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Executive Summary 
 
PROJECT TITLE:  Moccasin Creek Project 
 
PROJECT START DATE: January 22, 1999  
 
PROJECT COMPLETION DATE: November 2001 
 
FUNDING:     TOTAL BUDGET: TBD 
 
 INITIAL 319 EPA GRANT:   $65,420.00 
 INITIAL 104(b)(3) AND 604(b) GRANT $12,320.50 
 
 TOTAL EXPENDITURES 
 OF 319 EPA FUNDS:    $65,420.00 
 TOTAL EXPENDITURES OF  
 104(b)(3) AND 604(b) GRANT  $9,685.33 
  
 TOTAL SECTION 319  
 MATCH ACCRUED:    $49,226.98 
 
 BUDGET REVISIONS:   TBD 

TOTAL 604(b) EXPENDITURES  $8,000.00 March 2, 2001 
TOTAL 604(b) EXPENDITURES  $6,450.00 June 14, 2001 
TOTAL 604(b) EXPENDITURES  $15,000.00 September 20, 2001 

 
 TOTAL FEDERAL EXPENDITURES $98,547.58 
 
 TOTAL ALL EXPENDITURES:  $147,774.56 
 
NOTE: 
Wylie Pond lies within the Moccasin Creek watershed.  Moccasin Creek and Wylie Pond watershed 
assessments were two separate projects sponsored by South Brown Conservation District.  
Moccasin Creek was initially funded under EPA Clean Water Act Section 319.  Sample collections 
specifically tied to Wylie Pond were funded under EPA Clean Water Act Section 604(b).  Funding 
expenditures on the two projects were kept separate.  To complete the Moccasin Creek assessment, 
additional funds were needed and were amended to the Wylie Pond 604(b) contract with the South 
Brown Conservation District.  The Wylie Pond work plan under 604(b) was amended to show these 
changes.  There were no 319 funds used to complete the Wylie Pond assessment.  Because these 
water body assessments are written as two separate documents, the Wylie Pond document only 
shows expenditures for that project.  The Moccasin Creek assessment document shows use of the 
funds remaining from the Wylie Pond 604(b) amendments. 
 
 
SUMMARY OF ACCOMPLISHMENTS 
 
The Moccasin Creek assessment project began in March 1999 and lasted through December 2002 
when data analysis and compilation of a final report was completed.  The assessment was conducted 
as a result of a formal request made to the state by the city of Aberdeen.  The city of Aberdeen 
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asked the South Brown Conservation District to sponsor the project.  The Moccasin Creek 
watershed assessment met all of its milestones in a timely manner.  Water quality monitoring and 
watershed modeling identified sources of impairment. 
 
The primary goal for the project was to determine sources of impairment to Moccasin Creek and 
provide sufficient background data to drive an implementation project.  Through identification of 
sources of impairment in the Moccasin Creek watershed, this goal was accomplished. 
 
An EPA section 319 base grant along with additional 604 (b) and 104 (b)(3) funds were used for 
funding the Moccasin Creek project.  The total amount of local match funds used was $49,226.98.  
The total federal dollars spent on the Moccasin Creek project calculates to $98,547.58. 
 
 
Introduction 
 
Purpose 
The purpose of this pre-implementation assessment is to determine the sources of impairment to 
Moccasin Creek in Brown County, South Dakota, and the tributaries in its watershed. The creeks 
and small tributaries are streams with loadings of sediment and nutrients related to snowmelt and 
spring rain events.  The discharge from this watershed ultimately reaches the James River. 
 
Foot Creek is the primary tributary to Moccasin Creek and drains a mix of grazing lands with some 
cropland acres.  Winter feeding areas for livestock are present in the watershed.  Moccasin Creek 
and Foot Creek carry sediment and nutrient loads that degrade water quality and cause increased 
sedimentation and eutrophication.  The city of Aberdeen’s storm sewer system and wastewater 
treatment plant also add nutrient and sediment load to Moccasin Creek. 
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Figure 1.  Moccasin Creek Watershed, Brown County, South Dakota 
 
 
Beneficial Uses  
 
The State of South Dakota has assigned all of the water bodies that lie within its borders a set of 
beneficial uses.  Along with these assigned uses are sets of standards for the chemical properties of 
streams.  These standards must be maintained for the listed streams to fully support their assigned 
beneficial uses.  All streams in the state receive the beneficial uses of (9) fish and wildlife 
propagation, recreation, and stock watering; and (10) irrigation.  Part of Moccasin Creek is also 
listed on the list of beneficial uses as: 
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(6) Warmwater marginal fish life propagation waters 
(8) Limited contact recreation-waters 

 
Recreational Use 
 
The headwaters of Moccasin Creek are located north of Aberdeen, SD, and flow to its confluence 
with the James River, east of Warner, SD.  The creek is used for fishing and canoeing when flows 
permit.  During the winter months the creek is used for snowmobiling and trail riding purposes.   
 
Geology 
 
The headwaters of Moccasin Creek and its tributary Foot Creek lie in the region known as the 
James Basin and the Lake Dakota Plain.  The bed of ancient Lake Dakota is nearly flat with relief 
seldom exceeding ten feet except where stream valleys have been formed.  Brown County is located 
between two coteaus.  Directly west is the Coteau du Missouri and directly east is the Coteau des 
Prairies.  Several streams flow down the slopes crossing the tilled highlands and the two coteaus to 
join the James River in the lower portion of the depression.  Most of the county is dotted with 
numerous depressions in the glacial drift with a few large enough to hold significant amounts of 
water.  Natural streams in the area include Mud Creek, Foot Creek, Elm Creek, Maple Creek, and 
Willow Creek.  These creeks flow through Brown County and eventually discharge into the James 
River. 
 
Brown County has a sub-humid continental climate with short, hot summers and long, cold winters.  
Below zero temperatures are very common in winter and temperatures of 100o F are normally 
experienced on a monthly basis during the summer.  The average annual precipitation is just over 19 
inches per year (Spuhler, 1971). 
 
Ground water in the area is obtained from confined bedrock deposits and also from glacial drift.  
Aquifers in the glacial drift zone contain about 3.6 million acre-feet of water storage and are 
recharged mainly by infiltration of precipitation.  The bedrock aquifer contains approximately 61 
million acre-feet of water storage and is recharged by subsurface inflow and from underlying 
bedrock aquifers (Schultz, 19994). 
 
History 
 
In the early 1900’s, the city of Aberdeen began using the Moccasin Creek as a means to dispose of 
the cities wastewater.  Due to the flat topography in the Aberdeen area, Moccasin Creek flowed 
very slowly southward to the James River.  By 1909, odors from the stagnant Moccasin Creek were 
a big problem.  City officials were called to inspect the situation due to unpleasant odors drifting 
over the city.  At the time, newspaper reporters noted that it was very important to keep to the 
upwind side of the creek when approaching to avoid inhaling the stench of the sewage infested 
water.  The city corrected the problem in 1912 when a treatment plant was installed.  Additions and 
upgrades were made to the system in 1934 and 1950.  Since that time, additional lift stations have 
been installed throughout the city to help overcome the flat topography and lack of natural flow.  In 
addition, Moccasin Creek was straightened out and robbed of its natural meanders, which were 
needed to help move sediment and loadings through the system.  It was noted the creek was also 
cleaned of obstructions at the same time to help speed up flow.  In 1988, the Moccasin Creek 
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Restoration Committee was born.  This group of individuals worked with problems such as public 
perception of the creek, lack of water flow, public access, etc.  This group tried to improve the creek 
but with little success due to lack of local interest (Aberdeen American News, 1956). 
 
In the early to mid 1980’s, the city of Aberdeen dredged Moccasin Creek by means of a Mud Cat 
Dredge (owned by the city) and a backhoe.  The city dredged the creek bed from 1st Avenue South 
to Melgaard Road.  Dredging material from the project was used to fill a low area and to construct 
soccer fields along Moccasin Creek.  The soccer fields are still being used by the city of Aberdeen. 
 
Today, Moccasin Creek is still a slow-moving creek which is approximately 100 to 150 feet wide 
from left bank to right bank.  The creek is full of silt (up to 5 feet deep in some areas) and contains a 
lot of garbage.  When state employees surveyed cross sections of the creek channel in May 2002, it 
was noted that the mud was so deep it was nearly impossible to cross the creek while wearing chest 
waders.  At the time of the survey, it was also noted that a lot of garbage (plastic, paper, tires, 
hypodermic needles, metal, etc.) still remains in Moccasin Creek. 
 
 
Project Goals, Objectives, and Activities 
 
Planned and Actual Milestones, Products, and Completion Dates 
 
Objective 1.  Monitoring Moccasin Creek/Tributaries 
 
Sampling of Moccasin Creek began in March 1999 with six monitoring sites.  Site MC-7 on Foot 
Creek was added the end of March 1999 (Figure 2).  The flow equipment was used to help obtain a 
detailed summary of the daily discharges of nutrients and sediment from the watershed into 
Moccasin Creek.  Samples from Foot Creek were easily gathered due to the continuous flow.  The 
flow of Foot Creek is enhanced by the discharge of Richmond lake into Foot Creek.  Site MC-2A 
was added in July 1999 to help monitor Aberdeen’s storm sewer discharge.  Sampling of nutrients, 
elutriate, solids parameters, and fecal coliform bacteria continued on Moccasin Creek through 
September 2001.  In late January 2002, ice cover on Moccasin Creek was sufficiently thick to allow 
collection of a winter elutriate sample.  The sample was analyzed for sediment particle size. 
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Figure 2.  Moccasin Creek Sampling Sites 
 
Objective 2.  Quality assurance/quality control 
 
Duplicate and blank samples were collected during the course of the project to provide defendable 
proof that sample data were collected in a scientific and reproducible manner.  QA/QC data 
collection began, and was completed, on schedule with the proposed timeline.  A total of 112 
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samples were taken in 1999 and 140 samples were collected in 2000.  A total of 22 duplicates and 
20 blanks were analyzed on 252 samples collected throughout the project.  QA/QC data collection 
began in March of 1999 and was completed in November of 2000. 
 
Objective 3.  Evaluation of agricultural impacts via AGNPS 
 
Collection of the data required for completion of the Agricultural Non-Point Source (AGNPS) 
model was finished on schedule during the project.  The local coordinator utilized public records as 
well as personal contact with landowners and operators in the Moccasin Creek watershed to gather 
the required AGNPS data.  AGNPS data indicated that the Moccasin Creek watershed had a low 
sediment deliverability rate at the outlet of Moccasin Creek.  Data indicated that the Moccasin 
Creek watershed had a total nitrogen deliverability rate of 2.46 lbs./acre.  The total phosphorus 
deliverability rate was considered to be lower than average at 0.58 lbs./acre.  Analysis of the 
AGNPS data for each forty-acre cell in the watershed revealed that of 2,644 cells, there were 94 
critical erosion cells, 37 critical nitrogen cells, and 48 critical phosphorus cells.  The AGNPS report 
written for the Moccasin Creek project can be viewed in Appendix A. 
 
Objective 4.  Public participation and involvement 
 
All of the landowners were contacted individually to assess the condition of animal feeding 
operations and land management practices located within the watershed.  Responses to letters, 
phone calls, and personal contacts were excellent with most of the landowners cooperating to 
provide the needed information.  Further information was provided to the community and 
stakeholders in the project at the South Brown Conservation District Board meetings and several 
meetings with city officials. 
 
Objective 5.  Stream channel analysis 
 
Several cross sections of the Moccasin Creek channel were surveyed in July 1999 by DENR staff.  
In May and June of 2002, 32 additional cross sections were surveyed down from the northern edge 
of Aberdeen on Moccasin Creek downstream to the wastewater treatment plant south of Aberdeen.  
An initial feasibility study was conducted by Interfluve, Inc. of Bozeman, Montana as part of a 
contract agreement between South Brown Conservation District and Interfluve, Inc.  The study was 
conducted to determine what methods, if any, could be used to help increase the flow and the 
appearance of Moccasin Creek.  Results from that study can be found in Appendix B. 
 
Objective 6.  Storm sewer water quality monitoring  
 
Seven of the larger storm sewers were sampled during 1999 and 2000 with storm-event-based 
sampling beginning in March 1999.  Discharge measurements were taken at the same time.  In 
October 2001, storm event samples collected from each of the seven storm sewers were forwarded 
immediately to PaleoScience, Miami, Florida, for E. coli testing.  DNA fingerprinting methodology 
was used to determine the source of E. coli.  The results of DNA fingerprinting from the seven 
storm sewers can be found in Appendix C. 
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Objective 7.  Watershed restoration alternatives 
 
Water quality sample field data and AGNPS data was collected and used to determine critical areas 
in the Moccasin Creek watershed.   Feasible management practices will be compiled into a list of 
alternatives for the development of an implementation project. 
 
Objective 8.  Produce and publish a final written report 
 
The final report for the Moccasin Creek watershed assessment in Brown County was completed 
until December 2002.  This delay was due to the necessity of completing the Wylie Pond TMDL 
that was funded through the same grant.  Restoration and other BMPs for Moccasin Creek may be 
completed at a later time during project implementation. 
 
Evaluation of Goal Achievements 
 
The goal of the watershed assessment completed for Moccasin Creek was to determine and 
document sources of impairment to the stream and to develop feasible alternatives for restoration.  
This was accomplished through the collection of tributary and in-stream data aided by the 
completion of the AGNPS watershed modeling tool and an engineering feasibility study conducted 
by Interfluve, Inc. of Bozeman, Montana.  Through data analysis and modeling, identification of 
impairment sources was possible.  The identification of these impairment sources will aid the state’s 
non-point source (NPS) program by allowing strategic targeting of resources to portions of the 
watershed that will provide the greatest benefit per expenditure. 
 

Table 1. Proposed and Actual Completion Dates 

OBJECTIVE PROPOSED 
COMPLETION DATE 

ACTUAL 
COMPLETION DATE 

1.  Tributary Monitoring October 2000 November 2000 
2.  QA/QC October 2000 November 2000 
3.  AGNPS December 2000 November 2001 
4.  Public Involvement March 2001 December 2002 
5.  Channel Analysis October 2000 June 2002 
6.  Storm Sewer Monitoring October 2000 November 2000 
7.  Restoration Alternatives March 2001 January 2003 
8.  Final Report July 2001 January 2003 
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Table 2.  Proposed and Actual Objective Completion Dates 
Moccasin Creek Proposed and 
Actual Objective Completion 1999 2000 2001 2002 2003
Dates J-M A-J J-S O-D J-M A-J J-S O-D J-M A-J J-S O-D J-M A-J J-S O-D J-M A-J J-S O-D

Tributary Monitoring

QA/QC

Watershed Analysis

Public Involvement

Channel Analysis

Storm Sewer Monitoring

Restoration Alternatives

Final Report

Proposed    Actual  
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Monitoring Results 
 
Surface Water Chemistry 
 
Flow Calculations 
 
A total of 15 monitoring sites were selected along Moccasin Creek, which is a primary tributary of 
the James River.  Of the 15 monitoring sites, eight sites were in-stream and seven were storm sewer 
discharge pipes from the city of Aberdeen’s storm water system.  The sites were selected to 
determine which portions of the watershed were contributing the greatest amount of nutrient and 
sediment load to the creek.  The in-stream sites were equipped with Stevens Type F stage recorders.  
The remaining storm sewer sites were equipped with ISCO model 6700 flow meters which are 
capable of measuring depth and collecting samples.  Water stages were monitored and recorded to 
the nearest 1/100th of a foot for each of the eight in-stream sites.  A Marsh-McBirney Model 210D 
flow meter and an AquaCalc 5000 open-channel flow computer were used to measure flows at 
various water levels in Moccasin Creek.  The stages and flows were then used to create a 
stage/discharge table for each monitoring site.  Stage-to-discharge tables may be viewed in 
Appendix D of this report. 
 
Load Calculations 
 
Total nutrient and sediment loads were calculated with the use of the U.S. Army Corps of Engineers 
eutrophication model known as FLUX.  FLUX uses individual sample data in correlation with daily 
average discharges to develop six loading calculations for each given parameter.  As recommended 
in the application sequence, a stratification scheme and method of calculation was determined using 
the total phosphorus load.  This stratification scheme is then used for each of the additional 
parameters.  The stratification scheme and calculation methods used for Moccasin Creek are listed 
in the following table.  Sample data collected for Moccasin Creek may be found in Appendix E of 
this report.   
 

Table 3.  Flux Calculation Methods 

SITE STRATIFICATION SCHEME CALCULATION METHOD 
MC1 2 strata - Seasonal Q WTD C 
MC2 2 strata - Flow AV Load 

  MC2A  3 strata - Flow Q WTD C 
MC3 2 strata - Flow Q WTD C 
MC4 2 strata - Flow Q WTD C 
MC5 2 strata - Flow Q WTD C 
MC6 3 strata - Flow Q WTD C 
MC7 3 strata - Flow Q WTD C 

 
Tributary Sampling Schedule 
 
Water samples were collected at the eight in-stream monitoring sites on Moccasin Creek from the 
spring of 1999 through the fall of 2001.  Most samples were collected using an integrated suspended 
sediment sampler.  The sites that were equipped with GLS auto-sampling units sampled on their 
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own and samples were usually collected within a few hours of the sample time.  Water samples 
were then filtered, preserved, and packed in ice for shipping to the State Health Laboratory in 
Pierre, SD, for analysis.  The laboratory assessed the following parameters: 
 
Fecal Coliform Counts    Alkalinity 
Total Solids      Total Dissolved Solids 
Total Suspended Solids    Ammonia 
Nitrate       Total Kjeldahl Nitrogen (TKN) 
Total Phosphorus     Volatile Total Suspended Solids 
Total Dissolved Phosphorus    Un-ionized Ammonia 
E. coli Bacteria Counts 
 
Personnel conducting the sampling at each of the sites recorded visual observations of weather and 
stream characteristics.   
 
Precipitation      Wind 
Odor       Presence of Fish 
Film       Turbidity 
Water Depth Ice Cover 
Water Color 
 
Parameters measured in the field by sampling personnel were: 
 
Water Temperature Air Temperature 
Dissolved Oxygen Field pH  

 

South Dakota Water Quality Standards 
 
The State of South Dakota assigns two of the eleven beneficial uses to all streams and rivers (fish 
and wildlife propagation, recreation and stock watering (9) as well as irrigation (10)).  All portions 
of Moccasin Creek located within the Moccasin Creek watershed must maintain the criteria that 
support these uses.  In order for the creek to maintain these uses, there are seven standards that must 
be maintained.  These standards, as well as the water quality values that must be met, are listed in 
Table 4 below. 
 

