. There is a relationship
between the amount of each ion in
solution and its relative amount
adsorbed on the clay; however, the
relationship is not direct. Na+, Ca2+,
and Mg2+ are adsorbed to the clay
with unequal strength. Na+ is weakly
held compared to Ca2+ and Mg2+.
The SAR computation (equ. 1)
accomodates the difference in
adsorption strengths.

The U.S. Salinity Laboratory Staff
(1954) determined a SAR of 13 from
a saturated soil extract is comparable
to 15 percent of the adsorption sites
being occupied by Na+. Because of
the difficulty and laboratory expense
of analyzing the amount of actual
Na+, Ca2+, and Mg2+ adsorbed on the

clay, the SAR determination has
become the standard measure for
sodicity.

To demonstrate the SAR calcula-
tion and the importance of the ratio
of ions as opposed to the total
concentration of sodium, let’s look
at the following two examples:

SAR = [Na+] / {([Ca2+] + [Mg2+]) / 2}1/2 [1]
where: [ ] = concentration in milliequivalents/liter (meq./l)

Example 1

[Na+] = 25 meq/l

[Ca2+] = 60 meq/l

[Mg2+] = 30 meq/l

SAR = 25 / {(60 + 30) / 2}1/2 = 25 / (45)1/2 = 25 / 6.7 = 3.7

Example 2

[Na+] = 25 meq/l

[Ca2+] = 4 meq/l

[Mg2+] = 2 meq/l

SAR = 25 / {(4 + 2) / 2}1/2 = 25 / (3)1/2 = 25 / 1.7 = 14.7
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The extracts from these two
samples contain the same amount of
sodium. However, because the
amount of calcium and magnesium is
different, only example 2 is from a
soil that would have a sodicity prob-
lem. This points out the fact that
some soils may have high amounts of
sodium but are not sodic. The high
amounts of calcium and magnesium
counter-balance the sodium.

U.S. SALINITY
LABORATORY
CLASSIFICATION

The U.S. Salinity Laboratory Staff
(1954) established a system for clas-
sifying saline and sodic soils in three
broad categories.

Saline Soils
Saline soils are defined as having an

electrical conductivity (EC) greater
than 4 deciSiemens/meter (dS/m)
and sodium adsorption ratio (SAR)
of less than 13 in their saturation
extract.

Saline-Sodic Soils
Saline-sodic soils have an EC

greater than 4 dS/m and a SAR great-
er than 13 in their saturation extract.

Sodic Soils
Sodic soils have an EC of less than

4 dS/m and a SAR greater than 13 in
their saturation extract.

NATURAL RESOURCES CONSERVATION
SERVICE,  USDA CLASSIFICATION

Saline and sodic soils are recog-
nized and shown on soils maps made
by the USDA Natural Resources
Conservation Service (NRCS).
Soils shown on maps are classified
using a system that depends on both
observable and laboratory properties.
Although the NRCS has incorporated
much of the U. S. Salinity Laboratory

system into its classification scheme
(Table 2), it relies heavily upon soil
characteristics that can be observed
in the field as opposed to laboratory
determinations. Field observations of
soil properties such as structure and
salt crystals are used regularly, but
laboratory data is determined on
relatively few samples.

Table 2. NRCS classification of saline and sodic soils.
(Soils Survey Staff, 1993)

Saline Soils

class Non-saline Very slightly to Strongly
moderately saline saline

criteria ^S.E. EC < S.E. EC = S.E. EC >
2 dS/m 2–16 dS/m 16 dS/m

Natric (Sodic) Soils

class glossic typic or udic leptic aquoll
subgroups subgroups subgroups suborder

subsoil
criteria *SAR > 13 *SAR > 13 *SAR > 13 *SAR > 13

weak strong claypan claypan
claypan claypan high poorly

salinity drained

*Most natric soils meet this chemical requirement; however, some soils are also
considered natric with SAR < 13 under certain conditions.

^Saturated extract (S.E.) electrical conductivity from the topsoil or the average of the
soil profile, whichever is greater.
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EFFECTS OF SALINITY AND SODICITY
OSMOTIC EFFECT

High salinity (high EC) causes
dehydration of plant cells. Reduced
plant growth and often death is the
result. Dissolved salts cause plant cell
dehydration by decreasing the os-
motic potential of soil water. Water
flows from high potential (low salts)
to a low potential (high salt) (Figure
2). When a soil solution has a lower
osmotic potential than plant cells,
plants cannot extract water from the
soil. The effect on a plant is similar
to drought stress.

Crop Yield and Soil EC
Yields of many crops are reduced

noticeably when the soil extract EC
reaches 4 dS/m (U.S. Salinity Labora-
tory Staff, 1954). Yields will decline
proportionately as EC levels (salinity)
increase above 4 dS/m. Some crops,
such as sugar beets, are quite toler-
ant to EC between 4 and 8 dS/m. At
an EC of 16 dS/m the growth and
yields of nearly all crops are severely
affected. The effect of salts on plant
growth is the basis for the NRCS soil
salinity categories (Table 2).

