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To: Marvin Hora, Minnesota Pollution Control Agency 

Doug Hall, Minnesota Pollution Control Agency 

Mark Tomasek, Minnesota Pollution Control Agency 

From: Greg Wilson and Dave Wall 

Subject: Final�Detailed Assessment of Phosphorus Sources to Minnesota Watersheds�
Feedlot Runoff   

Date: December 31, 2003 

Project: 23/62-853 AGRI 008 

c: Henry Runke     
 

 

Overview and Introduction to Feedlot Runoff as a Source of Phosphorus 

 

The primary way that feedlots contribute phosphorus to surface waters, apart from land application of 

manure, is through open lot runoff during precipitation and snowmelt events.  Livestock manure 

accumulates on outdoor feedlots and is susceptible to runoff before being scraped from the feedlot 

and applied to cropland.  Even after scraping for stockpiling or land application, a thin coating of 

manure remains on the feedlot surface and a fraction of this manure will wash off during 

precipitation or snowmelt events.  

 

Overall, a small fraction of the total manure phosphorus generated at feedlots enters waters during 

precipitation and snowmelt events.  Many feedlots do not have an open lot because they keep animals 

inside the barn most or all of the time, especially poultry, swine and large dairy facilities.  Many of 

those with outdoor open lots collect runoff in impoundments or treat the runoff as it passes through 

downslope vegetation.  Yet many feedlots still maintain open lot runoff that is out of compliance 

with state feedlot rules, and runoff from these feedlots contributes some phosphorus to waters.   

Under MN Rules 7020 control of runoff from these feedlots is phased in through October, 2010.     

 

Technical Memorandum 
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Results of Literature Search and Review of Available Monitoring Data 

 

Typical amounts of phosphorus generated by livestock are described in Midwest Plan Service (2000).  

The daily P2O5 phosphorus generated per animal is reported as:  Beef cattle 0.21 lbs.; Dairy cows 

0.42 lbs.; and Swine 0.05 lbs.  Most of this manure phosphorus (P) generated will be applied to 

cropland.  However, a fraction of the manure P can be lost in feedlot runoff during precipitation or 

snowmelt events.  Manure nutrients and organic matter (oxygen demand) is often retained in 

vegetation that is downslope of the feedlot.  However, runoff from many feedlots enters flow 

channels (waterways, road ditches, drainage ditches, intermittent streams or streams) before 

sufficient phosphorus retention by vegetation can occur.  In order to be compliant with MPCA rules, 

Chs. 7020 and 7050, monthly average discharges must be less than 25 mg/l biochemical oxygen 

demand (BOD) and less than 1 mg/l phosphorus if discharging into or affecting a lake or reservoir.  

Feedlots that meet the 25 mg/l BOD standard have phosphorus concentrations that are typically 

slightly greater than cropland runoff.    

 

Based on a survey of county Soil and Water Conservation District Offices and Environmental offices, 

the Minnesota Department of Agriculture (MDA) estimates that roughly 34 percent of feedlots need 

upgrades to meet state regulations (MDA, 2003).  In the same report, MDA estimates that 

approximately four out of every five (79%) of the feedlots needing upgrades need open lot upgrades 

and the other 21% have other problems not associated with open lot runoff (e.g. unlined manure 

storage structures).  Most feedlots with open lot runoff are from smaller beef, dairy and swine 

feedlots, with much fewer instances of non-compliance observed for moderate and large sized 

feedlots (Mulla et al., 2001).   

 

Phosphorus runoff loading from open lot feedlots can be estimated with a feedlot evaluation model 

developed in Minnesota (Young et al., 1982).  The model (FLEval) has been used for many years in 

Minnesota to evaluate compliance with Minnesota Feedlot runoff rules and to estimate reduced 

oxygen demand and phosphorus loadings resulting from feedlot improvements.  The model was 

developed to estimate pollutant loadings at the feedlot edge and to account for any contaminant 

retention/treatment that occurs in downslope vegetation and cropland.  The model was developed to 

predict loading from individual storm events.  However, the Board of Water and Soil Resources 

developed an equation to estimate annual loadings and annual runoff.   
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Watershed Basin Characteristics    

 

Runoff characteristics of each major watershed basin in the state were developed to simplify and 

provide a surrogate of the annual amount of phosphorus that leaves the feedlots in that basin due to  

surface runoff.   For example, wet condition runoff is 15.6 inches per year in the Lower Mississippi 

Basin and 6.1 inches per year in the Red River Basin (see the Basin Hydrology Technical 

Memorandum).  Computer modeling using the Feedlot Evaluation model (FLEval) estimated that 2 

percent of the annual phosphorus generated at non-compliant feedlots leaves the feedlot edge in 

runoff in the Lower Mississippi River Basin during wet years (assuming 15.6 inches of annual runoff 

at feedlots); whereas only 0.8 percent of the phosphorus leaves the feedlot edge in the Red River 

Basin (assuming 6.1 inches of annual runoff at feedlots).  The annual runoff model inputs for low, 

average and high flow years were consistent with the runoff amounts used for assessing other 

phosphorus sources in this project (based on the Basin Hydrology Technical Memorandum).   