Table 4.  State Water Quality Standards 

Site Parameter Criteria 

All Sites Nitrate 

Average <50 mg/L for 3-samples in separate weeks within a 30-day period 
 

<88 mg/l 
(single sample) 

All Sites Alkalinity 

Average <750 mg/L for 3-samples in separate weeks within a 30-day period 
 

<1,313 mg/L 
(single sample) 
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All Sites Total Dissolved 
Solids 

Average <2,500 mg/L for 3-samples in separate weeks within a 30-day period 
< 4,375 mg/L daily maximum for a grab sample 

All Sites Conductivity 
<2,500μmhos (mean) 

<4,375μmhos 
(single sample) 

All Sites 
Total Petroleum 

Hydrocarbon 
Oil and Grease 

<10 mg/L 
<10 mg/L 

All Sites Sodium Adsorption 
Ratio <10 

MC-1, MC-7 pH > 6.0 and <9.5 su 

*MC-2a, MC-2, 
MC-3, MC-4, 
MC-5, MC-6 

pH > 6.0 and <9.0 su 

*MC-2a, MC-2, 
MC-3, MC-4, 
MC-5, MC-6 

DO > 4.0 mg/L 

*MC-2a, MC-2, 
MC-3, MC-4, 
MC-5, MC-6 

Fecal Coliform 
geometric mean <1,000 colonies per 100 mg/ L for 5-samples in separate 24-hour 

periods for any 30-day period 
<2,000 mg/L daily maximum for a grab sample 

*MC-2a, MC-2, 
MC-3, MC-4, 
MC-5, MC-6 

Total Suspended 
Solids 

Average <150 mg/L for 3-samples in separate weeks within a 30-day period 
< 263 mg/L daily maximum for a grab sample 

*MC-2a, MC-2, 
MC-3, MC-4, 
MC-5, MC-6 

Temperature <90 degrees F 

*MC-2a, MC-2, 
MC-3, MC-4, 
MC-5, MC-6 

Un-ionized Ammonia <0.05 mg/L 

*MC-2a, MC-2, 
MC-3, MC-4, 
MC-5, MC-6 

Undisassociated 
Hydrogen Sulfide 

<0.002 mg/L 
(single grab) 

 
 
Seasonal Loading 
 
Seasonal loadings to Moccasin Creek were heavily influenced by summer runoff during the project 
period.  Snowmelt and spring rainstorm events played a smaller role in loading.  Table 5 depicts the 
percentage of discharge occurring in the watershed that entered the creek at different times of the 
sampling season.  As shown in the chart below, in 1999 and 2000, over 45% of the seasonal loading 
came during the months of June, July, and August.  Runoff events that occurred during the 
remainder of the year had a smaller impact on the water quality of Moccasin Creek.  All BMPs 
implemented within the watershed should be designed with maximum protection to the creek 
provided during the summer months.  However, spring and fall should also be taken into 
consideration due to the year-to-year variability in the pattern of rainfall and snowfall. 
 

Table 5.  Estimated seasonal Loading for Moccasin Creek to the James River 
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Date (1999 and 
2000) 

Days Total Phosphorus 
Average Monthly Total 

Discharge (KG) 

Seasonal Percent of 
Total Discharge 

March 1 166  
April 30 3,649 
May 31 3,269 

27.7% 

June 30 3,130 
July 31 4,612 

August 31 3,849 
45.4% 

September 30 2,920 
October 31 3,602 

November 3 344 
26.9% 

 
 
Water Quality Analysis 
 
The following sections will discuss the concentrations and loadings for each parameter sampled 
during the project.  Parameter loads and their standard errors (CV) were calculated through the use 
of the FLUX model (U.S. Army Corps of Engineers loading model) for the eight in-stream 
monitoring stations on Moccasin Creek. 
 
Water Budget 
 
Flows at site MC-1 and MC-2A were minimal compared to the flows at the treatment plant (MC-2) 
and at Foot Creek (MC7).  The combined flows at MC-2 and MC-7 made up over half of the total 
flow of Moccasin Creek.  Due to the flat nature of the area (0.02% slope), backflows from 
constrictions downstream on Moccasin Creek and backflows from the James River greatly affected 
gaging at sites MC-4, MC-5, and MC-6.  Water flowing downstream was either held up by the 
restrictions (cattle crossings or undersized culverts) or was distributed out over a flat topography 
that, in turn, gave an unreliable reading at the downstream sites (MC-4, MC-5, and MC-6).  Data 
shows a loss of water at these locations compared to the amount of water that was gaged at the 
upstream sites. 
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Figure 3.  Hydrologic Loading in Acre-Feet By Season For Moccasin Creek, Brown County, 
South Dakota 
 
 
Water Temperature 
 
Water temperature is of great importance to any aquatic ecosystem.  Many organisms and biological 
processes are temperature sensitive.  Blue-green algae tend to dominate warmer waters while green 
algae tend to prefer cooler conditions.  Water temperature also plays an important role in physical 
conditions.  Oxygen dissolves in higher concentrations in cooler water as cooler water has the 
capacity to hold more dissolved oxygen than warm water.  The toxicity of un-ionized ammonia is 
also directly related to warmer temperatures.  
 
The water temperature in Moccasin Creek exhibited little variation from site to site.  Temperatures 
showed seasonal variations that are consistent with its geographic location, steadily increasing in 
the spring and summer and consistently decreasing in the fall and winter.  It can be reasonably 
expected that during most years the in-stream temperatures would be within a few degrees of the 
project data at their respective dates. 
 
The lowest water temperatures were recorded in the spring and fall, as expected.  Samples were not 
collected in the winter.  The peak annual temperatures were reached during the summer months of 
July and August.  One temperature reading exceeded the state standard of 32.2 degrees Celsius (90 
degrees Fahrenheit) for Moccasin Creek in July, 2000.  It is believed that hot temperatures during 
low flows warmed the stained, shallow water of Moccasin Creek to exceed this standard (Figure 4). 
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Figure 4.  Water Temperature For Moccasin Creek, Brown County, South Dakota  
 
 
Fecal Coliform Bacteria 
 
Fecal coliform bacteria are found in the waste of warm-blooded animals.  Some common types of 
bacteria are E. coli, Salmonella, and Streptococcus, which are associated with livestock, wildlife, 
and human waste (Novotny, 1994).  Fecal Coliform is used as an indicator to determine if 
pathogens may be present in a waterbody.   
 
Portions of Moccasin Creek are listed for the beneficial uses of limited contact recreation and 
warmwater marginal fishlife propagation waters.  Fecal coliform standards are assigned to the 
limited contact recreation beneficial use which begins at site MC-4 on Moccasin Creek.  At the time 
the study took place, only sites MC-4, MC-5 and MC-6 had fecal coliform standards.  The fecal 
coliform standard for a single grab sample is 2,000 colonies per 100 mL.  A total of 201 fecal 
coliform samples were collected during the Moccasin Creek project. 
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Figure 5.  Fecal Coliform Bacteria Concentrations For Moccasin Creek, Brown County, South 
Dakota 

 
 
Table 6 below shows the fecal coliform exceedences during the project period for single grab 
samples.  The most likely source of these exceedences are probably from animal waste run-off, 
septic discharge, or bacteria existing in the sediment.  Point sources do not appear to be the cause of 
the fecal coliform exceedences for the following reasons: 
 

(1) during the time when standards were in affect, the city wastewater treatment 
facility was using chlorination to treat fecal coliform;  
 
(2) the only other point source in the watershed is the city of Warner’s municipal 
wastewater treatment ponds.  The city of Warner’s only recorded discharge 
occurred after sampling for the assessment was complete. 
 
 

Table 6.  Sites Exceeding Fecal Coliform Standards 

 
Site Date Colonies/100mL
MC5 4/20/00 6,700 
MC5 5/9/00 7,700 
MC5 10/30/00 2,400 
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MC6 5/8/00 12,000 
MC6 7/12/00 3,800 

 
 
In November 2002, the Board of Water and Natural Resources reclassified Moccasin Creek to 
include the reach from Melgaard Road in Aberdeen to the James River.  This would include all sites 
sampled during the project except sites MC-1 and MC-7.  The city of Aberdeen has made plans to 
upgrade its wastewater treatment to meet this new classification.   
 
Site MC-2A is located at Melgaard Road above the treatment plant.  Fecal samples collected at this 
site would have been in violation of state standards had the standards been in affect at that time. 
 
DNA ribotyping analysis was conducted on each of the seven storm sewer sites (Figure 6) on a 
storm event that occurred in November 2002.  DNA ribotyping makes it possible to determine if a 
E. coli source is human or non-human.  It was noted that E. coli from human sources were found in 
samples collected from storm sewer sites MCSS1, MCSS2, MCSS4, and MCSS6.  The exact 
location of the contamination point within the city’s storm sewers is unknown at this time.  Other 
possible sources of E. coli found in the storm sewers included wildlife, bovine, and avian sources.  
Due to the natural variation in fecal coliform sampling and the fact that only one sample was 
collected during the project period, additional bacterial source sampling will be necessary before a 
fecal coliform TMDL can be written.  Results of the DNA fingerprinting for E. coli can be found in 
Appendix C of this report. 
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Figure 6.  Moccasin Creek Storm Sewer Sites 
 
 
Alkalinity 
 
A lake’s total alkalinity affects the ability of its water to buffer against changes in pH.  Total 
alkalinity consists of all dissolved electrolytes (ions) with the ability to accept and neutralize 
protons (Wetzel, 2000).  Historically, the term alkalinity referred to the buffering capacity of the 
carbonate system in water.  Today, alkalinity is used interchangeably with acid neutralizing capacity 
(ANC), which refers to the capacity to neutralize strong acids such as HCL, H2SO4 and HNO3.  
Alkalinity in water is due to any dissolved species (usually weak acid anions) with the ability to 
accept and neutralize protons (Wetzel, 2000).  Due to the abundance of carbon dioxide (CO2) and 
carbonates, most freshwater contains bicarbonates as its primary source of alkalinity.  Alkalinity is 
commonly found in concentrations as high as 200 mg/L.  Natural concentrations typically range 
from 20 mg/L to 200 mg/L (Lind, 1985).  
 
The alkalinity in Moccasin Creek varied from a low of 57 mg/L in May of 2000 to a peak value of 
over 471 mg/L during November of 2000.  During the spring and summer, photosynthesis carried 
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on by algae and macrophytes utilizes a portion of the alkalinity. Ice cover and cold temperatures 
reduce this action during the fall and winter months allowing decomposition on the stream bottom 
to cause greater accumulation of carbon dioxide and bicarbonates in the water column. 
 
 

Figure 7.  Alkalinity Concentrations For Moccasin Creek, Brown County, South Dakota 
 
 
pH 
 
pH is a measure of free hydrogen ions (H+) or potential hydrogen.  More simply, it indicates the 
balance between acids and bases in water.  It is measured on a logarithmic scale between 0 and 14 
and is recorded as standard units (su).  At neutrality (pH of 7) acid ions (H+) equal the base ions 
(OH-).  Values less than 7 are considered acidic (more H+ ions) and greater than 7 are basic (more 
OH- ions).  Algal and macrophyte photosynthesis act to increase a lake’s pH.  The decomposition of 
organic matter will reduce the pH.  The extent to which this occurs is affected by the lake’s ability 
to buffer against changes in pH.  The presence of high alkalinity (>100-200 mg/L) represents 
considerable buffering capacity and will reduce the effects of both photosynthesis and decay in 
producing large fluctuations in pH. 
 
pH concentrations exhibited only small differences between sites at Moccasin Creek.  State 
standards require that the pH of Moccasin Creek be maintained between the values of 6.0 and 9.0.  
The single highest pH in Moccasin Creek of 9.69 was recorded at site MC-4 in March 2000 which 
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exceeds state water quality standards.  Site MC-4 had three additional readings over 9.00 in 2000.  
Site MC-5 had one exceedence in 1999 and seven in 2000.  The lowest pH of 7.05 was taken in 
March, 1999.  Values of pH over 9.00 are believed to have occurred due to a naturally high 
concentration of pH in the soil of the watershed or low stream flows and more evaporation probably 
due to algae growth. 
 
 

Figure 8.  pH Concentrations For Moccasin Creek, Brown County, South Dakota 

 
 
Dissolved Oxygen 
 
There are many factors that influence the concentration of dissolved oxygen (DO) in a stream.  
Temperature is one of the most important of these factors.  As the temperature of water increases, 
its ability to hold DO decreases.  Daily and seasonal fluctuations in DO may occur in response to 
algal and bacterial action (Bowler, 1998).  As algae photosynthesize during the day, they produce 
oxygen, which raises the DO concentration.  As photosynthesis ceases at night, respiration utilizes 
available oxygen causing a decrease in concentration.  During winters with heavy snow cover and 
times of heavy algal blooms, light penetration may be reduced to the point that the algae and aquatic 
macrophytes in the stream cannot produce enough oxygen to keep up with consumption 
(respiration) rates.  This results in oxygen depletion and may ultimately lead to a fish kill. 
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Oxygen levels in Moccasin Creek increased downstream.  Upstream samples from site MC-1 to 
MC-2 showed significantly less DO then those taken at downstream sites.  There were eleven DO 
readings at site MC1 that were <5 mg/L, five at MC-2A, four at MC-2, and two at MC-3.  These 
low levels were recorded during the summer months when water temperatures were at their highest.  
In October, water temperatures were cooling, the DO levels began to rise.  Sites MC-4, MC-5, and 
MC-6 never had a DO reading below the state water quality standard (>5.0 mg/L) for Moccasin 
Creek.  It is believed that low flows on the northern end of Moccasin Creek along with shallow 
water over organic rich sediment contributed to the low DO levels.  It is also believed that higher 
levels of DO were present in lower Moccasin Creek due to deeper water, increased algal production, 
increased flows from Foot Creek, and the city of Aberdeen’s wastewater treatment plant.  DO levels 
at site MC-2A showed over 10% water quality exceedence according to fishery standards.  The 
segment upstream of MC-2A will require a TMDL (Appendix F).   
 
 

 
Figure 9.  Dissolved Oxygen Concentrations For Moccasin Creek, Brown County, South 
Dakota 

 
 
Solids 
 
Total solids are the sum of all dissolved and suspended solids as well as all organic and inorganic 
materials that are found in a given volume of water.  Dissolved solids are typically found at higher 
concentrations in ground water, and typically constitute the majority of the total solids 
concentration.  Solids are addressed as four separate parts in the assessment; total solids, dissolved 
solids, suspended solids, and volatile suspended solids. 
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The state standard for dissolved solids is a mean of 2,500 mg/L or a single-sample maximum of 
4,375 mg/L.   
 
Moccasin Creek exhibited a large variation in total solids concentrations throughout the course of 
the sampling period.  Peak values were observed in May 1999 at 2731 mg/L at site MC2.  The 
lowest values were observed during the early summer samples collected in May 2000 at 183 mg/L 
at site MC6. 
 
Total Suspended Solids 
 
Suspended solids consist of particles of soil and organic matter that may be deposited in stream 
channels and lakes in the form of silt.  Silt deposition into a stream bottom buries and destroys the 
complex bottom habitat.  This habitat destruction reduces the diversity of aquatic insect, snail, and 
crustacean species.  Shallow water increases and maintains higher temperatures. 
 
Suspended solids concentrations in Moccasin Creek remained fairly low throughout the course of the 
year.  The lowest concentrations were recorded at site MC-1 at 1 mg/L.  It is believed the 
concentrations at MC1 are lower because the water sampled was base flow groundwater trickling into 
Moccasin Creek.  During runoff events, the concentrations increase.  There were seven samples 
collected throughout the course of the sampling period that exceeded the <150 mg/L state standard.  
The highest recorded suspended solids concentration was recorded in May 2000 at 224 mg/L (site 
MC-4).  These higher concentrations of suspended solids were likely caused by algae blooms and/or 
light inorganic sediment or silt moving down the creek. 
 
Volatile Suspended Solids 
 
Volatile suspended solids followed the same trend as the total suspended solids with increased 
concentrations below Foot Creek and the city of Aberdeen’s wastewater treatment plant.  Lower 
concentrations were noted at sites MC-1 and MC-2 above Foot Creek and the treatment plant.  Sites 
MC-4, MC-5, and MC-6 make up nearly 80% of the total volatile suspended solids loads.  This is 
probably caused from algal blooms in that section of Moccasin Creek. 
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Figure 10.  Total Suspended Solids Loadings By Season For Moccasin Creek, Brown County, 
South Dakota 

Figure 11.  Total Volatile Suspended Solids Loading By Season For Moccasin Creek, Brown 
County, South Dakota 
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Nitrate/Nitrite 
 
The water quality standards for wildlife propagation, recreation, and stock watering require that 
nitrate concentrations remain below 50 mg/L mean over any 30-day period of time and 88 mg/L for 
any single sample.  The laboratory detection limit for nitrates is <0.1 mg/L.  67.5% of the nitrate 
samples collected from Moccasin Creek were at or below the detection level.  There were no nitrate 
samples that exceeded state water quality standards.  The single highest estimated nitrate sample on 
Moccasin Creek was collected in the spring of 1999 at MC4 at 1.3 mg/L which correlates with the 
single highest estimated seasonal loading of 4,201 kg at the same site. 
 
As a standard testing procedure, nitrates and nitrites are measured and recorded together.  This form 
of nitrogen is inorganic and readily available for plant use.   
 
 

Figure 12.  Nitrate Loading By Season For Moccasin Creek, Brown County, South Dakota 
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Figure 13.  Nitrate Concentrations For Moccasin Creek, Brown County, South Dakota 
 
 
Ammonia 
 
Ammonia may be found in two forms, ionized and unionized.  The unionized form can be 
extremely toxic to fish.  The unionized fraction of ammonia is dependent on pH and temperature.  
As these two parameters increase, so does the unionized fraction of ammonia.  Ammonia tends to 
remain in its ionic form (NH4+) except under higher alkaline conditions (pH > 9.0) (Wetzel 2000).  
Unionized levels in excess of 5% are lethal to fish and other aquatic life.   
 
On Moccasin Creek, state standards for ammonia begin to be applicable at site MC4 where the 
creek is considered a fishery and standards are in effect.  Violations on March 29, 1999, March 22, 
1999, March 23, 2000, April 20, 2000, June 5, 2000, and November 11, 2000 were most likely 
caused by discharge from the city of Aberdeen’s wastewater treatment plant.  Violations on 
September 7, 1999 and October 27, 2000 were most likely caused by run-off from animal feeding 
operations or break down of organic material in sediments of the creek.  At site MC-2 and MC-3 
(directly below Aberdeen’s treatment plant) standards are not in affect because that portion of 
Moccasin Creek is not considered a fishery.  Data shows there were 29 samples collected at MC-2 
of which 16 samples would exceed state water quality standards if standards were in affect in this 
area.  At site MC-3, 26 samples were collected and 12 samples would exceed standards. In the 
spring and fall of 2000, site MC-2 contributed up to 70% of the total inorganic nitrogen (ammonia 
plus nitrate) to Moccasin Creek. 
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Figure 14.  Ammonia Loadings By Season For Moccasin Creek, Brown County, South Dakota 

 
 
TKN 
 
TKN contains both ammonia and organic nitrogen.  Typically organic nitrogen is the larger of the 
two components in TKN.  However, because of the large ammonia discharges from the wastewater 
treatment plant, this is not always the case in Moccasin Creek.  These individual components have 
already been discussed earlier in this report. 
 