Crop Symptoms of Salinity
Crop symptoms from high salinity

are generally the same as symptoms
of moisture stress from dry condi-
tions. Plants are stunted with cupped
leaves to reduce water loss through
the stomata. Initially some plants take
on a deep blue-green color from
excessive accumulation of wax as
an attempt to reduce water loss.
Eventually leaves become brown and
brit-tle on the tips and margins as
stress continues.

Salinity in the field is usually char-
acterized by broad transitions that
run gradually from high to low salin-
ity. The pattern of crop response can
also be a gradual change from normal
plants to no growth at all. However,
in some cultivated species, the plant
is most sensitive to damage during
germination or early growth stages.

Figure 2. Plants can extract water easily from soils with high total water (A). This is a condition
encountered in moist non-saline soils. Dry conditions and dissolved salts decrease the total soil

water potential, thus retarding or stopping plant uptake of water (B).

This may result in a pattern of sharp
change from normal plants to bare
ground where seeds failed to
germinate. Often plants are able to
flourish during later growth stages at
salinity levels that would not have
allowed germination or growth
during earlier stages.

Plant Indicators
Plants can be used as indicators of

saline and sodic conditions, because
tolerance varies with plant species.
All plants attempt to adjust to
osmotic moisture stress caused by
salinity. The osmotic adjustment re-
quires energy that would otherwise
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be used for growth and production.
As a result, when plants attempt
to adjust, growth and yields are
reduced.

HALOPHYTIC (SALT LOVING) PLANTS
Plants tolerant to salinity are

known as halophytes. Technically,
plants that can survive in soils that
have greater than 0.5 percent (by
weight) soluble salts are considered
to be halophytes. Some halophytes
have developed sophisticated systems
of taking in saline water, extracting
the salts, and then excreting the salts.
Halophytes common to our area
that can be used as indicators of high
salinity include salt grass (Distichlis
spicata), alkali grass (Puccinellia nuttal-
liana), cordgrass (Spartina gracilis),
spearscale (Atriplex subspicata), salt-
wort (Salicornia rubra), and sea blite
(Suaeda depressa). Other less reliable
indicator plants are wild barley (Hor-
deum jubatum) and kochia (Kochia
scoparia). Although they often occur
on saline soils, they are also regularly
found in non-saline environments.

VEGETATION PATTERNS
AND SALINITY

A study of vegetation and saline
seeps in northwestern North Dakota
showed a consistent pattern of salin-
ity and vegetation (Figure 3). Wild
barley was the dominant plant along
seep margins with low salinity. Kochia
was the dominant plant on the
interior of the seep with high salinity.
This is a common pattern seen on
salt affected soils in North Dakota.
Salt grass was the dominant vegeta-
tion on sodic soils with high levels of
surface salinity on pastureland in
central North Dakota (Seelig et al.,
1990).

SPECIFIC ION EFFECT –
PLANT TOXICITIES AND DEFICIENCIES

Saline soils may also have specific
ion effects on plant growth. Higher
than normal concentrations of some
ions can hinder or block nutrient
uptake and certain physiological pro-
cesses. Few instances of specific ion
effects have been reported in North
Dakota saline soils. Of the three
common cations (Ca2+, Mg2+, and
Na+) responsible for saline soils in
North Dakota, no toxic ion effects
have been reported. Toxic ion effects
related to sodium (Na+) have been
observed in some plants in other
parts of the U.S.

Under rare circumstances, boron
has been reported to cause toxic ion
effects. Boron toxicity is a potential
problem when concentrations in the
saturation extract are greater than
1 milligram/liter (mg/l). This level of
boron may occur in some saline soils
in the northern Red River Valley.
However, almost without exception,
the osmotic effect plays the most im-
portant role in limiting plant growth
and yield on saline soils in North
Dakota.

Neither cloride (Cl-) nor sulfate
(SO4

2-) have been shown to cause
plant toxicities in saline soils. Plant
toxicities from excessive bicarbonate
(HCO3

-) have been reported in other
areas; however, few saline soils in
North Dakota have high levels of
soluble HCO3

-. Many soils in North
Dakota do have large accumulations
of calcium carbonate (CaCO3) that
is quite insoluble. Both phosphorus
and micronutrient deficiencies are
pos-sible in high lime soils. It may be
necessary to increase additions of
phosphorus and micronutrients to
overcome these problems.

HIGH pH AND
SODIC SOILS

High pH (7.8 to 8.5) generally
occurs in sodic soils. Extremely high
pH (greater than 8.5) occurs in sodic
soils when soda (NaHCO3) or sodi-
um carbonate (Na2CO3) is present.
Sodium-clay, bicarbonate (HCO3

-),
and carbonate (CO3

2-) react with
water to form hydroxyl (OH-) ions
that cause high pH [equations 2, 3,

Figure 3. The dominance of plant species in saline seeps is shown by weight % versus EC.
(After Worcester and Seelig, 1976.)
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and 4]. Soda and sodium carbonate
are relatively soluble; therefore, high
amounts of soluble carbonate is avail-
able to react with water to produce
OH-. For this reason, sodic soils with
soda and sodium carbonate are likely
to have a pH greater than 8.5.