 

Approach and Methodology for Phosphorus Loading Computations    

 

Described below is a summary of the steps taken to develop estimates of P loading to waters from 

open lot runoff: 

Step 1.  Determine the number of beef, dairy and swine animal units found at all feedlots 

with open lots (excluding feedlots with 1000 or more animal units). 

Step 2.  Multiply the results in step 1 by the annual manure P generated by each type of 

livestock.  This provides P generated by livestock in all open lots. 

Step 3.  Multiply the results in step 2 by the estimated percentage of open lot feedlots that 

contribute phosphorus during certain storm events.  This provides P generated by livestock at 

feedlots that contribute P to waters. 

Step 4.  Multiply the results in step 3 by the typical fraction of P that is lost to surface waters 

during low, average and high flow years.  This provides the estimated P loading to surface 

waters from open lots.   

   

The spreadsheet used to make the calculations for the 4 steps is shown in Table 1.  Each of the four 

steps is described further in the following pages. 



To: Marvin Hora, Doug Hall and Mark Tomasek, Minnesota Pollution Control Agency 
From: Greg Wilson and Dave Wall 
Subject: Draft�Detailed Assessment of Phosphorus Sources to Minnesota Watersheds�Feedlot Runoff 
Date: December 31, 2003 
Page: 4 
 

P:\23\62\853\Agricultural\AGRI Tech Memo\FinalFeedlotTechMemo.doc 

 



To: Marvin Hora, Doug Hall and Mark Tomasek, Minnesota Pollution Control Agency 
From: Greg Wilson and Dave Wall 
Subject: Draft�Detailed Assessment of Phosphorus Sources to Minnesota Watersheds�Feedlot Runoff 
Date: December 31, 2003 
Page: 5 
 

P:\23\62\853\Agricultural\AGRI Tech Memo\FinalFeedlotTechMemo.doc 

Step 1.  Beef, Dairy and Swine animal units at open lot feedlots 

 

MPCA�s registered feedlot database was used to determine which feedlots had open lots.  Of the 

29,122 feedlots in this data base 14,367 feedlots indicated that they had an open lot and 3,181 

indicated no open lot.  Another 11,574 feedlots had a question mark under the open lot heading (or 

flag).  The following five combinations of answers in the data base were considered to be feedlots 

likely to have an open lot.   

  

1.  Open Lot flag = Y and <1000 A.U.s 

2.  Open Lot flag = ? and Confinement Building flag = N and Total A.U.s < 300 

3.  Open Lot flag = ? and Confinement Building flag = Y and Manure Storage flag = N and Total A.U.s < 
300 

4.  Open Lot flag = ? and Confinement Building flag = ? and Total A.U.s < 300 

5.  Open Lot flag = ? and Manure Storage flag = ? and Total A.U.s < 300 

 

All feedlots with more than 1000 animal units were excluded, since discharge to waters is not 

allowed at these feedlots and they are routinely inspected to ensure compliance with the no discharge 

standard.   

 

Based on the combinations outlined above, a total of 22,387 feedlots were assumed to have open lots.  

The distribution of these open lots, along with the remaining feedlot locations from the MPCA�s 

registered feedlot database, is shown in Figure 1.  The beef, dairy and swine animal units from these 

feedlots were tallied to determine the livestock animal units found at feedlots with open lots.  This was 

determined separately for each basin.  

 

Step 2:  Manure P generated by livestock 

 

Phosphorus generated for each animal unit of dairy, beef and swine was determined based on information 

from Midwest Plan Service (2000).   By taking the daily P2O5 generation described in that 

publication, and converting to annual P generated per animal unit (au), the following estimates of 

annual P generation were developed:  Beef cattle 33.5 lbs/au; Dairy cows 47.8 lbs/au; and Swine 26.6 

lbs/au.   Multiplying these numbers by the number of animal units in each basin provided the annual 

total P produced by livestock at open lot feedlots in each basin.   
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