Inorganic Nitrogen 
 
Inorganic nitrogen is the sum of the nitrate/nitrite and ammonia measurements and is a more plant-
available form of nitrogen.  The majority of the inorganic nitrogen was found at sites MC-2 and 
MC-3 located below the wastewater treatment plant.  At this same location, the ammonia 
concentrations were also highest of all sites on Moccasin Creek.  With increased concentrations of 
ammonia at site MC-2, one would expect to find higher amounts of total inorganic nitrogen at the 
site.  In the spring and fall of 2000, site MC-2 contributed nearly 65% of the total inorganic nitrogen 
to Moccasin Creek.  The single highest calculated inorganic nitrogen concentration on Moccasin 
Creek was collected at site MC-2 in the fall of 2000 at 19.40 mg/L. 
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Figure 15.  Inorganic Nitrogen Loading By Season For Moccasin Creek, Brown County, 
South Dakota 
 
 
Organic Nitrogen 
 
Organic nitrogen is calculated using TKN concentration minus the ammonia concentration.  The 
majority of the organic nitrogen found in Moccasin Creek is found at sites MC-3, MC-4, MC-5, and 
MC-6.  Site MC-2 loads the system with a lot of inorganic nitrogen and as the inorganic nitrogen 
moves downstream, plants such as algae, use and consume inorganic nitrogen for growth.  Dead or 
decaying plants can be a source of organic nitrogen.  This process best explains the reason why 
there is less organic nitrogen at site MC-2.  Organic nitrogen increases as inorganic decreases when 
sampling downstream.  The single highest calculated concentration of organic nitrogen was 
collected at site MC-3 on August 24, 2000 at 8.78 mg/L.   
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Figure 16.  Organic Nitrogen Loading By Season For Moccasin Creek, Brown County, South 
Dakota 
 
 
Total Nitrogen 
 
Nitrogen is analyzed in three forms: nitrate/nitrite, ammonia, and Total Kjeldahl Nitrogen  (TKN).  
From these four forms, total, organic, and inorganic nitrogen may be calculated.  Nitrogen 
compounds are major cellular components of organisms.  Because its availability may be less than 
the biological demand, environmental sources may limit productivity in freshwater ecosystems.  
Nitrogen is difficult to manage because it is highly soluble and very mobile in a given water body.  
In addition, there are bacterial species and species of blue-green algae capable of fixing atmospheric 
nitrogen for use by algae resulting in a virtually limitless supply of nitrogen for algae and plants.   
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Figure 17.  Total Nitrogen Concentrations For Moccasin Creek, Brown County, South Dakota 
 
 
Data shows that the majority of total nitrogen loading to Moccasin Creek occurred at sites MC-2, 
MC-3, and MC-4.  The high loadings are believed to be caused by the city of Aberdeen’s 
wastewater treatment plant and runoff from animal feeding operations.  Samples collected at 
downstream sites on the same days indicated that total nitrogen dropped off, suggesting that plants 
were consuming some of the nitrogen.  Total nitrogen loadings at the two upstream sites MC-1 and 
MC-2A, remained relatively low at the same time. 
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Figure 18.  Total Nitrogen Loading By Season For Moccasin Creek, Brown County, South  
Dakota 
 
 
Total Phosphorus 
 
Phosphorus is one of the macronutrients required for primary production.  When compared with 
carbon, nitrogen, and oxygen, it is typically the least abundant (Wetzel, 2000).  Phosphorus loading 
to lakes can be of an internal or external nature.  External loading refers to surface runoff over land, 
dust, and precipitation.  Internal loading refers to the release of phosphorus from the bottom 
sediments to the water column of the stream.  Total phosphorus is the sum of all attached and 
dissolved phosphorus in the lake.   

 
Sites MC-1 and MC-2A contributed very little to the total phosphorus loading to Moccasin Creek.  
The remainder of the sites had large impacts on total phosphorus loading.  The single highest 
phosphorus sample was taken from site MC-4 in the summer of 2000 at 3.22 mg/L.  The lowest 
total phosphorus single sample was taken from site MC-7 in the spring of 2000 at 0.102 mg/L.  
When looking at seasonal loadings, the highest loading occurred in the summer of 1999 at 18,442 
kg. 
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Figure 19.  Total Phosphorus Loading By Season For Moccasin Creek, Brown County, South 
Dakota 

 
 
Total Dissolved Phosphorus 

 
Total dissolved phosphorus is the unattached portion of the total phosphorus load.  It is found in 
solution, but readily binds to soil particles when they are present.  Total dissolved phosphorus, 
including soluble reactive phosphorus, is more readily available to plant life than attached 
phosphorus.  Typically, there is an indirect relationship between the percentage of dissolved 
phosphorus (39.57%) and the total suspended solids concentrations.  This relationship does not 
appear to exist in Moccasin Creek.  When looking at seasonal loadings, the highest loading occurred 
in the summer of 1999 at 10,501 kg.  
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Figure 20.  Total Dissolved Phosphorus Loadings By Season For Moccasin Creek, Brown 
County, South Dakota 
 
 
Nitrogen 
 
Nitrogen is assessed in four forms: nitrate/ nitrite, ammonia, and Total Kjeldahl Nitrogen  (TKN).  
From these four forms, total, organic, and inorganic nitrogen may be calculated.  Nitrogen 
compounds are major cellular components of organisms.  Because its availability may be less than 
the biological demand, environmental sources may limit productivity in freshwater ecosystems.  
Nitrogen is difficult to manage because it is highly soluble and very mobile in water. 
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Figure 21.  Total Phosphorus Concentrations For Moccasin Creek, Brown County, South 
Dakota 
 
 
Tributary Site Summary 
 
As discussed in the “watershed overview” section of the AGNPS report, the majority of the 
loadings to Moccasin Creek for nutrients and sediment comes from sites MC4, MC5, and MC6.  
Sub-watersheds MC4, MC5, and MC6 contribute 75% of the total sediment loading to the creek, 
hold all of the critical erosion cells in the Moccasin Creek watershed, and contain 61% of the total 
acreage of the entire watershed.  Suspected sources of erosion are areas with a slope greater than 
2.5% in combination with low grade soils and poor vegetative cover.  Nutrient analysis produced 
similar results.  The same sub-watersheds (MC4, MC5, and MC6) contributed 75% of the total 
nitrogen loading and most of the phosphorus loading. 
 
 
 Biological Monitoring 
 
Fishery 
 
The fish community in Moccasin Creek was sampled in 2002 using the electro-fishing method for 
gathering fish.  A final report was published on the findings of the study conducted by the South 
Dakota Department of Environment and Natural Resources (SD DENR).  Data sheets were 
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completed by DENR staff showing fish species, length, date and time fish were caught.  Moccasin 
Creek contains several different species of fish, but is not considered a major fishery in the area.  
Black bullhead populations dominate the Moccasin Creek fishery.  Other fish found during the 
study include carp, fathead minnows, brook stickleback, and channel catfish.  Most fish measured 
during the study were four to six inches in length.  State fishing regulations apply to Moccasin 
Creek. 
 
The South Dakota Game, Fish, and Parks (SDGF&P) department was contacted regarding the fish 
community on Moccasin Creek but fisheries information was not available. 
 
Threatened and Endangered Species 
 
There are no threatened or endangered species documented in the Moccasin Creek watershed 
according to Doug Backlund, SDGF&P.  The US Fish and Wildlife Service lists the whooping 
crane and bald eagle as species that could potentially be found in the area.  None of these species 
were encountered during this study; however, care should be taken when conducting mitigation 
projects in the Moccasin Creek watershed. 
 
Bald eagles typically prefer large trees for perching and roosting.  There is no confirmed 
documentation of bald eagles within the Moccasin Creek watershed, little impact to the species 
should occur.  Any mitigation processes that take place should avoid the destruction of large trees 
that may be used as eagle perches. 
 
Whooping cranes have never been documented in the Moccasin Creek watershed.  Sightings in this 
area are likely only during fall and spring migration.  When roosting, cranes prefer wide, shallow, 
open water areas such as flooded fields, marshes, artificial ponds, reservoirs, and rivers.  Their 
preference for isolation and avoidance of areas that are surrounded by tall trees or other visual 
obstructions makes it unlikely that they will be present in the project area to be negatively impacted 
as a result of the implementation of BMPs.  If whooping cranes are sighted during the 
implementation of mitigation practices, all disruptive activities should cease until the bird(s) leave 
the area. 
 
Although there have never been any confirmed documentations of the western prairie fringed orchid 
in this watershed, habitat suitable for its survival does exist.  Western prairie fringed orchid grows 
in tall grass prairies and meadows. Wetland draining and the conversion of rich soil prairies to 
agricultural cropland threaten the orchid’s survival.  Overgrazing, improper use of pesticides, and 
collecting also threaten its survival (Missouri, 2001).  Proposed BMPs for the Moccasin Creek 
watershed should reduce the occurrence of overgrazing, ultimately enhancing the condition of local 
wetlands and increasing the survivability of this species, if it were ever to grow there. 
 
Benthic Macroinvertebrates 
 
The biological data was collected over a 45-day period during late summer and early fall of 2000.  
Rock baskets were the method of choice for collecting benthic macroinvertebrates during this 
designated index period.  A description of the rock baskets and how they were deployed can be 
found in the standard protocols for the South Dakota Water Resources Assistance Program (SOP-
SDWRAP).  The macroinvertebrates were collected and shipped to a private consultant for 
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identification and enumeration according to the SOP for SDWRAP.  A standard count of 300 
organisms was used in the calculation of 45 metrics (Table 7).  
 
Testing of Candidate Metrics   
 
The benthic macroinvertebrate community can be characterized through a wide variety of metrics.  
Each metric detects differences in the benthic community.  The goal of calculating an adequate 
number of metrics and comparing them across varying site conditions and/or river basins is to be 
able to identify which metrics do a better job at discriminating between the site conditions.  
 
A metric is a mathematical characterization of the aquatic macroinvertebrate community using the 
presence or absence of various genera/species of macroinvertebrates within a stream.  Each group of 
insects (or lack thereof) can be used as indicators as to the health of the aquatic community and 
serve as long-term indicators of the water quality within the stream or lake.  
 
The 45 metrics shown in Table 7 were calculated for each of the individual rock baskets (three 
baskets per site, (MCT-6 had one basket vandalized) for a total of 14 rock baskets).  The three 
replicates (baskets at MCT-2, MCT-3, MCT-4 and MCT-7) determine which metrics had greater 
sensitivity for detecting differences between sampling sites.  These 45 metrics were screened for 
their ability to detect changes between sampling sites (Table 7).  All metrics fell into one of five 
general categories: taxonomic composition, taxonomic richness or abundance, feeding or trophic 
groups, life habit and degree of tolerance to stress in the environment. 
 
Figure 22 illustrates how the statistical values are displayed for a box and whisker plot.  This type of 
plot displays the minimum, maximum, and median values for a series of data points (metric values 
for the rock baskets).  The outliers and extreme values are also calculated for the data set.  The 
interquartile range or IQR in Figure 22 is that range of values between the 25th and 75th percentiles 
of the data points.  The whiskers in the plot graphically refer to the minimum and maximum values 
that fall within the non-outlier range (Statsoft, 2000).  After identifying which metrics exhibited the 
strongest differences between MCT-2, MCT-3, MCT-4 and MCT-7, box and whisker plots were 
used to display four of the five metrics.   
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Figure 22.  Example Of A Box And Whisker Plot 
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Table 7.  Metrics Calculated for the Moccasin Creek Watershed Assessment 

Category # Metric Expected Response to Increasing Disturbance
Abundance Measures 1 Corrected abundance Variable 

 2 EPT  abundance1 Decrease 
 3 total taxa Decrease 

Dominance Measures 4 % 1 dominant taxon Increase 
 5 % 2 dominant taxa Increase 
 6 % 3 dominant taxa Increase 

Richness Measures 7 Species richness Decrease 
 8 EPT richness Decrease 
 9 Ephemeroptera richness Decrease 
 10 Trichoptera richness Decrease 

Community Composition 11 % Ephemeroptera Decrease 
 12 % Trichoptera Decrease 
 13 % EPT Decrease 
 14 % Coleoptera Decrease 
 15 % Diptera Increase 
 16 % Baetidae Increase 
 17 % Chironomidae Increase 
 18 % Oligochaeta Increase 
 19 % Ephemerellidae Decrease 
 20 % Hydropsychidae Increase 
 21 % Odonata Increase 
 22 % Simuliidae Increase 

Functional Group Composition 23 % filterers Increase 
 24 % gatherers Decrease 
 25 % predators Decrease 
 26 % scrapers Decrease 
 27 % shredders Decrease 
 28 filterer richness Decrease 
 29 gatherer richness Decrease 
 30 predator richness Decrease 
 31 scraper richness Decrease 
 32 shredder richness Decrease 

Diversity/Evenness Measures 33 Shannon-Weaver H' (log 10) Decrease 
 34 Shannon-Weaver H' (log 2) Decrease 
 35 Shannon-Weaver H' (log e) Decrease 
 36 Hilsenhoff Biotic Index (HBI) Increase 
 37 Margalef's Richness Decrease 
 38 Metals Tolerance Index Increase 
 39 Pielou's J' Decrease 
 40 Simpson's Heterogeneity Decrease 
 41 Jaccard Similarity Index Decrease 
 42 Percent Similarity Decrease 

Habit Metrics 43 Long-lived taxa richness Decrease 
 44 Clinger richness Decrease 
 45 % tolerant taxa Increase 

1=Ephemeroptera, Plecoptera, Trichoptera 
Shaded metrics = Moccasin Creek core metrics. 
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Metrics were analyzed with a Kruskal-Wallis non-parametric test to determine if the metrics values 
differed between sites (df=3, n=14).  Table 8 shows metrics that exhibited the strongest differences 
between all four sampling sites (core metrics).  Core metrics chosen need to be selected from five 
main separate categories as well.  In other words, there should not be five metrics chosen that fall 
within the taxonomic richness category.  This is done to reduce the redundancy or the chance that 
two different metrics may be providing the same information.   

 

Table 8.  Kruskal-Wallis Analysis P-Values For Five-Core Metrics Chosen For Moccasin 
Creek 

 
Metric Differences between Sites((df=3, N=14) P values <0.05) 
EPT Abundance 0.02 
Percent Oligochaeta 0.02 
Hilsenhoff Biotic Index  0.04 
Species Richness 0.02 
Percent Scrapers 0.03 
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Figure 23.  Core Metrics For Moccasin Creek 
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Metric Standardization 
 
After the core metrics were determined from the Moccasin Creek rock basket data, all five metrics 
were incorporated into a multi-metric index.  Each of the five metrics shown in Table 8 is a 
different measure of the benthic community.  All five metrics were chosen because of their ability 
to show differences in conditions between sampling sites.  The five individual metrics were 
averaged into a single multi-metric index.  Each metric was scored on a standardized scale of 0 to 
100.  This gives equal weight to each metric, i.e. no metric is more important than any other (Tetra 
Tech, 2000).   Those metrics which have increasing values due to decreasing perturbation are easily 
converted to a 100-point scale using the following process:  of the five core metrics from Moccasin 
Creek, species richness, percent scraper, and EPT abundance are metrics that increase with 
decreasing perturbation.  To convert these metrics to a standard 100-point scale (0=worst and 
100=best) the following equation is used: 
 

(Equation 1)   100
min95

×
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

−
=

XX
Xscore  

   
where,     X = the metric value 
 X95  = the 95th percentile value 
 Xmin = the minimum possible value, usually 0. 
 

The 95th percentile (standard) value of the data distribution for each metric that increases with 
decreasing perturbation is used as the highest value possible.  This is used as a quality control 
mechanism for reducing the influence that outlier and extreme values may have on the metric’s data 
distribution (Tetra Tech, 2000). 
 
Using this scoring method standardizes all the metrics to one scale giving each metric equal value.  
In some instances, using this equation may result in a value exceeding 100. When this happens, 
values greater than 100 should be scored no higher than 100.  This is done to ensure equal weight 
for all metric values.  No one metric can score higher than the maximum value of 100. 
 
Reverse Metrics 
 
Metrics which are expected to increase in value with increasing site perturbation (higher metric 
numbers represent worst sites) the 5th percentile value is used as the best score (100) when 
converting to a 100-point scale.  Again, using the 5th percentile value instead of the minimum 
recorded value reduces the effect that outlier and extreme values may have on the data distribution.  
The minimum or 5th percentile (best) and maximum (worst) values for reverse metrics are converted 
to a 0 (worst) to 100 (best) point scales by using Equation 2. 
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(Equation 2)  100
5max
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−
−

=
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score        

  
where,  X     = the metric value 
 X5    = the 5th percentile value 

Xmax = the maximum possible value; 100% for percentage 
metrics such as % Oligochaeta and 10 for HBI (Tetra 
Tech, 2000). 

 
The Hilsenhoff Biotic Index or HBI metric and the % Oligochaeta metric values were the remaining 
core metrics that have been termed reverse metrics, i.e. where the higher values indicate greater 
impairment (Table 7). 
 
Index Development (IBI) 
 
By converting all of the core metrics in Table 6 to a standard 100-point scale each metric 
contributes equally to the multi-metric index (0-100).  A single multi-metric index was calculated 
by averaging the individual metric values for each site.  Again, to ensure that each metric 
contributes equally to the final index, any individual metric scores exceeding the maximum 100 
value were given a score of no more than 100.    
 
Index Application (IBI) 
 
There were no criteria or distinctions made between monitoring sites prior to index development 
due to the minimal number of monitoring sites.  The final Index of Biotic Integrity (IBI) developed 
from this data is tentative and is based on reference site MCT-7 (Foot Creek).  Both Moccasin 
Creek and Foot Creek originate in ecoregion level IV 46i Drift Plains and transition into the Glacial 
Lakes Basin ecoregion 46c.  IBIs should only be used as a tool for ranking the monitoring sites 
within Moccasin Creek.  As more data becomes available in these ecoregions (46 - Northern 
Glaciated Plains, 46c - Glacial Lakes Basin and 46i - Drift Plains) using similar collection methods, 
the IBI can be adjusted accordingly. 
 
IBI values were ranked from lowest to highest for all five sites (Table 9).  Based on this 
comparison, sites with lower IBI values were assumed to be more impaired than those with higher 
IBI values. 
 