Na-clay + H2O → H-clay + Na+ + OH- [2]

HCO3
- + H2O → H2CO3 + OH- [3]

CO3
2- + H2O → HCO3

- + OH- [4]

Extremely high pHs (greater than
8.5) are generally not encountered
in sodic soils of North Dakota,
because soda and sodium carbonate
are rarely present. When soluble
carbonate salts are found, the soils
generally have coarse textures.
When the soil pH is greater than
9.5 live plant roots are vulnerable
to deterioration.

Nutrient Availability and
High pH

High pH affects plant growth by
reducing availability of some plant
nutrients. Phosphates are most avail-
able to the plant at a pH between
6 and 7. Micronutrients such as iron,
manganese, zinc, copper, and cobalt
are all much less available at a pH
greater than 7.

RESTRICTIVE SUBSOILS AND CRUSTING
PROBLEMS

Slowly Permeable
Claypans

Soil structure in sodic soils is poor
and permeability is low. Permeability
is the ease of air and water move-
ment through soils. Good permeabil-
ity allows water and gasses (oxygen
and carbon dioxide) to circulate
eas-ily to and from plant roots. This is
needed for good plant growth.

A dense layer of clay occurs at
or near surface of sodic soils. This
natural layer, often called a claypan,
is a barrier to roots. Most roots are
restricted to the topsoil above the
claypan, because movement of water,
nutrients, and gases is too slow in the
claypan. A dry claypan can be hard
enough to physically restrict root
penetration. The overall effect on
plant growth is one of stress similar
to that caused by extremely dry or
saline conditions.

UNDULATING OR SPOTTY PLANT
GROWTH ON SODIC SOILS

Both claypan depth and root
restriction vary considerably within
a few feet. Depth to saline material
is also highly variable. This variation in
soil properties creates extreme
differences in plant available water,
plant rooting depth, and osmotic
potential. Crop response to these
extremes is an undulating or spotty
pattern of growth that is characteris-
tic of sodic soils.

Soil Crusting
Surface crusting is a common

problem with cultivated sodic soils.
Plowing mixes sodium-clay from the
claypan with topsoil or surface
material. Surface material with high
amounts of sodium-clay is highly
erodible, because it has low aggregate
stability and is easily detached by rain
drop impact. When dry, the surface

forms a hard crust that is a barrier to
seedling emergence.

Salinity and
Metal Corrosion

Saline soils are corrosive with
respect to certain materials com-
monly used for construction. When
metal is placed in the soil, it is ex-
posed to electrochemical reactions
that change its physical properties;
iron rusting is a good example. Soils
high in soluble salts enhance electro-
chemical corrosion. Electrochemical
corrosion can be reduced by coating
the metal with organic materials, such
as tar or pitch. Metal pipelines are
often protected by passing an
electrical current through them
(cathodic protection) to replace the
electrons lost to chemical reactions.

Sulfates and
Concrete Corrosion

Soil solutions high in sulfate
(SO4

2-) are corrosive to concrete
structures. The sulfate solution
penetrates concrete and reacts with
calcium in the cement to form CaSO4
that precipitates within the pores.
This reaction destroys the integrity of
concrete in two ways. The cementing
agent is changed to a non-cementing
material (CaSO4) and large crystals
of CaSO4 are formed within voids,
causing physical disruption of the
concrete.

Much of the damage caused by
sulfate solutions can be avoided by
using sulfate-resistant concrete. Type
I (standard Portland cement) has little
resistance to the corrosive action of
sulfatic solutions. Type II has medium
resistance to sulfates, and Type V has
high resistance.
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NATURALLY
OCCURING SALINE
SOILS

Saline and sodic soils generally
occur on landscape positions where
groundwater discharges by evapo-
transpiration from a shallow water
table. In these soils, the water table
will flucuate seasonally, but generally
will be within 6 feet of the surface for
a large part of the growing season.
Because soil texture affects the flow
of water through soil, it also affects
the depth of the water table neces-
sary to cause salinization. Coarse
textured soils allow upward capillary
movement of water to occur only
over a short distance. Therefore a
higher water table is required for
salinization of coarse textured soils,
such as sands or sandy loams,
compared to finer textured soils,
such as loams or clays. However,
because the large pores in coarse
textured soils offer much less
resistance to water flow compared to
the smaller pores in fine textured
soils, salinization can occur much
quicker in coarse textured soils.

As groundwater is discharged
through the soil surface, dissolved
salts precipitate and accumulate.
Accumulations generally occur near
or at the surface of the soil; however,
they may occur anywhere in the soil
where water is extracted by plant
roots.

Discharge as evapotranspiration is
only one part of the water balance at
a given landscape position. Seasonal
rain causes downward percolation
of water that leaches salts from the
upper parts of the soil.