Table 9.  Average metric values and Index of Biotic Integrity (IBI) scores by monitoring site 
for Moccasin Creek, Brown County, South Dakota. 

 
Metric MCT-2 Score MCT-6 Score MCT-3 Score MCT-4 Score MCT-7 Score 
EPT Abundance 1.00 0.60 0.00 0.00 21.75 12.96 66.76 39.77 176.68 100.00 
% Oligochaeta 50.27 49.74 32.73 67.28 16.03 83.99 12.83 87.19 4.12 95.90 
% Scrapers 30.43 69.83 0.33 100.00 3.06 97.31 0.32 100.00 7.51 92.84 
Species Richness 15.00 52.63 15.50 54.39 22.33 78.36 19.00 66.67 29.00 100.00 
Hilsenhoff Biotic Index 9.04 9.97 8.96 10.81 8.69 13.52 8.61 14.42 6.74 33.70 
IBI  36.55  46.50  57.23  61.61  84.49 
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To determine the cause for the changes in the IBI values at monitoring sites MCT-2, MCT-3, and 
MCT-4, seasonal loading of ammonia from the city of Aberdeen’s wastewater treatment plant 
significantly impacted the macroinvertebrate community at site MCT-2, compared to the reference 
site (MCT-7) for species richness, EPT abundance, Percent Oligochaeta, and Hilsenhoff Biotic 
Index (HBI).  EPT Abundance and HBI metrics are organic pollution sensitive metrics and would 
be affected by increased ammonia discharge from the wastewater treatment plant.  This scenario 
was observed with increasing numbers of sensitive species and increased overall IBI values with 
increased distance downstream of the treatment plant (MCT-3 and MCT-4). 
 
All Moccasin Creek monitoring sites with high HBI values and low species richness (diversity) are 
indicative of impacted urban streams.  Overall, none of the Moccasin Creek sites compared to the 
reference site (MCT-7) with respect to the core metrics.  Foot Creek metrics indicate it is a typical 
agricultural prairie stream with good diversity, moderate HBI values (agricultural impacts), lower 
numbers of oligochaets, and relatively good numbers of EPT taxa.  This reach/section of Foot Creek 
should be protected, improved, or at least maintained in its present state with regards to agricultural 
impacts, habitat, and flow régime.  Diversion of storm water runoff from half the city of Aberdeen 
to Foot Creek without retention structures may impact this community and over time reduce and 
then replace sensitive species with tolerant species, reduce diversity and increase HBI values which 
are more indicative of urban streams (Moccasin Creek). 
 
 
Other Monitoring 
 
Agricultural Non-Point Source Model (AGNPS) 
 
Watershed Overview 
 
Runoff, discharge from the city of Aberdeen’s storm sewers and wastewater treatment plant, 
discharge from Foot Creek, and rainfall are the primary sources of water entering Moccasin Creek.  
The amount of ground water entering the Moccasin Creek is unknown at this time.  
 
Subwatersheds 
 
The Moccasin Creek drainage was divided into eight individual sub-watersheds; sub-watersheds 
MC-1, MC-2A, MC-2, MC-3, MC-4, MC-5, MC-6, and MC-7.  Sub-watersheds MC-4, MC-5, and 
MC6 contribute 75% of the total sediment, hold all of the critical erosion cells, and comprise 61% 
of the total acreage of the total watershed.  Suspected sources of erosion are areas with a slope 
greater than 2.5% in combination with low grade soils and poor vegetative cover.  When a nutrient 
analysis was run with the AGNPS program on all eight sub-watersheds, the same three sub-
watersheds (MC-4, MC-5, and MC-6) contributed 75% of the total nitrogen loading with 193,291 
lbs and the most phosphorus loading. 
 
The AGNPS model did not take into account loadings from the storm sewers or discharge from the 
treatment plant.  The following is a discussion of the sources and loadings of each sub-watershed in 
the Moccasin Creek drainage from the AGNPS report: 
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MC-1 
 
Sub-watershed MC-1 accounts for 4.16% of the Moccasin Creek watershed area with 108, 40-acre 
cells totaling 4,320 acres of drainage area.  There were no critical cells for sediment loading.  There 
were two critical cells for total nitrogen and two critical cells for total phosphorus in this area 
according to the AGNPS model.  AGNPS estimated that subwatershed MC-1 contributed 
approximately 106 tons of sediment or .024477 ton/acre, 778 lbs. of phosphorus or 0.18 lb/acre, and 
3,154 lbs. of nitrogen or 0.73 lb/acre on an annual basis to Moccasin Creek.  Sub-watershed MC-1 
contributes 2.14% of the total sediment load to Moccasin Creek, 2.23% of phosphorus, and 2.46% 
of the total nitrogen load. 
 
MC-2A 
 
Sub-watershed MC2A accounts for 13.14% of the Moccasin Creek watershed area with 346 cells 
totaling 13,840 acres of drainage area.  There were no critical cells in this area for sediment loading.  
There were five critical cells for total nitrogen and five cells for total phosphorus according to the 
AGNPS model.  Subwatershed MC-2A contributed approximately 466 tons of sediment or .033648 
ton/acre, 2,491 lbs. of phosphorus or 0.180 lb/acre, and 10,518 lbs. of nitrogen or 0.76 lb/acre on an 
annual basis to Moccasin Creek.  Sub-watershed MC-2A contributed 9.44% of the total sediment 
load to Moccasin Creek, 7.14% of phosphorus, and 8.08% of the total nitrogen load. 
 
MC-2 
 
Sub-watershed MC-2 accounts for 2.60% of the Moccasin Creek watershed area with 70 cells 
totaling 2,800 acres of drainage area.  There were no critical cells for sediment, total nitrogen, or 
total phosphorus in this area according to the AGNPS model.  Subwatershed MC-2 contributed 
approximately 128 tons of sediment or .045807 ton/acre, 308 lbs. of phosphorus or 0.110 lb/acre, 
and 1,092 lbs. of nitrogen or 0.39 lb/acre on an annual basis to Moccasin Creek.  Sub-watershed 
MC-2 contributed 2.60% of the total sediment load to Moccasin Creek, 0.88% of phosphorus, and 
0.82% of the total nitrogen load. 
 
MC-3 
 
Sub-watershed MC-3 accounts for 7.14% of the Moccasin Creek watershed area with 189 cells 
totaling 7,560 acres of drainage area.  There were no critical cells in this area for sediment loading.  
There were two critical cells for total nitrogen and one cell for total phosphorus according to the 
AGNPS model.  Subwatershed MC-3 contributed approximately 261 tons of sediment or .034525 
ton/acre, 1,966 lbs. of phosphorus or 0.260 lb/acre, and 8,316 lbs. of nitrogen or 1.10 lb/acre on an 
annual basis to Moccasin Creek.  Sub-watershed MC-3 contributed 5.29% of the total sediment load 
to Moccasin Creek, 5.63% of phosphorus, and 6.13% of the total nitrogen load. 
 
MC-4 
 
Sub-watershed MC-4 accounts for 11.90% of the Moccasin Creek watershed area with 315 cells 
totaling 12,600 acres of drainage area.  There were three critical cells in this area for sediment 
loading, 21 for total nitrogen, and 17 for total phosphorus according to the AGNPS model.  
Subwatershed MC-4 contributed approximately 757 tons of sediment or .060056 ton/acre, 4,914 lbs. 
of phosphorus or 0.39 lb/acre, and 20,538 lbs. of nitrogen or 1.63 lb/acre on an annual basis to 



 

 43

Moccasin Creek.  Sub-watershed MC4 contributed 15.34% of the total sediment load to Moccasin 
Creek, 14.08% of phosphorus, and 14.71% of the total nitrogen load. 
 
MC-5 
 
Sub-watershed MC-5 accounts for 16.40% of the Moccasin Creek watershed area with 433 cells 
totaling 17,320 acres of drainage area.  There were 26 critical cells for erosion, three for total 
nitrogen, and seven for total phosphorus in this area according to the AGNPS model.  Subwatershed 
MC-5 contributed approximately 986 tons of sediment or .056921 ton/acre, 5,889 lbs. of 
phosphorus or 0.340 lb/acre, and 23,902 lbs. of nitrogen or 1.38 lb/acre on an annual basis to 
Moccasin Creek.  Sub-watershed MC-5 contributed 19.99% of the total sediment load to Moccasin 
Creek, 16.87% of phosphorus, and 17.36% of the total nitrogen load. 
 
MC-6 
 
Sub-watershed MC-6 accounts for 32.80% of the Moccasin Creek watershed area with 869 cells 
totaling 34,760 acres of drainage area.  There were 65 critical cells for erosion, 18 for total nitrogen, 
and 15 for total phosphorus in this area according to the AGNPS model.  Subwatershed MC-6 
contributed approximately 1,639 tons of sediment or .04715 ton/acre, 10,776 lbs. of phosphorus or 
0.31 lb/acre, and 43,102 lbs. of nitrogen or 1.24 lb/acre on an annual basis to Moccasin Creek.  Sub-
watershed MC-6 contributed 33.23% of the total sediment load to Moccasin Creek, 30.87% of 
phosphorus, and 32.07% of the total nitrogen load. 
 
MC-7 
 
Sub-watershed MC-7 accounts for 11.86% of the Moccasin Creek watershed area with 314 cells 
totaling 12,560 acres of drainage area.  There were no critical cells for erosion, three for total 
nitrogen, and one for total phosphorus in this area according to the AGNPS model.  Subwatershed 
MC-7 contributed approximately 590 tons of sediment or .046997 ton/acre, 7,787 lbs. of 
phosphorus or 0.62 lb/acre, and 36,926 lbs. of nitrogen or 2.94 lb/acre on an annual basis to 
Moccasin Creek.  Sub-watershed MC-7 contributed 11.97% of the total sediment load to Moccasin 
Creek, 22.31% of phosphorus, and 18.37% of the total nitrogen load. 
 
AGNPS is a data intensive watershed model that routes sediment and nutrients through a watershed 
by utilizing land uses and topography.  The watershed is broken up into equally-sized portions, or 
cells of 40 acres.  Each of these cells requires 26 parameters to be collected and entered into the 
program.  Best Management Practices (BMPs) are then simulated by altering the land use in the 
individual cells. 
 
The Moccasin Creek watershed was divided into 2,644 cells with a total of 105,760 acres.  The 
watershed outlet drains into the James River approximately 13 miles southeast of Aberdeen.  The 
dominant water flow within each 40-acre cell in the watershed was determined.  Based upon the 
direction of water flow from each cell and natural drainage patterns within the watershed, eight sub-
watersheds were delineated.  Along with the direction of flow there were 26 watershed parameters 
collected and entered into the AGNPS model for each 40-acre cell.  The AGNPS model then 
calculated the non-point source pollution loadings for each cell, sub-watershed and animal feeding 
area.  The model also estimated hydrology run-off volume for each of the storm events modeled.   
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The model concluded that the implementation of the appropriate Best Management Practices be 
targeted to the critical cells and priority feeding areas.  Animal feeding areas with an AGNPS rating 
of 50 or greater should be evaluated for potential operational or structural modifications in order to 
minimize future nutrient discharge.  The model suggested that a reduction of 8% in phosphorus 
loadings and 6% in nitrogen loadings could be realized if the following feedlots were modified to 
include run-off containment systems and buffer zones: cell #13 and #20 at site MC-2A, cell # 4, 
#265, #311, #315A and #315B at site MC-4, cell #138, #244, #286A, #286B, #290 and #421 at site 
MC-5, cell #123, #179 at site MC-6, and cell #300 at MC-7. 
 
The tillage practices on critical cells having high c-factors, poor grade soils and 3% slope or greater 
may also be modified to use conservation tillage practices.  These practices might include strip 
cropping, limited-till and no-till.  When the c-factors on 94 cells in the watershed were changed 
(representing no-till) the model showed a reduction potential of 7.5% for sediment loading.   
 
The reduction in sediment and nutrients could be less or more depending on crop producer 
participation and modification costs.  It is highly recommended that all critical cells and animal 
feeding areas be field verified in advance of implementing Best Management Practices. 
 
Potential contributions of sediment from gullies, riparian areas, wind erosion and nutrients from 
septic systems within the Moccasin Creek watershed were not evaluated as part of the computer 
modeling assessment phase.  The complete AGNPS analysis can be found in Appendix A of this 
report. 
 
Quality Assurance Reporting (QA/QC) 
 
Replicate and blank samples were collected during the course of the project to provide defendable 
proof that sample data were collected in a scientific and reproducible manner.  QA/QC data 
collection began, and was completed, on schedule with the proposed timeline.  A total of 112 
samples were taken in 1999 and 140 samples were collected in 2000.  A total of 22 duplicates and 
20 blanks were analyzed on 229 samples collected throughout the project.  QA/QC data collection 
began in March of 1999 and was completed in November of 2000. 
 
Blank samples were very ‘clean’ with the exception of total solids concentrations.  Six of the twenty 
blank samples collected had detectable concentrations of total solids, while the remaining samples 
had undetectable levels.  It is unclear why these samples were contaminated, some possible causes 
could be improperly cleaned bottles, contamination in the field, or a contaminated distilled water 
supply.  Approximately 30% of the total solids samples showed more than the 7 mg/l detection 
limit.  Total solids ranged from 4 mg/l to 17 mg/l in all samples analyzed.  Reasons for increased 
solids in the samples could have been from un-rinsed sample bottles or sample contamination.  
Regardless of the reason for the contamination, it is unlikely that contamination occurring at the 
concentrations detected in the blanks would greatly alter the results.  The highest level measured in 
a blank was 17 mg/L collected on October 27, 2000. 
 
Quality assurance and quality control samples were collected for 17.47% of the in-stream and 
tributary samples taken.  A total of 229 tributary samples were collected along with seven sets of 
replicates and blanks.  
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Table 10.  Moccasin Creek QA/QC Blank Samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 11.  Moccasin Creek Blank Samples Exceeding Detection Limits 

Moccasin Creek Blanks Exceeding Standards 
SITE TIME DATE TSOL Detection 

Limit 
MC8 1630 6/30/1999 12 7 mg/l 
MC8 1000 3/23/2000 11 7 mg/l 
MC8 1530 5/9/2000 9 7 mg/l 
MC8 1100 7/12/2000 8 7 mg/l 
MC8 1430 10/27/200

0 
17 7 mg/l 

MC8 1145 11/2/2000 11 7 mg/l 
 
 
Replicate samples were collected to check sample techniques and variability within the parameters 
analyzed.  The following table (Table 12) shows laboratory results of replicate samples (MC-9) 
taken from Moccasin Creek in 1999 and 2000.  The chart illustrates a comparison of the duplicate 
(MC-9) sample with the site sample followed by the Industrial Average (IND) percent margin of 
error between the samples collected. 

Moccasin Creek Blank Samples
DATE ALK TOTAL SOLIDS SUSPENDED SOLIDS AMMONIA NITRATE TKN TOT PHOS DIS PHOS FECAL 

Detection Limit 7 or 6 7 or less 1 0.02 0.1 0.14 or 0.21 0.002 0.002 10 or 2
3/29/1999 7 5 1 0.02 0.1 0.1 0.007 0.007 10
6/30/1999 7 12 1 0.02 0.1 0.14 0.002 0.002 10
7/20/1999 7 6 1 0.02 0.1 0.14 0.002 0.003 10
7/28/1999 7 5 1 0.02 0.1 0.14 0.004 0.004 10
8/5/1999 7 8 2 0.02 0.1 0.14 0.004 0.005 10
8/30/1999 7 4 2 0.02 0.1 0.14 0.002 0.002 10
11/3/1999 7 5 1 0.02 0.1 0.14 0.002 0.002 10
3/23/2000 6 11 1 0.02 0.1 0.21 0.002 0.002 10
5/9/2000 6 9 1 0.02 0.1 0.21 0.002 0.002 10
5/18/2000 6 7 1 0.02 0.1 0.21 0.002 0.002 10
6/5/2000 6 7 1 0.02 0.1 0.21 0.004 0.005 10
7/12/2000 6 8 1 0.02 0.1 0.21 0.002 0.002 10
8/2/2000 6 7 1 0.02 0.1 0.21 0.002 0.002 10
8/24/2000 6 7 3 0.02 0.1 0.21 0.002 0.008 10
8/31/2000 6 7 1 0.02 0.1 0.21 0.002 0.002 10
10/4/2000 6 7 1 0.02 0.1 0.21 0.002 0.002 2
10/26/2000 6 4 1 0.02 0.1 0.21 0.002 0.002 10
10/27/2000 6 17 1 0.02 0.1 0.21 0.002 0.002
10/30/2000 10
11/2/2000 6 11 1 0.02 0.1 0.21 0.002 0.002 10
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Table 12.  Duplicate Sample and Replicate Sample Comparisons 
 
 
Quality Assurance/Quality Control Samples Collected in Moccasin Creek Showing Industrial Statistic

SITE DATE pH H20TMP DO ALK-M TSOL SSOL AMMO NITRATE TKN TOT(P) DIS(P) FEC VTSS TDS
MC9 4/14/1999 8.92 11.7 11.9 254 1640 44 0.02 0.1 2.17 0.274 0.114 10 22 1596
MC6 4/14/1999 8.95 12.1 12.1 262 1651 48 0.02 0.1 1.79 0.282 0.111 10 24 1603
IND 0.17% 1.68% 0.83% 1.55% 0.33% 4.35% 0.00% 0.00% 9.60% 1.44% 1.33% 0.00% 4.35% 0.22%

MC9 5/26/1999 8.07 20.5 7.1 262 1374 22 0.02 0.1 2.59 0.488 0.336 10 7 1352
MC6 5/26/1999 8.08 20.5 7.1 260 1380 22 0.02 0.1 2.46 0.482 0.352 20 7 1358
IND 0.06% 0.00% 0.00% 0.38% 0.22% 0.00% 0.00% 0.00% 2.57% 0.62% 2.33% 33.33% 0.00% 0.22%

MC9 6/7/1999 7.69 20.5 2 324 1578 1 0.02 0.1 1.86 0.343 0.331 280 1 1577
MC1 6/7/1999 7.67 20.5 1.8 326 1578 1 0.02 0.1 1.81 0.356 0.329 190 1 1577
IND 0.13% 0.00% 5.26% 0.31% 0.00% 0.00% 0.00% 0.00% 1.36% 1.86% 0.30% 19.15% 0.00% 0.00%

MC9 6/30/1999 7.54 19.2 4.8 151 1051 32 1.77 0.2 3.32 0.492 0.378 2400 16 1019
MC2 6/30/1999 7.59 19.1 4.7 154 1077 29 2.06 0.2 3.76 0.569 0.413 2000 6 1048
IND 0.33% 0.26% 1.05% 0.98% 1.22% 4.92% 7.57% 0.00% 6.21% 7.26% 4.42% 9.09% 45.45% 1.40%

MC9 7/8/1999 8.78 25.7 15 297 1897 108 0.02 0.1 3.09 1.09 0.435 700 48 1789
MC3 7/8/1999 8.71 25.5 15 290 1879 102 0.02 0.5 3.82 1.15 0.432 1800 44 1777
IND 0.40% 0.39% 0.00% 1.19% 0.48% 2.86% 0.00% 66.67% 10.56% 2.68% 0.35% 44.00% 4.35% 0.34%

MC9 7/28/1999 7.73 25.2 0.2 406 1536 2 0.02 0.1 2.5 0.912 0.885 710 2 1534
MC1 7/28/1999 7.73 25 0.1 406 1542 1 0.02 0.1 2.51 0.948 0.886 720 1 1541
IND 0.00% 0.40% 33.33% 0.00% 0.19% 33.33% 0.00% 0.00% 0.20% 1.94% 0.06% 0.70% 33.33% 0.23%

MC9 8/5/1999 8.2 26.5 7.7 174 1306 86 0.02 0.1 2.75 0.637 0.141 270 34 1220
MC4 8/5/1999 8.18 26.4 7.8 177 1318 90 0.02 0.1 3.1 0.648 0.144 220 36 1228
IND 0.12% 0.19% 0.65% 0.85% 0.46% 2.27% 0.00% 0.00% 5.98% 0.86% 1.05% 10.20% 2.86% 0.33%

MC9 10/12/1999 8.98 14 15 259 1322 72 0.02 0.1 3.11 0.307 0.368 50 22 1250
MC5 10/12/1999 14 15 262 1323 98 0.02 0.1 2.74 0.292 0.036 110 34 1225
IND 100.00% 0.00% 0.00% 0.58% 0.04% 15.29% 0.00% 0.00% 6.32% 2.50% 82.18% 37.50% 21.43% 1.01%

MC9 11/2/1999 7.94 11.8 9.1 333 2276 19 12.8 0.1 16.7 1.88 0.664 66000 10 2257
MC2 11/2/1999 7.95 11.9 9.2 323 2263 18 12.6 0.1 16.1 1.93 1.73 35000 10 2245
IND 0.06% 0.42% 0.55% 1.52% 0.29% 2.70% 0.79% 0.00% 1.83% 1.31% 44.53% 30.69% 0.00% 0.27%

MC9 11/3/1999 9.35 6 15 201 1385 92 0.02 0.1 4.27 0.469 0.031 10 38 1293
MC5 11/3/1999 9.36 6.1 15 212 1386 100 0.02 0.1 4.5 0.506 0.035 10 42 1286
IND 0.05% 0.83% 0.00% 2.66% 0.04% 4.17% 0.00% 0.00% 2.62% 3.79% 6.06% 0.00% 5.00% 0.27%
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(cont.)
SITE DATE pH H20TMP DO ALK-M TSOL SSOL AMMO NITRATE TKN TOT(P) DIS(P) FEC VTSS TDS
MC9 3/23/2000 9.29 9.8 15 177 1249 56 0.6 0.3 2.79 0.367 0.077 10 22 1193
MC5 3/23/2000 9.27 9.9 15 198 1242 62 0.58 0.3 3.31 0.384 0.062 10 22 1180
IND 0.11% 0.51% 0.00% 5.60% 0.28% 5.08% 1.69% 0.00% 8.52% 2.26% 10.79% 0.00% 0.00% 0.55%

MC9 5/23/2000 8.57 24.6 12.5 307 2244 176 0.02 0.1 2.06 0.885 0.12 300 40 2068
MC6 5/23/2000 8.55 24.5 12.4 309 2240 168 0.02 0.1 1.94 0.898 0.126 130 36 2072
IND 0.12% 0.20% 0.40% 0.32% 0.09% 2.33% 0.00% 0.00% 3.00% 0.73% 2.44% 39.53% 5.26% 0.10%

MC9 6/5/2000 8.85 21.3 15 260 2445 144 0.02 0.1 2.99 1.02 0.056 60 48 2301
MC5 6/5/2000 8.86 21.2 15 260 2452 172 0.02 0.1 2.5 0.98 0.071 140 60 2280
IND 0.06% 0.24% 0.00% 0.00% 0.14% 8.86% 0.00% 0.00% 8.93% 2.00% 11.81% 40.00% 11.11% 0.46%

MC9 7/12/2000 7.45 22.5 3.3 101 684 26 0.2 0.3 1.5 0.362 0.257 14000 6 658
MC2A 7/12/2000 7.45 22.5 3.2 92 643 25 0.02 0.3 1.28 0.346 0.274 13000 4 618
IND 0.00% 0.00% 1.54% 4.66% 3.09% 1.96% 81.82% 0.00% 7.91% 2.26% 3.20% 3.70% 20.00% 3.13%

MC9 8/2/2000 5.3 22.2 7.72 284 2302 21 10.4 0.1 11.6 1.56 1.34 120 8 2281
MC2 8/2/2000 7.71 22.1 5.4 285 2307 21 10.4 0.1 11.2 1.56 1.25 190 8 2286
IND 18.52% 0.23% 17.68% 0.18% 0.11% 0.00% 0.00% 0.00% 1.75% 0.00% 3.47% 22.58% 0.00% 0.11%

MC9 8/24/2000 8.69 23.1 7.4 308 1966 72 0.02 0.1 2.89 0.9 0.384 80 36 1894
MC5 8/24/2000 8.74 23.4 7.7 306 1980 84 0.02 0.1 3.45 0.968 0.407 110 38 1896
IND 0.29% 0.65% 1.99% 0.33% 0.35% 7.69% 0.00% 0.00% 8.83% 3.64% 2.91% 15.79% 2.70% 0.05%

MC9 8/31/2000 8.01 21.6 7.8 101 1033 68 2.54 0.1 5.9 0.886 0.479 17000 28 965
MC2 8/31/2000 7.84 20.9 7.9 127 1032 62 2.49 0.2 5.24 0.884 0.456 19000 14 970
IND 1.07% 1.65% 0.64% 11.40% 0.05% 4.62% 0.99% 33.33% 5.92% 0.11% 2.46% 5.56% 33.33% 0.26%

MC9 10/4/2000 8.93 10.6 8.6 259 2617 24 0.02 0.1 1.99 0.394 0.041 310 6 2593
MC5 10/4/2000 8.94 10.5 8.7 259 2624 30 0.02 0.1 2.14 0.458 0.144 240 16 2594
IND 0.06% 0.47% 0.58% 0.00% 0.13% 11.11% 0.00% 0.00% 3.63% 7.51% 55.68% 12.73% 45.45% 0.02%

MC9 10/26/2000 7.79 7.8 62 495 108 1.11 0.3 1.48 0.564 0.281 65000 14 387
MC2 10/26/2000 7.8 13.9 7.9 65 538 114 1.8 0.3 2.43 0.643 0.364 58000 6 424
IND 0.06% 0.64% 2.36% 4.16% 2.70% 23.71% 0.00% 24.30% 6.55% 12.87% 5.69% 40.00% 4.56%

MC9 10/27/2000 8.5 11 9 208 1922 50 0.02 0.1 2.39 0.488 0.118 18 1872
MC5 10/27/2000 8.52 11.1 9.3 207 1930 54 0.02 0.1 2.06 0.483 0.124 20 1876
IND 0.12% 0.45% 1.64% 0.24% 0.21% 3.85% 0.00% 0.00% 7.42% 0.51% 2.48% 5.26% 0.11%

MC9 10/30/2000 8.53 12.5 11.1 2500
MC5 10/30/2000 8.54 12.6 11.2 2400
IND 0.06% 0.40% 0.45% 2.04%

MC9 11/2/2000 9.15 8 11.6 192 1954 184 0.02 0.1 3.06 0.91 0.104 1200 56 1770
MC5 11/2/2000 9.15 8 11.6 195 1961 172 0.02 0.1 2.87 0.872 0.104 800 44 1789
IND 0.00% 0.00% 0.00% 0.78% 0.18% 3.37% 0.00% 0.00% 3.20% 2.13% 0.00% 20.00% 12.00% 0.53%
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Total Solids: Replicate samples taken for total solids do not indicate any significant problems 
when comparing numbers from the replicate sample and comparing them with the actual sample. 
 
Total Suspended Solids:  On July 28, 1999 there was a 33.33% margin of error between the 
replicate sample and the actual sample taken from site MC-1.  On October 12, 1999 there was a 
15.29% margin of error between the replicate sample and the actual sample taken from site MC-
5.  It is believed that natural variation was the cause for the differences in both of the samples. 
 
Volatile Total Suspended Solids:  There were six replicate samples of 21 total replicate samples 
that had a margin of error over 20%.  These differences are probably due to natural variation. 
 
Ammonia: There were some differences between replicate samples and the actual samples when 
looking at ammonia.  On July 12, 2000, there was an 81% margin of error at site MC-2A and on 
October 26, 2000 there was a 23% margin of error between the sample and the replicate at site 
MC-2.  These errors could have been derived from contaminated sample or natural variability.  
The remainder of the samples and replicates collected throughout the sampling period show a very 
minimal margin of error between the sample and the replicate (<1%). 
 
Alkalinity: Replicate samples taken for alkalinity do not indicate any significant problems when 
comparing number from the replicate sample and comparing them with the actual samples.  
There is some variation, probably natural variation, in the samples taken on August 31, 2000 at 
site MC-2 but not enough difference to be concerned about. 
 
Nitrates: Of all the nitrate samples taken throughout the sampling period for the Moccasin Creek 
project, only two replicates did not match the same numbers as the original sample.  On July 8, 
1999, there was a 66% margin of error between the original sample and the replicate sample 
taken at site MC-3.  On August 31, 2000, there was a 33% margin of error between the original 
sample and the replicate sample taken at site MC-2.  Because other samples taken the same day 
do not show variation between actual sample and replicate, it is believed the problem probably 
did not come from contaminated distilled water, but rather natural sample variation or a poorly 
rinsed sample bottle.  All other samples collected throughout the year show no difference (0%) 
when comparing samples and replicates for nitrates. 
 
TKN: There were no major differences between replicates and regular samples collected other 
than natural sample variability.   
 
Total Phosphorus: All QA/QC samples collected for total phosphorus showed no difference 
between the actual sample taken and the replicate sample.   
 
Total Dissolved Phosphorus: Of all the dissolved phosphorus samples taken throughout the 
sampling period for the Moccasin Creek project, there were two samples with differences 
between the original sample and the replicate sample.  On November 2, 1999 there was a 44.53% 
margin of error and on October 4, 2000 at site MC-5 there was a 55.68% margin of error 
between the original sample and the replicate sample.  These differences between the actual 
samples and the replicate samples could be due to a poorly rinsed sample bottle, poorly rinsed 
filter, or natural variability. 
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Cross Sectional Data 
 
DENR staff surveyed cross sections on Moccasin Creek in May and June of 2002 to get a better 
understanding of the slope and drop of the creek channel.  A total of 32 cross sections were taken 
along Moccasin Creek from the northern edge of the city of Aberdeen down to the city of 
Aberdeen’s wastewater treatment plant.  The data was collected and forwarded to Interfluve, Inc. 
to be used to complete the Moccasin Creek feasibility study.  Figure 24 on the next page shows 
where each cross section was measured. 
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Figure 24.  Moccasin Creek Cross Section Locations 

 
Sediment Particulate Size Analysis 
 
Sediment samples were collected in February 2002 by DENR staff to determine the particulate 
size of sediment residing in the Moccasin Creek channel.   
 
Sample #1 was taken upstream of Roosevelt Avenue.  At the time of sampling, it was noted that 
there was approximately four feet of sediment present in the stream channel.  
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Sample #2 was taken 100 yards downstream of Milwaukee Avenue.  At the time of sampling, it 
was noted that there was approximately five feet or more of sediment present in the stream 
channel.   
 
Sample #3 was taken between 6th Avenue and 8th Avenue, 100 feet upstream of Aldrich Street.  
At the time of sampling, it was noted that there was approximately five of sediment present in 
the stream channel.   
 
Sample #4 was taken 75 feet upstream of the 10th Avenue car bridge.  Sediment was collected 
from the gravel bar in front of a storm sewer outlet.  Little to no sediment was located at the 
sampling location. 
 
Sample #5 was taken between Melgaard Road and 10th Avenue just off from the soccer field by 
the bathroom.  At the time of sampling, it was noted that there was approximately three feet of 
sediment present in the stream channel.   
 
Sample #6 was taken south of the city of Warner, SD by site MC4.  The sample was collected 40 
yards upstream of the car bridge.  At the time of sampling, it was noted that there was 
approximately five feet or more of sediment present in the stream channel. 
 
Of all the samples analyzed, results showed that the majority of the material present in Moccasin 
Creek is fine silt.  The sample collected at site 4 had the most sand of any sample collected.  
There was 9.3% coarse sand and 20.2% fine sand in that sample.  Site 6 retained the most silt and 
clay with 48.1% silt and 46.8% clay. 
 
Table 13 describes the material present at each site sampled and what percent of the material 
passed through different-sized screens. 
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Table 13.  Sediment size for Moccasin Creek, Brown County, South Dakota 

 

       South Dakota Department of Transportation
Geotechnical -Soils Central Laboratory
700 E. Broadway Pierre S.Dak. 57501

Tests run according to SD101,SD102,SD207&SD103   Reported to : Barry McLaury
  Reported By: Gary Olivier

          PROJECT :    PCEMS:   Date: 2/15/2002
Updated 2/4/04

     Submitted  by : Sol Brich                           COUNTY: Brown
Description:

LAB.  SAMPLE #    1 2 3 4 5 6
PIT # 0 0 0 0 0 0
HOLE# 0 0 0 0 0 0
FIELD SAMPLE # 1 0 0 0 0 0
DEPTH 0 0 0 0 0 0
wt. cu. ft. 0 0 0 0 0 0
% passing 3/8 100.0 100.0 100.0 100.0 100.0 100.0
% passing # 4 99.9 100.0 100.0 100.0 100.0 100.0
% passing # 10 99.9 100.0 100.0 100.0 100.0 100.0
% coarse sand 9.2 0.7 5.7 9.3 5.1 0.7
% fine sand 7.9 4.4 3.0 20.2 4.4 4.4
% silt 47.7 47.7 72.5 33.7 47.7 48.1
% clay 35.2 47.2 18.8 36.8 42.8 46.8
% passing # 40 90.7 99.3 94.3 90.7 94.9 99.3
% passing # 200 82.9 94.9 91.3 70.5 90.5 94.9
% coarse & fine sand 17.0 5.1 8.7 29.5 9.5 5.1
liquid limit 0 0 0 0 0 0
liquid plastic limit 0 0 0 0 0 24
P. I. 0 0 0 0 0 0
Tex. classification SILT CLAY SILT CLAY SANDY SILT SILT CLAY SILT CLAY SILT CLAY
Texture # 2 2 7 2 2 2
HRB A-4 A-4 A-4 A-4 A-4 A-4
 GP Index 8 8 8 7 8 8

Soil Legend
1 - clay silt 4-sand clay 7 - sand silt 10 - gravel           13 - gravel clay
2 - silty clay 5-clay sand 8 - sand 11 - gravel clay silt 14 - gravel sand c
3 - clay 6 - silt sand 9 - silt 12 - gravel silt clay 15 - gravel clay sa 
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Elutriate Sampling 
 
As part of the Moccasin Creek stream channel analysis, elutriate samples were taken from 
several locations along Moccasin Creek.  The samples were collected by DENR staff and 
forwarded to the South Dakota State Health Laboratory for analysis.  It was noted by field staff 
that there was an oily substance that floated on the water surface when mud was extracted from 
the bottom at the 6th Avenue sampling location adjacent to the railroad bridge.  The State Health 
Lab detected two compounds with the EPA E8270C testing method.  They were 2-
methylnapthalene and acenaphthene.  Testing for creosol and BTEX was non-detect.  Total 
purgeable hydrocarbon was 135 ug/L but they did not list specific compounds.  Receiving water 
had no compound detected by EPA 8270C testing, TPH testing, BTEX testing or creosol testing. 
 
It was never determined exactly what the oily substance was but it was noted that chemicals 
found in laboratory tests were the same chemical make-up of Creosote.  This same oily substance 
was found along 3rd Avenue SE in 1980 when city workers were performing underground work.  
It was reported that the material looked and smelled like creosote.  At that time, the city 
wastewater treatment plant was experiencing occasional slowdowns of its biological treatment 
systems.  The city then installed three, 25 to 30-foot monitoring wells at the site.  The creosote 
like material was encountered within 30 feet of the surface during drilling of one of the three 
wells.  A black liquid was bailed from the well during evacuation procedures. 
 
The source of the creosote type material is believed to have come from an abandoned creosote 
pit owned by the Chicago and Northwestern Railway (now Dakota, Minnesota, and Eastern 
Railway) back in the early 1900s.  The pit was used to dip railroad ties to help protect the wood 
from the elements. 
 
An ongoing investigation by the Environmental Protection Agency (EPA), Region VIII, is still in 
progress on Moccasin Creek to determine what the material is and where it is coming from.  No 
remediation practices have been enacted to remove the creosote-type material. 
 
 
 Public involvement and coordination 
 
State Agencies 
 
The South Dakota Department of Environment and Natural Resources (SDDENR) was the 
primary state agency involved in the completion of this assessment.  SDDENR provided 
equipment as well as technical assistance throughout the course of the Moccasin Creek project. 
 
The South Dakota Department of Game, Fish and Parks also aided in the completion of the 
assessment by providing endangered species information in the Moccasin Creek area. 
 
Federal Agencies 
 
The Environmental Protection Agency (EPA) provided the primary source of funds for the 
completion of the watershed assessment on Moccasin Creek. 
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The Natural Resource Conservation Service (NRCS) provided technical assistance, particularly 
in the collection of soils data for the AGNPS portion of the report. 

 
Local Governments; Industry, Environmental, and other Groups; and Public 
at Large 
 
The South Brown Conservation District (SBCD) provided the local sponsorship that made this 
project possible.  In addition to providing administrative sponsorship, SBCD also provided local 
matching funds, personnel, and work space to complete the Moccasin Creek assessment. 
 
Public involvement consisted of individual meetings with landowners who provided a great deal 
of historic perspective on the watershed.  Additionally, landowners were contacted through 
mailings to which most responded with information needed to complete the AGNPS model. 
 
The city of Aberdeen provided financial aid, flow data from storm sewers, flow data from the 
wastewater treatment plant, and the history of Moccasin Creek. 
 
 
Aspects of the Project That Did Not Work Well 
 
Stevens-type stage recorders were left sitting dry at some sites when water levels were low.  The 
stage recorders had to be moved and reinstalled in a deeper section of the creek several times in 
order to allow for continuous stage monitoring.  Isco 6700 samplers often plugged up with fine 
sediment which did not allow samples to be taken automatically at given times. 
 