Salinization occurs in those soils
that favor discharge (evapotranspira-
tion loss) over leaching. Not all soils
with a water balance favoring dis-
charge are saline. Salinization also
depends on groundwater quality. If

the groundwater has a only a small
amount of soluble salts, salinization is
very slow or may not occur at all.

Many combinations of ground-
water discharge, water quality, and
landscape position exist in North
Dakota. As a result, a variety of dif-
ferent types of both saline and sodic
soils have developed. Saline and sodic
soils with similar properties can often
be located by geographical area.

NORTHERN RED RIVER VALLEY
Saline soils in the Grand Forks

County area (Figure 4) are the result
of regional discharge of artesian
groundwater from the Dakota Sand-
stone formation (Benz et al., 1961).
The chemistry of these saline soils is
uncommon for the northern Great
Plains because of the accumulation of
chloride salts. Sulfate salts generally
dominate saline soils in North
Dakota.

GLACIATED AREAS NORTH AND EAST
OF THE MISSOURI RIVER

In glaciated areas, saline soils are
associated with the edges of closed
depressions or broad swales where
discharge of groundwater can occur.

Saline soils with most salts at the
surface are associated with very
shallow water tables. Saline soils with
lower water tables may actually have
the highest levels of salinity deeper in
the soil (Seelig et al., 1987). Leached
soils with little salt are often found
in depressions within areas of saline
soils.

WEST AND SOUTH OF THE MISSOURI
RIVER

In nonglaciated areas of North
Dakota the water table generally
ap-proaches the soil surface on low
slopes that gently grade to natural
drainageways (streams or rivers).
Surface water flow and storage is
controlled by the system of intercon-
nected drainageways. This is different
than the hydrology in glaciated areas
that is controlled by a system of
closed depressions (potholes).

Some saline and sodic soils west of
the Missouri River are not neces-
sarily related to groundwater dis-
charge. These soils inherited salts
from sedimentary material (marine
shales, sandstones, etc.) in which
they formed. They may be found on
landscape positions that have very
deep water tables.

LOCATION AND OCCURRENCE OF SALINE AND SODIC SOILS

Figure 4. The geologic cross section of Grand Forks County shows the relationship between the
Dakota sandstone and the overlying glacial deposits. (After Benz et al., 1961.)
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Naturally Occurring Sodic
Soils

Groundwater discharge may lead
to the development of sodic soils as
sodium salts are concentrated in the
soil. During evaporation, sodium salts
separate from calcium salts because
of different solubilities. The soluble
sodium salts concentrate high in the
soil profile. As the soil solution
becomes more concentrated with
sodium, the percentage of sodium on
the exchange complex also increases.
Eventually there is enough exchange-

able sodium to cause dispersion of
clay and organic matter.

In the unglaciated parts of western
North Dakota, sodium affected soils
are quite common and the saline soils
are generally also affected by sodium
(Figure 5). Sodic soils are also found
in the glaciated parts of North
Dakota; however, saline soils unaf-
fected by sodium are far more
prevalent (Figure 5).

SECONDARY
SALINIZATION

Secondary salinization is the term
used to describe soils salinized as a
consequence of human activities. In
North Dakota there are five types of
secondary salinization:

1) saline seeps;

2) salinization along road ditches;

3) salinization along lagoon margins;

4) salinization from irrigation;

5) salinization from wetland drainage.

Figure 5. The distribution of saline and sodic soils in North Dakota.
(Adapted by D. D. Patterson, C. Fanning, and B. D. Seelig from the General Soil Map of North Dakota, Soil Survey Staff, 1961).
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Saline Seep Formation
Most saline seeps have developed

recently (post settlement) in the
northern Great Plains. In the last 20
years, investigators have concluded
that saline seep formation is closely
related to the practice of summer
fallow for moisture conservation.
Researchers have determined that
the soil in the rooting zone under
summer fallow reaches its storage
capacity long before the end of the
fallow period. Deep percolation
of additional moisture beyond the
rooting zone is likely to occur in
this situation.

Rate and amount of downward
percolation is controlled by soil
tex-ture. Average pore diameter in
coarse textured soils is larger than
in fine textured soils. Faster rates of
water flow and less water storage are
directly related to larger pore
diameters. As a result, deep percola-
tion is more likely to occur in coarse
textured soils. In some places rela-
tively coarse textured soils overlay
impermeable material of finer
tex-ture. Under these circumstances,
deep percolation leads to lateral
water flow along the surface of the

impermeable material (Deutsch,
1977; Seelig, 1978). If the contact
between the two different materials
approaches the soil surface along a
hill slope, as often happens, the later-
ally moving water will create a wet
spot that eventually becomes saline as
the water is evaporated (Figure 6).

LOCATION AND TYPES OF
SALINE SEEPS

Saline seeps are most common
south and west of the Missouri River
and on the Missouri Coteau. Areas
most prone to saline seeps have
sloping stratified geologic materials.
They have been classified into six
general groups according to the
underlying materials (Figure 7).
Doering and Sandoval (1976) esti-
mated that 100,000 acres of western
North Dakota cropland are affected
by saline seeps. Although this is a
small percentage of the total acreage
of saline and sodic soils, saline seeps
are a serious problem. They are
responsible for deterioration of land
that was once productive. Efforts to
avoid wet saline spots on tracts of
cultivated land increases costs of
production, especially with today’s
farm machinery.