Initial milestones were not met due to changes and additions to the work plan.  Elutriate, E. coli, 
and fecal bacteria tracking were all added to the project work load.  In addition, a consultant was 
hired on contract (Interfluve, Inc) to perform a feasibility study on Moccasin Creek.  Detailed 
cross sections of the creek channel were needed to complete the feasibility study as well as 
sediment samples. 
 
Low flows in Moccasin Creek caused sites to be moved which led to data that was hard to 
compare.  Stage readings were not uniform due to the changes in elevation of the recorders each 
time they were moved.  Stage data was then hard to work with when trying to determine the 
flows on Moccasin Creek. 
 
The outlet of Moccasin Creek is located 13 miles southeast of Aberdeen.  Sites MC-5 and MC-6 
stage data were directly affected by backflows from the James River during high flow events.  
During backflow situations, stage data showed a high amount of water running down Moccasin 
Creek which was actually caused by a rise in elevation from backflow from the James River.  
Sites above MC-4 were not affected as the backflow from the James River never reached that far 
upstream. 
 
Due to the extremely flat topography of the Moccasin Creek watershed, it was extremely 
difficult to determine the routing of water within each 40-acre cell in the watershed.  Directional 
flow of water is needed to run the AGNPS watershed model. 
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Stages and velocities were measured in storm sewers.  Unfortunately, not enough data was 
gathered to come up with a reasonable figure as to how much water was being discharged from 
the storm sewers into Moccasin Creek. 
 
 
Future Activities Recommendations 
 
There are a number of concerns that need to be addressed in the Moccasin Creek watershed.  
Mitigation processes in the watershed should take into consideration the following items: 
 
Animal feeding operations appear to have a major impact on the nutrient load and fecal bacteria 
concentrations in Moccasin Creek.  Containment of run-off from animal feeding operations will 
prove beneficial in reducing fecals and nutrients from entering Moccasin Creek.  The most 
beneficial practices include run-off containment from feedlots and alternative water sources for 
livestock; 
 
Areas in the watershed where slopes are greater than 2.5% in combination with low grade soils 
should be planted to grass or kept covered with crop residue; 
 
Fencing along Moccasin Creek to keep livestock off the banks of the creek or proper grazing 
management would prove beneficial in reestablishing a healthy riparian area; 
 
Future activities in the watershed should be directed towards the maintenance of the current 
conservation practices; 
 
Nutrient reductions in the creek itself may offer accelerated improvements in water quality.  This 
is most likely the quickest and most cost-effective means of dealing with algae blooms that occur 
in Moccasin Creek; 
 
Narrowing up the channel and providing a meander in the existing channel may better help move 
sediment through the system; 
 
Keeping the creek clean from garbage and debris would help keep base flows moving through 
the creek during low flows; 
 
Removal or proper sizing of downstream creek crossings would help increase flow through the 
system and prevent water from ponding and becoming stagnant; 
 
Installation of a bigger culvert(s) under the crossing at the wastewater treatment plant would also 
help increase flow and prevent ponding or backing up of water in Moccasin Creek; 
 
Additional fecal coliform sampling will be required before a fecal coliform TMDL can be 
written, if needed; 
 



 

 56

Elutriate samples collected from Moccasin Creek near 6th Avenue detected a petroleum-based 
type material (creosote?) present in the sediment.  EPA Region VII is currently investigating the 
source of the material and its location.  The material, if possible, should be removed to avoid 
further contamination to Moccasin Creek; and 
 
The city of Aberdeen plans to upgrade its wastewater treatment facility for treatment of ammonia 
in order to meet state standards for a marginal warm water fishery. 
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Executive Summary 
 
The Moccasin Creek watershed is located in the southern half of Brown County.  The size of the Moccasin 
Creek watershed area modeled is 191,503 acres.  The watershed outlet drains into the James River 
approximately 13 miles southeast of Aberdeen. 
 

In order to further evaluate the water quality status of the Moccasin Creek watershed, land use and 
geotechnical information was compiled.  This information was then incorporated into a computer model.  
The primary objective of utilizing a computer model on Moccasin Creek watershed was to: 

 
1) Evaluate and quantify Nonpoint Source (NPS) yields from each sub-watershed and determine the net       
     loading to the James River. 
2) Define critical NPS cells within each sub-watershed (elevated sediment, nitrogen and phosphorus). 
3) Prioritize and rank each animal feeding area and quantify the nutrient loadings from each area.  
 

Based on the results of the computer model, the following conclusions were formulated: 
 

1. Watershed / Sub-watershed Analysis 
 
Sediment 
 
The AGNPS data indicated that the Moccasin Creek watershed had a low sediment deliverability rate at the 
outlet of Moccasin Creek.  The computer model estimated the sediment deliverability rate to be .043 
(tons/acre/year).  At this rate Moccasin Creek delivers approximately 4,534 tons of sediment to the James River 
as a result of an average year of rainfall.  
 
When a sediment analysis was performed on the sub-watersheds located with Moccasin Creek watershed, the 
model indicated that three of the eight delineated sub-watersheds appeared to have high sediment deliverability 
rates.  The following table shows the values that apply: 
 
Critical Sediment Sub-watersheds 
 

  Annual 
Sub- Outlet Sediment Yield 

Watershed Cell # (tons/acre) 
MC4 280 0.06 
MC5 53 0.06 
MC6 869 0.05 

 
These three sub-watersheds contribute 75% of the total sediment, hold all of the critical erosion cells, but 
contain only 61% of the total acreage of the watershed.  The suspected sources of erosion are areas with slope 
greater than 2.5% in combination with low grade soils, and are currently in crop production or have poor 
vegetative cover. 
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Nutrients 
 
The results from the AGNPS model revealed that Moccasin Creek watershed has a total nitrogen deliverability 
rate of 2.46 lb/acre.  This number is considered to be average when compared to other watersheds in the area.  
The total phosphorus deliverability rate was considered to be lower than average, at 0.58 lbs/acre.  When 
compared to other area watersheds, the nitrogen and phosphorus loading totals were calculated by combining 
the soluble and sediment bound loadings of each parameter.  These estimated loadings are based on an average 
year of rainfall, as were the sediment numbers.     
 
When a nutrient analysis was performed on the sub-watersheds located with Moccasin Creek watershed, the 
model indicated that three of the eight delineated sub-watersheds appeared to have comparably high nutrient 
deliverability rates.  The following tables show the values that apply: 
 
 Critical Phosphorus Sub-watersheds                          Critical Nitrogen Sub-watersheds 
 

  Annual    Annual  
 

Sub-  
 

Outlet 
Total Phosphorus  

Sub-  
 

Outlet 
Total  

Nitrogen 
Watershed Cell # (lbs/acre) Watershed Cell # (lbs/acre) 

MC4 280 0.82 MC4 280 3.52 
MC5 53 0.71 MC5 53 3.02 
MC6 869 0.66 MC6 869 2.78 

 
 
According to the model these three sub-watersheds listed above contribute 45,571 lbs. of phosphorus to the 
watershed each year.  These sub-watersheds account for 75% of the total nitrogen loading, but retain only 61% 
of the total acreage of the entire watershed. 
 
When the nitrogen analysis for each sub-watershed was done, it revealed that the same three sub-watersheds 
were responsible for elevated loadings of nitrogen.  While only accounting for 61% of the total watershed, these 
three sub-watersheds contributed 74% of the total nitrogen loading with 193,291 lbs.   
 
The AGNPS model indicated that a possible source of elevated nutrient loadings is due to the presence of 
animal feeding areas with an AGNPS feedlot rating of 50 or greater, which are located near water channels.  
Other possible sources are certain land use situations in combination with high fertilization levels. 
 

2. Critical NPS Cells 
 
Sediment 
 
Analysis of the AGNPS data for each individual forty-acre cell in the Moccasin Creek watershed revealed that 
of 2,644 cells, 94 cells had erosion rates of greater than 2 tons/acre (25year event).  These 94 cells represent 
only 4% of the entire Moccasin Creek watershed.  The suspected sources of elevated erosion rates were land 
slopes greater than 2% in combination with poor grade soils and croplands accompanied by high c-factors.  The 
high c-factors can be a product of limited or non-existent conservation tillage practices.  The AGNPS model 
was run after changing all 94 cells to represent a no-till practice.  These 94 cells amount to 3,760 acres of 
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cropland.  The model showed a potential for a 7.5% reduction in sediment delivered to the James River each 
year.  
 
Nutrients 
 
The analysis of the AGNPS critical cell data concerning nutrient yields (sediment bound + water-soluble) 
indicated that of the 2,644 cells located in the entire watershed, 37 had nitrogen yields greater than 8.3 lbs/acre 
and 48 had phosphorus yields greater than 2.3 lb/acre.  This represents less than 2% of the total drainage area in 
the watershed.  The suspected sources of elevated nutrient loads to the Moccasin Creek watershed were animal 
feeding areas located near water channels and the application of unincorporated fertilizers on croplands.  
 
3.  Feeding Area Evaluation  
 
The analysis of the feeding areas within Moccasin Creek watershed revealed that of 76 feedlots, 8 had a rating 
between 50 and 60 and 8 more had a rating greater than 60.  These ratings were determined by running the 
model with a 25-year storm event.   
 
In order to evaluate the impact that these 16 feeding areas may have on the nutrient loading of the watershed, 
the model was run without these feeding areas present.  The total phosphorus loading was reduced from 61,112 
lbs/year to 56,326 lbs/year.  This was an 8.00% reduction in total phosphorus.  The nitrogen yield dropped from 
259,681 lbs/year to 244,087 lbs/year, which was a 6.01% reduction.  These 16 feeding areas should be 
evaluated for potential operational or structural modifications in order to minimize future nutrient discharge. 
 
4.  Conclusions 
 
It is recommended that the implementation of the appropriate Best Management Practices be targeted to the 
critical cells and priority animal feeding areas.  Animal feeding areas with an AGNPS rating of 50 or greater 
should be evaluated for potential operational or structural modifications in order minimize future nutrient 
discharge.  The model suggested that a reduction of 8% in phosphorus loadings and 6% in nitrogen loadings 
could be realized if the following feedlots were modified to include runoff containment systems and buffer 
zones cell #’s: (13,20-MC-2a), (4,265,311,315a,315b- MC-4), (138,244,286a,286b,290,421- MC-5), (123,179-
mc6), (300- MC-7).   
 
The tillage practices on critical cells having high c-factors, poor grade soils and 3% slope or greater may also be 
modified to use conservation tillage practices.  These practices might include strip cropping, limited-till and no-
till.  When the c-factors on 94 cells in the watershed were changed (representing no-till) the model showed a 
reduction potential of 7.5% for sediment.   
 
The reduction in sediment and nutrients could be less or more depending on crop producer participation and 
modification costs.  It is highly recommended that all critical cells and animal feeding areas be field verified in 
advance of implementing best management practices.   
 
Potential contributions of sediment from gullies, riparian areas, wind erosion and nutrients from septic systems 
within the Moccasin Creek watershed were not evaluated as part of the computer modeling assessment phase.  
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MOCCASIN CREEK WATERSHED AGNPS ANALYSIS 
 
In order to complement existing water quality data in the Moccasin Creek watershed, a computer model was 
selected in order to asses the Nonpoint source (NPS) loadings throughout the drainage.  The model selected was 
the Agricultural Nonpoint Source Pollution Model (AGNPS) version 3.65.  This model was developed by the 
USDA – Agricultural Research Service to analyze the water quality of runoff events in the watershed.  The 
model predicts runoff volume and peak rate, eroded and delivered sediment, nitrogen, phosphorus, and chemical 
oxygen demand (COD) concentrations in the runoff and sediment.  The model was designed to run utilizing a 
single storm event of equal magnitude for all acreage within the watershed.  The model then analyzes the runoff 
data from the headwaters of the watershed to the outlet.  The pollutants are routed in a step-wise fashion so the 
flow at any point may be examined.  The AGNPS model was to be used to objectively compare different sub-
watersheds and individual cells within a sub-watershed to other watersheds. 
 
The Moccasin Creek watershed is located in the southern half of central Brown County.  The size of the 
Moccasin Creek watershed that was modeled is 191,503 acres.  The watershed outlet drains into the James 
River approximately 13 miles southeast of Aberdeen.  The watershed was divided into cells, each of which had 
an area of 40 acres with the dimensions of 1,320 feet by 1,320 feet.  The dominant fluid flow direction within 
each cell was then determined.  Based on the fluid flow directions and drainage patterns, eight sub-watersheds 
were delineated.  Along with the dominant fluid flow direction, 26 watershed parameters were collected and 
entered into the model for each cell.  The model then calculated the nonpoint source pollution loadings for each 
cell, sub-watershed and animal feeding area and estimated hydrology runoff volume for each of the storm 
events modeled. 
 
AGNPS GOALS  
 
The primary objectives of running the AGNPS model on Moccasin Creek watershed was to: 
 
Evaluate and quantify NPS loadings from each sub-watershed. 
Define critical NPS cells within each sub-watershed (elevated sediment, nitrogen, phosphorus). 
Priority ranking of each animal feeding area and quantify the nutrient loadings from each area. 
 
The following is a brief overview of each objective:   
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OBJECTIVE 1 – EVALUATE AND QUANTIFY SUBWATERSHED LOADINGS 
 
DELINEATION OF SUBWATERSHEDS 
Based upon the fluid flow directions and drainage patterns, eight sub-watersheds were delineated: 
 
   

 SUBWATERSHED DRAINAGE AREA OUTLET CELL 
 #  (acre)  # 
 1 4,320 98 
 2a 13,840 343 
 2 2,800 70 
 3 7,560 186 
 4 12,600 280 
 5 17,320 53 
 6 34,760 869 
 7 12,560 305 

 
Moccasin Creek AGNPS model sub-watersheds and diagnostic feasibility water quality monitoring site sub-
watershed nutrient sediment loadings: 
 
SEDIMENT ANALYSIS 
 

Sub-  1 Month 6 Month 1 Year Annual Annual % of % of 25 Year % of  
Watershed Drainage Event Event Event Total Total Total  Water- Event Total  
Outlet Cell Area cell outlet cell outlet cell outlet Sediment  Sed. Sediment shed Tot. Yield Sed. 

# 1 (acres) (tons/acre) (tons/acre) (tons/acre) (tons/acre) (tons) Yield area (tons/acre) Yield 
98 4320 51.64 38.55 15.55 0.024       106 2.14% 4.16% 5789.57 1.19% 
343 13840 244.03 159.86 61.8 0.034       466 9.44% 13.14% 27013.16 5.55% 
70 2800 70.72 39.85 17.69 0.046       128 2.60% 2.60% 5409.7 1.11% 
186 7560 109.75 102.78 48.48 0.035       261 5.29% 7.14% 16379.02 3.36% 
280 12600 300.01 310.73 145.96 0.060       757 15.34% 11.90% 54346.78 11.16%
53 17320 386.81 407.68 191.38 0.057       986 19.99% 16.40% 107160.4 22.00%
869 34760 656.71 664.69 317.53 0.047    1,639 33.23% 32.80% 251104.8 51.55%
305 12560 196.76 196.76 196.76 0.047       590 11.97% 11.86% 19938.27 4.09% 

    TOTALS 0.34958   4,932 100 100 487141.7 100 
 
*Each sub-watershed outlet contained a water-sampling site, which caused the data above to be the same as the 
data for each individual sampling site. 
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Diagnostic  1 Month 6 Month 1 Year Annual Annual % of % of 25 Year % of  
Feasibility Drainage Event Event Event Total Total Total  Water- Event Total  
Monitoring Area cell outlet cell outlet cell outlet Sediment Sed. Sediment shed Tot. Yield Sediment
(site#) cell# (acres) (tons/acre) (tons/acre) (tons/acre) (tons/acre) (tons) Yield area (tons/acre) Yield 

(1)  98 4320 51.64 38.55 15.55 0.024477     106 2.14% 4.16% 5789.57 1.18% 
(2a)  343 13840 244.03 159.86 61.8 0.033648     466 9.44% 13.1% 27013.16 5.86% 
(2)  70 2800 70.72 39.85 17.69 0.045807     128 2.60% 2.60% 5409.7 1.04% 
(3)  186 7560 109.75 102.78 48.48 0.034525     261 5.29% 7.14% 16379.02 3.51% 
(4)  280 12600 300.01 310.73 145.96 0.060056     757 15.34% 11.9% 54346.78 10.38%
(5)  53 17320 386.81 407.68 191.38 0.056921     986 19.99% 16.4% 107160.4 20.63%
(6)  869 34760 656.71 664.69 317.53 0.04715  1,639 33.23% 32.8% 251104.8 53.08%
(7)  305 12560 196.76 196.76 196.76 0.046997     590 11.97% 11.9% 19938.27 4.33% 

    TOTALS 0.34958   4,932 100 100 487141.7 100 
 
Annual loadings were estimated by calculating the NPS loadings for an accumulation of rainfall events during 
an average year.  This includes a 1 year 24 hour event of 1.95 inches (EI = 21.5), four semi-annual or 6 month 
rainfall events of 1.29 inches (EI = 35.2), and a series of seven smaller, 1-month rainfall events of .84 inches (EI 
= 22.4) for a total “R” factor of 80. 
The 25 year event was modeled using a single rainfall event of 4.2 inches (EI = 109.5).  Rainfall events of less 
than .84 inches were modeled and found to produce insignificant amounts of sediment and nutrient yields. 
 
Moccasin Creek AGNPS model sub-watersheds and diagnostic feasibility water quality monitoring site sub-
watershed nutrient sediment loadings (continued): 
 
 
 
 
 
PHOSPHORUS ANALYSIS 
 

Sub-  1 Month 6 Month 1 Year Annual Annual % of % of 25 Year % of  
Watershed Drainage Event Event Event Total Total  Total  Water- Event Total  
Outlet Cell Area cell outlet cell outlet cell outlet Phos.  Phos. Phos. shed Total Phos. Phos. 

# (acres) (lbs/acre) (lbs/acre) (lbs/acre) (lbs/acre) (lbs) Yield area (lbs/acre) Yield 
98 4320 0.05 0.13 0.23 0.180       778 2.23% 4.16% 77.66 2.73% 
343 13840 0.05 0.13 0.23 0.180    2,491 7.14% 13.14% 241.4 8.49% 
70 2800 0.04 0.07 0.13 0.110       308 0.88% 2.60% 51.14 1.80% 
186 7560 0.08 0.18 0.29 0.260    1,966 5.63% 7.14% 184.51 6.49% 
280 12600 0.12 0.27 0.43 0.390    4,914 14.08% 11.90% 460.47 16.19%
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53 17320 0.1 0.24 0.37 0.340    5,889 16.87% 16.40% 605.31 21.28%
869 34760 0.09 0.22 0.35 0.310  10,776 30.87% 32.80% 1060.34 37.28%
305 12560 0.31 0.31 0.31 0.620    7,787 22.31% 11.86% 163.77 5.76% 

    TOTALS 2.39 34,908 100 100 2844.6 100 
 
*Each sub-watershed outlet contained a water-sampling site, which caused the data above to be the same as the 
data for each individual sampling site.  
 