Road Ditch and
Lagoon Margin Salinity

Saline soils that have developed
around lagoons and drainage ditches
are also controlled by the water
source. Salinity along drainage ditches
is due to lateral movement of water
from the ditches to adjacent fields
(Figure 8). Extremely flat areas,
such as the Red River Valley, are
particularly susceptible to this type
of secondary salinization. The
low grade on most drainage ditches
allows water to stand for long
periods of time.

Salinity and Irrigation
Under irrigated agriculture, secon-

dary salinization may occur if water
is not properly managed. All water
from sources other than precipitation
contains some dissolved salt.
As irrigation water is used by crops,
salts are precipitated in the soil. This
process may eventually lead to saline
conditions that plants cannot tolerate
(Figure 9).

The rate at which salinization
proceeds depends on the amount and
quality of water added. Water with
high amounts of dissolved salts will
cause rapid salinization. Poorly
designed and improperly managed
irrigation systems have been respon-
sible for salinization of thousands of
acres in the U.S. Before an irrigation
system is developed, soil and water
compatibility should always be deter-
mined by a qualified soil scientist.

Wetland Drainage and
Salinity

Drainage of certain types of
wetlands in the northern Great Plains
may also lead to soil salinization in
the wetland interior. Class 3 and 4
wetlands are noted for their non-
saline soils but are often surrounded
by saline soils on the wetland edge.
Hydrologically, many of these
wetlands are called flowthroughFigure 6. A generalized diagram of a saline seep.
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Figure 7. Six classes of saline seeps found in North Dakota. (After Worcester et al., 1975.)

Seep

Seep

Seep

Seep

Slough

Seep

Seep

A

C

E

D

F

B

Loamy Till

Sand

Dense Till

Sandy Loam

Sand
Gravelly

Dense Till

Till

Till

Gravel

Silty Clay / Clay

Loam

Loamy Sand /
Sandy Loam

Sandy Loam

Loam
LoamSilt Loam

Highly Permeable Layer

Loam

Loam

001819



12

wetlands, because water flows
laterally through the wetland soils and
does not allow accumulation of salts
(Figure 10). When the hydrology of a
flowthrough wetland is disrupted by
drainage, evaporative discharge can
occur through the drained wetland
soil. Under the undrained condition,
evaporative discharge is confined
to the wetland edge; soils may be
extremely saline at this location.
When the area of evaporative
discharge is expanded to the wetland
interior, saline conditions may be
expanded to the entire wetland
(Figure 10). The final result of
flowthrough wetland drainage is often
no gain in crop production, but a loss
of flood protection, groundwater
recharge, and wildlife habitat.

Figure 8. The location of maximum salinity and crop damage along a drainage ditch in the Red
River Valley. (After Skarie et al., 1986.)

Figure 9. Secondary salinization by irrigation (A) and (B) may be prevented, if the field is
adequately drained (C).

Road

Ditch

Maximum salinity
and

crop damage

Water Flow

W
at

er
 F

lo
w

Salts

A

W
at

e
r 

F
lo

w

Water Table

Salts

W
at

e
r 

F
lo

w

B

Tile Drain

W
at

er
 F

lo
w

C

001820



13

Figure 10. Salinity is confined to the edges of flowthrough wetlands (A), unless the wetlands are drained, and the area of
evaporative discharge is expanded to the wetland basin (B).

SALINE AND SODIC SOIL MANAGEMENT
Management stategies for saline

and sodic soils must be designed with
processes of salt accumulation in
mind. Different management tech-
niques may be necessary for soils
with different salt compositions and
water regimes.

Most saline and sodic soils are the
result of evaporation from a shallow
water table. Before effective methods
of management can be designed for
a specific parcel of land, the water
table level must be determined. As
long as a shallow water table exists,
potential for salinization and sodifi-
cation exists.

SALINE SOIL
MANAGEMENT

The type of ions in the soil solu-
tion does not influence the osmotic
potential to any large degree; it is the
total of all ionic species that controls
the osmotic potential. From a prac-
tical point of view, management of
saline soils with different salt compo-
sitions is essentially the same.

Plant Tolerance to Salinity
Salt tolerant plant species should

be selected on the basis of salt
concentrations found in saline areas.
Drought resistant plants such as

grasses and small grains are generally
more tolerant to salinity than row
crops, trees, shrubs, and vegetables
(U.S. Salinity Laboratory Staff, 1954).
If an accurate estimate of field salinity
is known, crop tolerance information
can be used to determine the eco-
nomic feasibility of growing certain
crops.