Diagnostic  1 Month 6 Month 1 Year Annual Annual % of % of 25 Year % of  
Feasibility Drainage Event Event Event Total Total Total  Water- Event Total  
Monitoring Area cell outlet cell outlet cell outlet Phos. Phos. Phos. shed Total Phos. Phos. 
(site#) cell# (acres) (lbs/acre) (lbs/acre) (lbs/acre) (lbs/acre) (lbs) Yield area (lbs/acre) Yield 

(1)  98 4320 0.05 0.13 0.23 0.180       778 2.23% 4.16% 77.66 2.73% 
(2a)  343 13840 0.05 0.13 0.23 0.180    2,491 7.14% 13.14% 241.4 8.49% 
(2)  70 2800 0.04 0.07 0.13 0.110       308 0.88% 2.60% 51.14 1.80% 
(3)  186 7560 0.08 0.18 0.29 0.260    1,966 5.63% 7.14% 184.51 6.49% 
(4)  280 12600 0.12 0.27 0.43 0.390    4,914 14.08% 11.90% 460.47 16.19%
(5)  53 17320 0.1 0.24 0.37 0.340    5,889 16.87% 16.40% 605.31 21.28%
(6)  869 34760 0.09 0.22 0.35 0.310  10,776 30.87% 32.80% 1060.34 37.28%
(7)  305 12560 0.31 0.31 0.31 0.620    7,787 22.31% 11.86% 163.77 5.76% 

    TOTALS 2.39 34,908 100 100 2844.6 100 
 
Annual loadings were estimated by calculating the NPS loadings for an accumulation of rainfall events during 
an average year.  This includes a 1 year 24 hour event of 1.95 inches (EI = 21.5), four semi-annual or 6 month 
rainfall events of 1.29 inches (EI = 35.2), and a series of seven smaller, 1-month rainfall events of .84 inches (EI 
= 22.4) for a total “R” factor of 80. 
The 25 year event was modeled using a single rainfall event of 4.2 inches (EI = 109.5).  Rainfall events of less 
than .84 inches were modeled and found to produce insignificant amounts of sediment and nutrient yields. 
 
Moccasin Creek AGNPS model sub-watersheds and diagnostic feasibility water quality monitoring site sub-
watershed nutrient sediment loadings (continued): 
 
 
 
 
 
NITROGEN ANALYSIS 
 

Sub-  1 Month 6 Month 1 Year Annual Annual % of % of 25 Year % of  
Watershed Drainage Event Event Event  Total  Water- Event Total  
Outlet Cell Area cell outlet cell outlet cell outlet Total Nit. Total Nit. Nitrogen shed Total Nit. Nitrogen

# (acres) (lbs/acre) (lbs/acre) (lbs/acre) (lbs/acre) (lbs) Yield area (lbs/acre) Yield 
98 4320 0.19 0.54 0.99 0.73      3,154 2.46% 4.16% 281.11 2.89% 
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343 13840 0.2 0.56 1 0.76    10,518 8.08% 13.14% 864.89 8.90% 
70 2800 0.12 0.27 0.49 0.39      1,092 0.82% 2.60% 147.7 1.52% 
186 7560 0.32 0.78 1.34 1.1      8,316 6.13% 7.14% 653.49 6.72% 
280 12600 0.49 1.14 1.89 1.63    20,538 14.71% 11.90% 1617.16 16.64% 
53 17320 0.4 0.98 1.64 1.38    23,902 17.36% 16.40% 2027.47 20.85% 
869 34760 0.34 0.9 1.54 1.24    43,102 32.07% 32.80% 3606.44 37.10% 
305 12560 1.47 1.47 1.47 2.94    36,926 18.37% 11.86% 596.39 6.08% 

    TOTALS 10.17 147,548 100 100 9794.65 100 
 
*Each sub-watershed outlet contained a water-sampling site, which caused the data above to be the same as the 
data for each individual sampling site.   
  
Diagnostic  1 Month 6 Month 1 Year Annual Annual % of % of 25 Year % of  
Feasibility Drainage Event Event Event   Total  Water- Event Total  
Monitoring Area cell outlet cell outlet cell outlet Total Nit. Total Nit. Nitrogen shed Total Nit. Nitrogen
(site#) cell# (acres) (lbs/acre) (lbs/acre) (lbs/acre) (lbs/acre) (lbs) Yield area (lbs/acre) Yield 

(1)  98 4320 0.19 0.54 0.99 0.73       3,154 2.46% 4.16% 281.11 2.89% 
(2a)  343 13840 0.2 0.56 1 0.76     10,518 8.08% 13.14% 864.89 8.90% 
(2)  70 2800 0.12 0.27 0.49 0.39       1,092 0.82% 2.60% 147.7 1.52% 
(3)  186 7560 0.32 0.78 1.34 1.1       8,316 6.13% 7.14% 653.49 6.72% 
(4)  280 12600 0.49 1.14 1.89 1.63     20,538 14.71% 11.90% 1617.16 16.64%
(5)  53 17320 0.4 0.98 1.64 1.38     23,902 17.36% 16.40% 2027.47 20.85%
(6)  869 34760 0.34 0.9 1.54 1.24     43,102 32.07% 32.80% 3606.44 37.10%
(7)  305 12560 1.47 1.47 1.47 2.94     36,926 18.37% 11.86% 596.39 6.08% 

    TOTALS 10.17   147,548 100 100 9794.65 100 
 
Annual loadings were estimated by calculating the NPS loadings for an accumulation of rainfall events during 
an average year.  This includes a 1 year 24 hour event of 1.95 inches (EI = 21.5), four semi-annual or 6 month 
rainfall events of 1.29 inches (EI = 35.2), and a series of seven smaller, 1-month rainfall events of .84 inches (EI 
= 22.4) for a total “R” factor of 80. 
The 25 year event was modeled using a single rainfall event of 4.2 inches (EI = 109.5).  Rainfall events of less 
than .84 inches were modeled and found to produce insignificant amounts of sediment and nutrient yields.   
 
 
SEDIMENT YIELD RESULTS 
 
The AGNPS model calculated that the Moccasin Creek watershed had a moderate to low sediment 
deliverability rate.  The estimated annual load delivered to the James River was 4,534 ton/year or 
.04lb/acre/year.  A comparison of the sub-watershed totals for sediment yield to the aerial sizes is as follows: 
 
  % OF TOTAL    
SUBWATERSHED  SUBWATERSHED % OF WATERSHED  # OF CRITICAL CELLS 

number (cell #)  SEDIMENT LOAD AREA  (cell erosion >2 tons/acre) 
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1 (98)  2.34% 4.16%  0 
2a (343)  10.27% 13.14%  0 
2 (70)  2.82% 2.60%  0 
3 (186)  5.75% 7.14%  0 
4 (280)  16.69% 11.90%  3 
5 (53)  21.75% 16.40%  26 
6 (869)  36.15% 32.80%  65 
7 (305)  4.23% 11.86%  0 

TOTAL  100 100  94 
 
Sub-watersheds 4 (#280), 5(#53), and 6(#869) appeared to be delivering the largest amount of sediment to the 
watershed.  The three sub-watersheds yield 74.59% of the sediment delivered by the entire watershed while 
occupying only 61.1% of the total watershed acreage.  The three sub-watersheds contained 100% of the critical 
erosion cells.  The high sediment yield can be attributed to land use and land slope.  The source is primarily 
from agricultural land with slopes of 3% or above accompanied by a relatively high c-factor.  The conversion of 
this acreage to high residue management system or rangeland should reduce the volume of sediment delivered 
to the James River. 
 
 
NUTRIENT YIELD RESULTS 
 
The AGNPS data indicates that the Moccasin Creek watershed has a total phosphorus (sediment bound + water-
soluble) deliverability rate of .58 lb/acre/year (equivalent to 31 tons) and a total nitrogen (sediment bound + 
water-soluble) deliverability rate of 2.46 lb/acre/year (equivalent to 130 tons). 
 
Sub-watersheds 4(#280), 5(#53) and 6(#869) appeared to be contributing higher levels of total phosphorus and 
nitrogen to the watershed.  These three sub-watersheds contain 81% of the critical phosphorus cells and 78% of 
the critical nitrogen cells within the watershed.  Collectively the critical sub-watersheds deliver 45,571 lbs. of 
phosphorus and 193,291 lbs. of nitrogen to the watershed in an average year.  This calculates out to be 75% of 
the total phosphorus load and 74% of the total nitrogen load for the entire watershed. 
The critical nitrogen sub-watersheds are as follows: 
 
  % OF TOTAL    
SUBWATERSHED  SUBWATERSHED % OF WATERSHED  # OF CRITICAL CELLS 

number (cell #)  NITROGEN  LOAD AREA  (total nitro. > 8 lbs/acre)  
1 (98)  2.85% 4.16%  2 

2a (343)  9.38% 13.14%  5 
2 (70)  0.98% 2.60%  0 
3 (186)  7.10% 7.14%  2 
4 (280)  17.08% 11.90%  21 
5 (53)  20.13% 16.40%  3 
6 (869)  37.21% 32.80%  18 
7 (305)  5.27% 11.86%  3 
TOTAL  100 100  54 
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The critical phosphorus sub-watersheds are as follows: 
 
  % OF TOTAL    
SUBWATERSHED  SUBWATERSHED % OF WATERSHED  # OF CRITICAL CELLS 

number (cell #)  PHOSPHORUS  LOAD AREA  (total Phos.> 2.35 lbs/acre) 
1 (98)  2.90% 4.16%  2 

2a (343)  9.29% 13.14%  5 
2 (70)  1.09% 2.60%  0 
3 (186)  6.80% 7.14%  1 
4 (280)  16.92% 11.90%  17 
5 (53)  20.12% 16.40%  7 
6 (869)  37.54% 32.80%  15 
7 (305)  5.34% 11.86%  1 
TOTAL  100 100  48 

 
There are a total of 76 feedlots within Moccasin Creek watershed.  Sixteen of these feedlots were given an 
AGNPS rating of 50 or greater.  Thirteen of these sixteen feeding areas were located in sub-watersheds 4,5 and 
6.  This suggests that the high levels of phosphorus and nitrogen are a result of the feedlots that exist in these 
areas.  
 
 
 
 
 
 
OBJECTIVE 2 – IDENTIFICATION OF CRITICAL NPS CELLS (ANNUALIZED) 
 

 Critical Cell  Critical Total   Critical Total 
Sub- Cell  Erosion Sub- Cell Phosphorus Sub- Cell  Nitrogen

Watershed # (tons/acre) Watershed # (lbs/acre) Watershed # (lbs/acre)
MC6 691 6.23 MC5 286 12.66 MC5 286 63.05 
MC6 723 5.37 MC4 315 6.4 MC4 315 22.74 
MC6 596 5.01 MC2a 20 5.56 MC2a 20 21.62 
MC6 783 4.88 MC2a 13 4.55 MC4 4 17.85 
MC6 370 4.62 MC4 4 4.54 MC2a 13 15.22 
MC4 280 4.59 MC4 311 3.98 MC4 311 14.16 
MC6 741 4.44 MC6 783 3.9 MC4 314 13.54 
MC6 624 4.35 MC4 314 3.86 MC4 30 13.46 
MC6 771 4.29 MC4 30 3.76 MC1 60 12.79 
MC6 628 4.28 MC1 60 3.29 MC1 80 12.41 
MC5 273 4.25 MC6 337 3.26 MC5 290 11.43 
MC6 720 4.15 MC6 629 3.22 MC7 198 11.41 
MC6 659 3.96 MC6 681 3.18 MC2a 25 10.89 
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MC6 625 3.88 MC1 80 3.1 MC4 309 10.64 
MC5 140 3.83 MC4 309 2.99 MC7 49 10.61 
MC5 161 3.83 MC4 3 2.92 MC4 3 9.59 
MC5 257 3.74 MC2a 25 2.78 MC4 134 9.23 
MC6 681 3.74 MC4 134 2.74 MC2a 124 9.11 
MC6 158 3.6 MC6 857 2.74 MC4 25 8.96 
MC6 660 3.6 MC7 198 2.72 MC4 35 8.96 
MC6 682 3.54 MC2a 124 2.68 MC4 77 8.96 
MC6 629 3.48 MC6 790 2.67 MC4 213 8.96 
MC6 569 3.37 MC6 653 2.61 MC6 783 8.91 
MC6 402 3.28 MC4 25 2.6 MC4 76 8.84 
MC6 337 3.27 MC4 35 2.6 MC4 214 8.84 
MC5 272 3.25 MC4 77 2.6 MC6 411 8.75 
MC6 847 3.25 MC4 213 2.6 MC6 592 8.68 
MC6 683 3.24 MC4 76 2.54 MC2a 195 8.66 
MC6 212 3.2 MC4 214 2.54 MC7 107 8.64 
MC6 431 3.12 MC4 91 2.53 MC5 209 8.63 
MC5 139 3.11 MC6 411 2.5 MC6 534 8.62 
MC6 684 3.03 MC6 449 2.48 MC4 304 8.48 
MC5 172 3 MC6 592 2.46 MC3 65 8.45 
MC6 784 3 MC2a 195 2.45 MC6 358 8.42 
MC6 846 3 MC5 152 2.43 MC6 525 8.34 
MC6 654 2.94 MC5 209 2.43 MC6 591 8.32 
MC6 688 2.94 MC6 534 2.43 MC6 653 8.32 
MC6 197 2.9 MC5 290 2.41 MC6 496 8.28 

 Critical Cell  Critical Total   Critical Total 
Sub- Cell  Erosion Sub- Cell Phosphorus Sub- Cell  Nitrogen

Watershed # (tons/acre) Watershed # (lbs/acre) Watershed # (lbs/acre)
MC6 140 2.85 MC6 369 2.39 MC3 157 8.23 
MC6 795 2.85 MC6 448 2.39 MC6 648 8.2 
MC6 373 2.81 MC4 71 2.36 MC4 144 8.17 
MC5 68 2.8 MC5 18 2.36 MC4 145 8.17 
MC5 269 2.8 MC6 234 2.36 MC4 147 8.17 
MC5 287 2.8 MC6 567 2.36 MC4 160 8.17 
MC5 334 2.72 MC3 65 2.35 MC4 174 8.17 
MC6 742 2.71 MC4 304 2.35 MC4 176 8.17 
MC6 366 2.65 MC5 306 2.35 MC6 609 8.16 
MC6 433 2.59 MC7 49 2.35 MC6 493 8.14 
MC6 686 2.59    MC6 619 8.09 
MC6 816 2.59    MC6 649 8.09 
MC6 718 2.55    MC6 860 8.06 
MC5 289 2.52    MC6 238 8.04 
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MC6 189 2.52    MC6 561 8.04 
MC6 790 2.51    MC6 564 8.04 
MC6 570 2.49       
MC5 49 2.47       
MC6 85 2.46       
MC5 237 2.45       
MC5 292 2.4       
MC5 180 2.39       
MC6 593 2.38       
MC6 719 2.38       
MC5 81 2.28       
MC5 98 2.28       
MC5 141 2.28       
MC5 256 2.28       
MC5 260 2.28       
MC5 261 2.28       
MC5 262 2.28       
MC5 297 2.28       
MC6 95 2.28       
MC6 97 2.28       
MC6 211 2.28       
MC6 268 2.28       
MC6 194 2.27       
MC6 404 2.24       
MC6 196 2.23       

 Critical Cell       
Sub- Cell  Erosion       

Watershed # (tons/acre)       
MC6 566 2.23       
MC6 568 2.23       
MC6 303 2.21       
MC6 430 2.2       
MC4 179 2.15       
MC5 274 2.12       
MC6 270 2.1       
MC6 338 2.1       
MC6 505 2.1       
MC6 867 2.1       
MC5 291 2.09       
MC6 277 2.09       
MC6 495 2.09       
MC6 29 2.05       
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MC6 139 2.05       
MC4 91 2.04       
MC6 754 2.03       

         
         
         
         

 
An analysis of Moccasin Creek watershed indicated that there were approximately 94 cells having erosion rates 
greater than 2 tons/acre.  This was only 3.6% of the total number of cells found in the Moccasin Creek 
watershed.  The model indicated that the majority of these cells were located in areas that had a land slope of 
2% or greater as well as the combination of a high c-factor and low surface condition constant. 
 
The model showed 48 cells that would be considered critical phosphorus yield cells.  These 48 cells account for 
less than 2% of the total watershed area.  There were also 54 cells that were flagged as critical nitrogen yield 
cells.  The nitrogen critical cells accounted for 2% of the total watershed area.  The critical nutrient cells were 
found in areas where there were feedlots with large numbers of livestock located near the creek.   
 