Crop tolerance to salinity has
been tested for some of the major
crops in North Dakota (Figure 11). It
is noteworthy that sunflower is more
resistant to salinity than experience
from other production areas would
indicate.
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Many cultivated crops are most
susceptible to salinity during germina-
tion and early growth stages. If plant-
ing coincides with periods shortly
after salts have been flushed from
the surface, plant germination and
seedling survival is more likely to be
successful.

Reduction of
Evaporative Discharge

Control of salinity must include
management practices that reduce
evaporative discharge. Subsurface
drainage is an effective means of
lowering the water table; however,
it may not be economically feasible.
Evaporative discharge is also affected
by the condition of the soil surface
and the plants growing on it. Surface
mulches can be used to reduce
evapotranspiration and salt accumula-
tion.

SODIC SOIL
MANAGEMENT

Soils affected by sodium must be
managed similarly to saline soils with
respect to drainage. Management for
these soils includes drought tolerant
plant species. Chemical amendments
and physical disruption of the claypan
may help to reduce the restrictive
nature of these soils.

Calcium Amendments for
Sodic Soils

Sodic soils may be improved by
replacing adsorbed sodium with
calcium. A number of amendments
have been used with limited success
over the years (U.S. Salinity Labora-
tory Staff, 1954). Amendments that
release high amounts of calcium
to the soil solution are the most
effective. Unfortunately very soluble
amendments, such as calcium chloride
(CaCl2), are cost prohibitive. Gypsum
(CaSO4) is an amendment less
effective than calcium chloride but
popular in many areas because of

Figure 11. Thresholds of yield reduction due to salinity for some of the major crops in North
Dakota. Salinity was expressed as the electrical conductivity (EC) of the saturated soil extract
from the plow layer (0 to 6 inch depth). (After Maianu, 1983; 1984; and unpublished data;

Maianu and Lukach, 1985; Nelson, unpublished data.)

cost. Gypsum, however, is often
ineffective on sodic soils in North
Dakota, because they already have
high amounts of gypsum in them.
For those sodic soils in North Dakota
that do not have gypsum in the upper
part of the claypan, CaSO4 may be
an effective amendment. Soil inspec-
tion and analysis by a qualified soil
specialist before calcium amendments
are applied to fields with sodic soils
is recommended.

Deep Plowing and
Sodic Soil Improvement

Deep plowing has improved some
sodic soils in western North Dakota
(Sandoval, 1978). Deep plowing not
only disrupts the restrictive claypan,
but may also mix CaSO4 from deep-
er soil layers into the claypan.

Caution should be taken not
to plow too deep or too shallow.
Plowing too deep may bring excessive
amounts of soluble salts to the sur-
face, creating a salinity problem.
Plowing too shallow will not disrupt
the lower part of the claypan and
will not reach gypsum accumulations
below it. The effectiveness of the
deep plowing technique depends
on the location of the water table and
the presence of native gypsum in the
soil.

Soil improvement through deep
plowing is not expected to be sus-
tained on a sodic soil that has a shal-
low water table, because sodium salts
are continually introduced to the soil
through evaporative discharge. If the
claypan already has high amounts of
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gypsum, mixing of gypsum from
deeper substrata will have no effect
on replacement of adsorbed sodium.
Consultation with a qualified soil
specialist is recommended before
deep-plowing is attempted to
improve fields with sodic soils.

SALINE-SODIC SOIL
MANAGEMENT

Saline-sodic soils have unique
problems with respect to manage-
ment, because they have both high
salinity and sodicity. Some saline-
sodic soils have well aggregated
structure, although high amounts of
sodium are present. The SAR ranged
from 18 to 30 and EC ranged from
10 to 20 dS/m in a typical saline-sodic
soil from northeastern North
Dakota. High salinity counteracts the
dispersive effect of sodium. Attempts
to leach the salts will likely result in
a puddled soil, because the counter-
active effect against dispersion is lost
as the salts are removed.

MANAGEMENT OF SOILS AFFECTED BY
SECONDARY SALINIZATION

Saline Seeps
RECHARGE AREA MANAGEMENT AND
SALINE SEEP CONTROL

Saline soil improvement often
includes managing the water table.
In the case of saline seeps, the water
table may be controlled by reducing
local groundwater recharge. Eliminat-
ing summer fallow in upland recharge
positions is generally the most
effi-cient method of controlling the
water table in a saline seep. Com-
pared to native vegetation, cropping
systems may not use moisture effi-
ciently, particularly when summer
fallow is included in the rotation. The
result is high water tables that con-
tribute to evaporative discharge and
salinization of farmland. Where feas-
ible, reduced summer fallow, continu-
ous cropping, and inclusion of hay or
pasture in long term rotations should
reduce groundwater recharge in
areas prone to saline seeps. Deep-
rooted crops such as alfalfa have been
shown to effectively withdraw
moisture from recharge areas and
reduce discharge from saline seeps
downslope (Brun and Worcester,
1974; 1975).

INTERCEPTION MANAGEMENT AND
SALINE SEEP CONTROL

Other management practices focus
on interception of lateral flow with
tile drains or bands of deep rooted
crops. These methods have been
successful; however, they have
serious disadvantages. Interception
of saline water with tile drains can
be costly, and the problem of saline
water disposal is created. Intercep-
tion of lateral water with deep
rooted crops may be short lived
if salts build up in the root zone.
Interception methods fail to deal with
the source of the problem, recharge
from locations farther upslope.

Road Ditch and Lagoon
Margin Management for
Salinity

Lateral movement of water to
soils adjacent to road ditches can
be reduced by preventing water
from standing in the drainage ditches.
Ditches should be designed and
maintained to move water rapidly and
minimize standing water. Lagoons
should be designed to prevent
leakage that causes salinization of
adjacent soils.

Irrigation Management to
Prevent Secondary
Salinization
LEACHING AND DRAINAGE

When subsurface drainage is
adequate, salt accumulation in
irrigated soils can be avoided by
applying more water than is needed
by the crop. Excess water dissolves
salts and percolates beyond the root
zone (Figure 9).

The amount of water needed to
adequately leach the salts (leaching
requirement) is determined by the
quality of the irrigation water. Poor
quality water (high salinity) dictates a
larger leaching requirement. Proper
subsurface drainage is absolutely
necessary to prevent shallow water
tables from developing below
irrigated soils. A shallow water table
under an irrigated soil defeats the
application of leaching water, because
leached salts are moved back into the
rooting zone by capillary action
(Figure 9).

FIELD LEVELLING
Secondary salinization can occur

from uneven distribution of irrigation
water due to irregular topography.
Microdepressions act as points of
focused recharge; salts are leached
from the recharge locations (Figure
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12). Adjacent microknolls, however,
act as points of focused evaporative
discharge; salts accumulate and may
cause salinity problems at the
discharge locations (Figure 12).
Levelling irrigated fields allows more
even water distribution and avoids
concentration of water and salts at
specific places in the field (Figure 12).
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North Dakota Department of Health 

Environmental Section 

Division of Water Quality 

Attention: Karl Rockeman, P.E. 

 

Additional Public Hearing Testimony Regarding the Rolling Green Family Farms Re LLP submitted from 

The Concerned Citizens of Buffalo 

Dear Mr. Rockeman, 

The Concerned Citizens of Buffalo hereby request that the Permit Applicant be rejected due to being 

incomplete. The Permit Application lacks calculations and disclosure of expected mortality rates of all 

groups of the hog population planned to be present at the facility.  These expected rates, along with the 

expectation of stillbirth hog quantities, and afterbirth volume have not been disclosed nor have the 

proposed procedures for composting, calculations of total volume of carcass/carrion/animal material to 

be composed, and the actual verification of necessary compost bin area and volume necessary to safely 

and effectively compost the carrion.  Without these calculations and “right sizing” of the compost bins, 

and without stated proposed procedures and processes, the composting process itself will become one 

of the most dangerous exposures of pathogen spread from flies/insects, scavengers and predators.  The 

biological waste fluids will spill from the bin area and contaminate the site, the runoff areas, and 

subsequently the adjacent farm lands, with potentially lethal pathogens.  As stated during the verbal 

presentation by yourself at the actual hearing, “…an incomplete permit application is one of the grounds 

for rejection…”  Your follow-up and rejection of the permit is expected. 

Thank you for clarifying those points in the hearing. 

 

Alan D. Dostert, on behalf of  

The Concerns Citizens of Buffalo 

 

CC: (via email) 

Derrick Braaten  

Liane Stout 
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March 18, 2016 
 
 
 
 
 
North Dakota Department of Health 
Division of Water Quality 
918 Divide Avenue, 4th Floor 
Bismarck, ND  58501-1047 
 
Attention: Karl Rockeman, Director 
 
 
This addendum is submitted on behalf of the Concerned Citizens of Buffalo 
regarding the Rolling Green Family Farms illegal permit application. 
 
“We demand that the nutrient application setbacks match those that have been 
submitted and filed at the North Dakota Department of Health by Howes 
Township on February 26, 2016.”  
 
Please include this statement as part of testimony. 
 
 
Liane Stout, on behalf of  
The Concerned Citizens of Buffalo 
 
cc:  via email 
Derrick Braaten 
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CAFO REVIEW FOR 
Rolling Green Family 

Farms RE LLP 
March 17, 2016 

Buffalo, ND  
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Rules and Regulations 

 State Animal Feeding Operations (AFOs) 
◦ NDCC 61-28-04 

 

◦ NDAC 33-16-03.1 

 ND Livestock Program Design Manual 

 

◦ NDAC 23-25 – Air Pollution Control 
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Water Quality 

 Review and approve design for manure 
management systems 

 

 Ensure that surface and groundwater are 
protected according to established rules 
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Air Quality 

 Nuisance standards for  
◦ Odors 

◦ Hydrogen Sulfide (H2S) 

 

 Air emission permits 
◦ Typically apply to larger industrial facilities 

001831



Other requirements 

 Other local, state and federal 
requirements may apply, but are not part 
of the permitting process 

 

 Land use, economic  or social impacts are 
not part of the permitting process 
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Rolling Green Family Farms LLP 

 Application received: September 8, 2015 
 

 Location: SE ¼ of the NW ¼ of Section 4, 
Township (Howes) 139 N, Range 54 W in 
Cass County 

 

 800 Nursery pigs 

 1,600 Finishing pigs 

 1,344 Farrowing sows 

 5,312 Gestation sows 
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Proposed Location - Overview 

Google Earth 

Setback 
distance = 
1 Mile 
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Proposed Location 
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Application process  

 

Issue Public  
Notice. 

Take public 
comments. 

Re-evaluate draft 
approval conditions. 

Start Department receives completed 
design packet. 

Review application, design 
plans and local site information 
including surface and ground 
water and soils. 

Draft approval conditions. 

Yes 

No 
Can approval conditions be met? 

Should public 
 comments be requested 

 for facility? 

Yes No Approval to Operate not issued. Approval to Operate Issued. 
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Public Participation 

 NDAC 33-16-03.1-13 
 Minimum 30 days to submit comments 

◦ Comment period may be extended 

 Who gets notified: 
◦ County Newspaper 

◦ Local Post Office 

◦ Mailing list  

◦ E-mail notification if signed up on Dept of Health 
site (Approx 400). 

 Public comment period for this site has been 
80 days 
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Surface water protection- site 

 Manure will be stored underneath the 
barns in concrete pits 

 

 Manure will not come into contact with 
precipitation 

 

 No discharge of manure into waters of the 
state 
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Manure storage Volumes 

 Total manure storage:  
◦ 1,368,391 cu ft or 10.24 Mgal 

 

 Required manure storage (270) days: 
◦  854,081 cu ft or 6.39 Mgal 

 

 About 432 days of storage available 
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Groundwater Protection 

 Most wells deeper than 50 ft 
◦ One bored well at 29ft 

 

 Localized perched water table at a relative 
elevation of 1134ft-1139ft 

 

 Bottom of manure storage at 1138.8ft 

 

 Use of drain tile to lower water table 
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Well Locations (Listed with Water 
Commission) 
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Drain tile system 

Manure storage 
Deep Pit – 
1138.8 elev 

Ground surface 

Water Table – 
1134-1139 elev 

Drain Tile – 1137 elev 
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Land Application 

 Manure must not impact waters of the state, or 
cause excess odors. 
◦ Manure must be applied in a manner to protect surface and 

ground water. 
  
◦ 100ft buffer area around surface water. 
 

◦ Manure must be applied in a manner to minimize odors. 
 

◦ Manure must be applied in a manner that which nutrients 
will be utilized as fertilizer. 

 
◦ Manure will be injected into the soil 
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Field locations for Manure 
Application 
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Nutrients 

 N produced: 284,256 lb/year 
 
 N available:225,131 lb/year 
 
 P produced: 218,562 lb/year 
 
 P available: 174,850 lb/year 
 
 Annual soil and manure sampling 
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Cropland 

 Crops grown: Corn, soybeans, edible 
beans 

 

 Acres available:3,312 acres 

 67.9 lbs N per acre 

 52.8 lbs P per acre ( as P2O5) 
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Air Quality Regulations 

 Nuisance standards 
◦ Based on annoyance to public or neighbors 
◦ Readings taken on complaint basis 
 

 Ambient standards   
◦ Based on health effects 
◦ Higher than Nuisance standards 
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Nuisance Laws 

 Apply to everyone 
 

 Odor readings taken on a complaint basis 
 

 Location where odor readings are taken based 
on 
◦ Applicable setback distances (1 mile) 
◦ Who was established first 
 

 Prohibit odors 7 Odor Concentration Units 
(O.C.U) or higher, as measured with 
scentometer 
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Oversight 

 

 For large CAFO’s: 
◦ Inspections are done Annually 
◦ Records are reviewed 
◦ Manure application is reviewed 
 

 Department follows up on all complaints of 
AFOs/CAFOs. 

 

 Samples are collected when appropriate. 
◦ Soil 
◦ Water 
◦ Air 

 

 Enforcement actions if needed 
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Other ND hog facilities 

 By county (total): 
◦ Bottineau – 6,000 
◦ Bowman – 6,750 
◦ Dickey – 3,840 
◦ Grand Forks – 12,800 two facilities 
◦ Nelson – 6,400 
◦ Ramsey – 6,000 
◦ Ransom – 8,200 two facilities 
◦ Towner – 46,494 three facilities 
◦ Cass – 9,056 Proposed facility 
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Questions 

 Department Address: 

 
918 E Divide Avenue, 4th Floor 

Bismarck, ND 58501-1947 

 

http://ndhealth.gov/WQ 

 

Karl Rockeman – Director of Water Quality 

Marty Haroldson – NDPDES Program Manager 
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Ground Rules for Hearing 

 Please refrain from cheering, booing, 
applauding or talking while testimony is 
being taken 

 

 Address the hearing officer, and speak 
clearly 

 

 Comments should address the 
environmental impacts  

 

 Be courteous and respectful to others 
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