These designated critical cells should be considered for modification through the implementation of BMP’s.  
They should be field verified for accuracy before any installation of BMP’s. 
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OBJECTIVE 3 – PRIORITY RANKING OF ANIMAL FEEDING AREAS 
 
MC1 
  
Cell #   74   
      
 Nitrogen concentration (ppm)     38.149 
 Phosphorus concentration (ppm)   10.269 
 COD concentration (ppm)         525.982 
 Nitrogen mass (lbs)             103.967 
 Phosphorus mass (lbs)            27.987 
 COD mass (lbs)                 1433.461 
 
 Animal feedlot rating number         34 
 
 
 Cell #   94  
 
 Nitrogen concentration (ppm)     13.768 
 Phosphorus concentration (ppm)    9.735 
 COD concentration (ppm)         472.063 
 Nitrogen mass (lbs)               7.069 
 Phosphorus mass (lbs)             4.998 
 COD mass (lbs)                  242.368 
 
 Animal feedlot rating number         10 
  

Cell #   99  
 
 Nitrogen concentration (ppm)     42.261 
 Phosphorus concentration (ppm)    6.209 
 COD concentration (ppm)         328.696 
 Nitrogen mass (lbs)              36.868 
 Phosphorus mass (lbs)             5.416 
 COD mass (lbs)                  286.747 
 
 Animal feedlot rating number         13 
  
 
Cell #   99  
 
 Nitrogen concentration (ppm)     54.000 
 Phosphorus concentration (ppm)    7.933 
 COD concentration (ppm)         420.000 
 Nitrogen mass (lbs)              15.016 
 Phosphorus mass (lbs)             2.206 
 COD mass (lbs)                  116.794 
 
 Animal feedlot rating number          1 

Cell #    94  
 
 Nitrogen concentration (ppm)    180.000 
 Phosphorus concentration (ppm)   51.000 
 COD concentration (ppm)        2700.000 
 Phosphorus mass (lbs)            36.173 
 Nitrogen mass (lbs)             127.670 
  COD mass (lbs)                1915.044 
  
 Animal feedlot rating number         36 
 
_________________________________________________________________________________________
_________________ 
 
 
MC2a 
 
 
Cell #   13  
 
 Nitrogen concentration (ppm)     45.469 
 Phosphorus concentration (ppm)   17.820 
 COD concentration (ppm)         816.307 
 Nitrogen mass (lbs)              93.527 
 Phosphorus mass (lbs)            36.654 
 COD mass (lbs)                 1679.085 
 
 Animal feedlot rating number         36 
 

  
 Cell #   13  
 
 Nitrogen concentration (ppm)    218.400 
 Phosphorus concentration (ppm)   61.880 
 COD concentration (ppm)        3276.000 
 Nitrogen mass (lbs)             505.647 
 Phosphorus mass (lbs)           143.267 
 COD mass (lbs)                 7584.712 
 
 Animal feedlot rating number         56 
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Cell #   20  
 
 Nitrogen concentration (ppm)     56.584 
 Phosphorus concentration (ppm)   14.615 
 COD concentration (ppm)         747.022 
 Nitrogen mass (lbs)             642.104 
 Phosphorus mass (lbs)           165.843 
 COD mass (lbs)                 8477.009 
 
 Animal feedlot rating number         61 
 
  
 Cell #   20  
 
 Nitrogen concentration (ppm)     26.029 
 Phosphorus concentration (ppm)    9.237 
 COD concentration (ppm)         408.260 
 Nitrogen mass (lbs)              97.944 
 Phosphorus mass (lbs)            34.757 
 COD mass (lbs)                 1536.242 
 
 Animal feedlot rating number         35 
 
 
Cell #   60  
 
 Nitrogen concentration (ppm)     42.900 
 Phosphorus concentration (ppm)    5.610 
 COD concentration (ppm)         891.000 
 Nitrogen mass (lbs)              26.932 
 Phosphorus mass (lbs)             3.522 
 COD mass (lbs)                  559.367 
 
 Animal feedlot rating number         21 
 
  
 Cell #   76  
 
 Nitrogen concentration (ppm)     33.512 
 Phosphorus concentration (ppm)    8.220 
 COD concentration (ppm)         393.391 
 Nitrogen mass (lbs)             203.566 
 Phosphorus mass (lbs)            49.932 
 COD mass (lbs)                 2389.597 
 
 Animal feedlot rating number         41 
 
 
 
 
 
 
 
 
 

 
 
Cell #  173  
 
 Nitrogen concentration (ppm)    253.636 
 Phosphorus concentration (ppm)   69.082 
 COD concentration (ppm)        3640.909 
 Nitrogen mass (lbs)             218.256 
 Phosphorus mass (lbs)            59.446 
 COD mass (lbs)                 3133.035 
 
 Animal feedlot rating number         42 
 
  
 Cell #  173  
 
 Nitrogen concentration (ppm)     34.020 
 Phosphorus concentration (ppm)    4.998 
 COD concentration (ppm)         264.600 
 Nitrogen mass (lbs)              28.303 
 Phosphorus mass (lbs)             4.158 
 COD mass (lbs)                  220.134 
 
 Animal feedlot rating number          9 
 
 
Cell #  176  
 
 Nitrogen concentration (ppm)     23.400 
 Phosphorus concentration (ppm)    3.060 
 COD concentration (ppm)         486.000 
 Nitrogen mass (lbs)              19.217 
 Phosphorus mass (lbs)             2.513 
 COD mass (lbs)                  399.123 
 
 Animal feedlot rating number         17 
 
Cell #  219  
 
 Nitrogen concentration (ppm)     26.250 
 Phosphorus concentration (ppm)    7.438 
 COD concentration (ppm)         393.750 
 Nitrogen mass (lbs)              64.885 
 Phosphorus mass (lbs)            18.384 
 COD mass (lbs)                  973.282 
 
 Animal feedlot rating number         29 
 
  Cell #  219  
 
 Nitrogen concentration (ppm)     40.026 
 Phosphorus concentration (ppm)    8.825 
 COD concentration (ppm)         462.209 
 Nitrogen mass (lbs)             106.565 
 Phosphorus mass (lbs)            23.495 
 COD mass (lbs)                 1230.572 
 Animal feedlot rating number         32
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MC2 
 
Cell #   54  
 
 Nitrogen concentration (ppm)     22.203 
 Phosphorus concentration (ppm)    3.047 
 COD concentration (ppm)         398.092 
 Nitrogen mass (lbs)              19.266 
 Phosphorus mass (lbs)             2.644 
 COD mass (lbs)                  345.428 
 
 Animal feedlot rating number         14 
 

 Cell #   54  
 
 Nitrogen concentration (ppm)     51.955 
 Phosphorus concentration (ppm)   13.214 
 COD concentration (ppm)         699.545 
 Nitrogen mass (lbs)             114.208 
 Phosphorus mass (lbs)            29.047 
 COD mass (lbs)                 1537.757 
 
 Animal feedlot rating number         35 
 

_________________________________________________________________________________________ 
 
MC3 
 
Cell #   34  
 
 Nitrogen concentration (ppm)     20.212 
 Phosphorus concentration (ppm)    2.718 
 COD concentration (ppm)         386.941 
 Nitrogen mass (lbs)              35.973 
 Phosphorus mass (lbs)             4.837 
 COD mass (lbs)                  688.657 
 
 Animal feedlot rating number         24 
_________________________________________________________________________________________ 
 
MC4 
 
 
Cell #    4  
 
 Nitrogen concentration (ppm)     21.454 
 Phosphorus concentration (ppm)    3.372 
 COD concentration (ppm)         264.115 
 Nitrogen mass (lbs)             200.427 
 Phosphorus mass (lbs)            31.498 
 COD mass (lbs)                 2467.442 
 
 Animal feedlot rating number         41 
 
  
 Cell #    4  
 
 Nitrogen concentration (ppm)     74.904 
 Phosphorus concentration (ppm)   20.510 
 COD concentration (ppm)        1062.478 
 Nitrogen mass (lbs)             883.175 
 Phosphorus mass (lbs)           241.830 
 COD mass (lbs)                12527.410 
 
 Animal feedlot rating number         67 
 
 
 

Cell #   30  
 
 Nitrogen concentration (ppm)     35.580 
 Phosphorus concentration (ppm)    9.205 
 COD concentration (ppm)         458.613 
 Nitrogen mass (lbs)             179.765 
 Phosphorus mass (lbs)            46.508 
 COD mass (lbs)                 2317.112 
 
 Animal feedlot rating number         41 
 
  
 Cell #  265  
 
 Nitrogen concentration (ppm)    157.146 
 Phosphorus concentration (ppm)   42.259 
 COD concentration (ppm)        2219.168 
 Nitrogen mass (lbs)             768.969 
 Phosphorus mass (lbs)           206.789 
 COD mass (lbs)                10859.150 
 
 Animal feedlot rating number         63 
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Cell #  265  
 
 Nitrogen concentration (ppm)     16.370 
 Phosphorus concentration (ppm)    4.391 
 COD concentration (ppm)         224.346 
 Nitrogen mass (lbs)              74.429 
 Phosphorus mass (lbs)            19.964 
 COD mass (lbs)                 1020.032 
 
 Animal feedlot rating number         30 
 
Cell #  277  
 
 Nitrogen concentration (ppm)     13.892 
 Phosphorus concentration (ppm)    6.970 
 COD concentration (ppm)         328.600 
 Nitrogen mass (lbs)              15.161 
 Phosphorus mass (lbs)             7.607 
 COD mass (lbs)                  358.613 
 
 Animal feedlot rating number         15 
 
  
 
 
 
 
 
 
 
 
 
 

Cell #  311  
 
 Nitrogen concentration (ppm)    164.711 
 Phosphorus concentration (ppm)   46.552 
 COD concentration (ppm)        2460.686 
 Nitrogen mass (lbs)             827.766 
 Phosphorus mass (lbs)           233.948 
 COD mass (lbs)                12366.300 
 
 Animal feedlot rating number         65 
 
Cell #  315  
 
 Nitrogen concentration (ppm)    128.000 
 Phosphorus concentration (ppm)   34.227 
 COD concentration (ppm)        1800.000 
 Nitrogen mass (lbs)             454.776 
 Phosphorus mass (lbs)           121.605 
 COD mass (lbs)                 6395.284 
 
 Animal feedlot rating number         55 
 
 
 Cell #  315  
 
 Nitrogen concentration (ppm)    154.155 
 Phosphorus concentration (ppm)   43.542 
 COD concentration (ppm)        2300.701 
 Nitrogen mass (lbs)             342.244 
 Phosphorus mass (lbs)            96.668 
 COD mass (lbs)                 5107.844 
 
 Animal feedlot rating number         51

__________________________________________________________________________ 
 
 
MC5 
 
 
 
Cell #  138  
 
 Nitrogen concentration (ppm)     53.077 
 Phosphorus concentration (ppm)   14.854 
 COD concentration (ppm)         780.334 
 Nitrogen mass (lbs)             426.563 
 Phosphorus mass (lbs)           119.376 
 COD mass (lbs)                 6271.250 
 
 Animal feedlot rating number         57 
 
  
 
 
 
 
 

 Cell #  244  
 
 Nitrogen concentration (ppm)    148.954 
 Phosphorus concentration (ppm)   41.863 
 COD concentration (ppm)        2205.108 
 Nitrogen mass (lbs)             412.873 
 Phosphorus mass (lbs)           116.036 
 COD mass (lbs)                 6112.157 
 
 Animal feedlot rating number         54 
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 Cell #  286  
 
 Nitrogen concentration (ppm)    234.124 
 Phosphorus concentration (ppm)   30.082 
 COD concentration (ppm)        1573.019 
 Nitrogen mass (lbs)            1294.345 
 Phosphorus mass (lbs)           166.306 
 COD mass (lbs)                 8696.368 
 
 Animal feedlot rating number         60 
 
  
 Cell #  286  
 
 Nitrogen concentration (ppm)    116.760 
 Phosphorus concentration (ppm)   32.969 
 COD concentration (ppm)        1741.682 
 Nitrogen mass (lbs)             296.712 
 Phosphorus mass (lbs)            83.780 
 COD mass (lbs)                 4425.959 
 
 Animal feedlot rating number         49 
 

 Cell #  286  
 
 Nitrogen concentration (ppm)    152.984 
 Phosphorus concentration (ppm)   42.766 
 COD concentration (ppm)        2245.069 
 Nitrogen mass (lbs)             306.578 
 Phosphorus mass (lbs)            85.702 
 COD mass (lbs)                 4499.080 
 
 Animal feedlot rating number         49 
 
  
 Cell #  286  
 
 Nitrogen concentration (ppm)     80.677 
 Phosphorus concentration (ppm)   21.941 
 COD concentration (ppm)        1131.538 
 Nitrogen mass (lbs)             593.612 
 Phosphorus mass (lbs)           161.442 
 COD mass (lbs)                 8325.776 
 
 Animal feedlot rating number         60 

Cell #  290      
  
 Nitrogen concentration (ppm)     27.739 
 Phosphorus concentration (ppm)    4.390 
 COD concentration (ppm)         391.961 
 Nitrogen mass (lbs)             619.391 
 Phosphorus mass (lbs)            98.025 
 COD mass (lbs)                 8752.271 
 
 Animal feedlot rating number         63 
 

Cell #  421  
 
 Nitrogen concentration (ppm)     84.767 
 Phosphorus concentration (ppm)   14.710 
 COD concentration (ppm)        1416.657 
 Nitrogen mass (lbs)             297.670 
 Phosphorus mass (lbs)            51.658 
 COD mass (lbs)                 4974.751 
 
 Animal feedlot rating number         51

_________________________________________________________________________________________ 
 
MC6 
 
Cell #  123  
 
 Nitrogen concentration (ppm)    151.887 
 Phosphorus concentration (ppm)   28.986 
 COD concentration (ppm)        2497.554 
 Nitrogen mass (lbs)             605.442 
 Phosphorus mass (lbs)           115.543 
 COD mass (lbs)                 9955.577 
 
 Animal feedlot rating number         61 
 
  
  
 
 
 
 
 
 

 
Cell #  179  
 
 Nitrogen concentration (ppm)     93.457 
 Phosphorus concentration (ppm)   17.443 
 COD concentration (ppm)        1579.402 
 Nitrogen mass (lbs)             447.376 
 Phosphorus mass (lbs)            83.502 
 COD mass (lbs)                 7560.602 
 
 Animal feedlot rating number         58 
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Cell #  189  
 
 Nitrogen concentration (ppm)     25.090 
 Phosphorus concentration (ppm)   10.638 
 COD concentration (ppm)         492.016 
 Nitrogen mass (lbs)              52.667 
 Phosphorus mass (lbs)            22.331 
 COD mass (lbs)                 1032.814 
 
 Animal feedlot rating number         30 
 
 
 Cell #  248  
 
 Nitrogen concentration (ppm)     52.898 
 Phosphorus concentration (ppm)   14.238 
 COD concentration (ppm)         729.243 
 Nitrogen mass (lbs)              47.616 
 Phosphorus mass (lbs)            12.817 
 COD mass (lbs)                  656.420 
 
 Animal feedlot rating number         22 
 
 
 Cell #  259  
 
 Nitrogen concentration (ppm)     55.576 
 Phosphorus concentration (ppm)   15.146 
 COD concentration (ppm)         782.144 
 Nitrogen mass (lbs)              72.027 
 Phosphorus mass (lbs)            19.629 
 COD mass (lbs)                 1013.662 
 
 Animal feedlot rating number         28 
  
 Cell #  330  
 
 Nitrogen concentration (ppm)     43.436 
 Phosphorus concentration (ppm)   10.744 
 COD concentration (ppm)         551.963 
 Nitrogen mass (lbs)              57.047 
 Phosphorus mass (lbs)            14.111 
 COD mass (lbs)                  724.925 
 
 Animal feedlot rating number         24 
  
 Cell #  334  
  
 Nitrogen concentration (ppm)     56.552 
 Phosphorus concentration (ppm)   25.725 
 COD concentration (ppm)        1200.087 
 Nitrogen mass (lbs)              45.963 
 Phosphorus mass (lbs)            20.908 
 COD mass (lbs)                  975.366 
 Animal feedlot rating number         28 

  
 Cell #  346  
 
 Nitrogen concentration (ppm)     55.376 
 Phosphorus concentration (ppm)    8.162 
 COD concentration (ppm)         427.026 
 Nitrogen mass (lbs)              41.698 
 Phosphorus mass (lbs)             6.146 
 COD mass (lbs)                  321.549 
 
 Animal feedlot rating number         14 
  
 Cell #  653  
 
 Nitrogen concentration (ppm)    174.216 
 Phosphorus concentration (ppm)   49.191 
 COD concentration (ppm)        2598.649 
 Nitrogen mass (lbs)             181.565 
 Phosphorus mass (lbs)            51.266 
 COD mass (lbs)                 2708.274 
 
 Animal feedlot rating number         41 
 
 
 
Cell #  669  
 
 Nitrogen concentration (ppm)     99.000 
 Phosphorus concentration (ppm)   28.050 
 COD concentration (ppm)        1485.000 
 Nitrogen mass (lbs)              35.982 
 Phosphorus mass (lbs)            10.195 
 COD mass (lbs)                  539.733 
 
 Animal feedlot rating number         20 
 
Cell #  714 000 
 
 Nitrogen concentration (ppm)     28.738 
 Phosphorus concentration (ppm)   13.265 
 COD concentration (ppm)         617.477 
 Nitrogen mass (lbs)              63.777 
 Phosphorus mass (lbs)            29.438 
 COD mass (lbs)                 1370.328 
 
 Animal feedlot rating number         33 
 
  Cell #  732  
 
 Nitrogen concentration (ppm)     72.627 
 Phosphorus concentration (ppm)   30.085 
 COD concentration (ppm)        1389.662 
 Nitrogen mass (lbs)             155.186 
 Phosphorus mass (lbs)            64.286 
 COD mass (lbs)                 2969.387 
 
 Animal feedlot rating number         44 
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  Cell #  774  
 
 Nitrogen concentration (ppm)     11.611 
 Phosphorus concentration (ppm)    3.735 
 COD concentration (ppm)         156.224 
 Nitrogen mass (lbs)              64.618 
 Phosphorus mass (lbs)            20.788 
 COD mass (lbs)                  869.394 
 
 Animal feedlot rating number         25 
 
  Cell #  848  
 
 Nitrogen concentration (ppm)     39.841 
 Phosphorus concentration (ppm)   11.139 
 COD concentration (ppm)         584.850 
 Nitrogen mass (lbs)             148.046 
 Phosphorus mass (lbs)            41.393 
 COD mass (lbs)                 2173.261 
 
 Animal feedlot rating number         40 

 
 
 
 
 
 
 
 
 
 
 
Cell #  854  
 
 Nitrogen concentration (ppm)     46.357 
 Phosphorus concentration (ppm)    6.115 
 COD concentration (ppm)         939.462 
 Nitrogen mass (lbs)              90.586 
 Phosphorus mass (lbs)            11.950 
 COD mass (lbs)                 1835.818 
 
Animal feedlot rating number         37 

MC7 
 
Cell #   49  
 
 Nitrogen concentration (ppm)     28.361 
 Phosphorus concentration (ppm)    6.889 
 COD concentration (ppm)         327.106 
 Nitrogen mass (lbs)             191.529 
 Phosphorus mass (lbs)            46.521 
 COD mass (lbs)                 2209.049 
 
 Animal feedlot rating number         40 
  
 Cell #   49  
 
 Nitrogen concentration (ppm)     17.787 
 Phosphorus concentration (ppm)    3.447 
 COD concentration (ppm)         137.757 
 Nitrogen mass (lbs)             127.669 
 Phosphorus mass (lbs)            24.744 
 COD mass (lbs)                  988.793 
 
 Animal feedlot rating number         24 
 
Cell #   90  
 
 Nitrogen concentration (ppm)     41.713 
 Phosphorus concentration (ppm)   17.421 
 COD concentration (ppm)         802.892 
 Nitrogen mass (lbs)              83.965 
 Phosphorus mass (lbs)            35.067 
 COD mass (lbs)                 1616.165 
 
 Animal feedlot rating number         35 
 

 Cell #   93  
 
 Nitrogen concentration (ppm)    109.091 
 Phosphorus concentration (ppm)   30.909 
 COD concentration (ppm)        1636.364 
 Nitrogen mass (lbs)             107.986 
 Phosphorus mass (lbs)            30.596 
 COD mass (lbs)                 1619.795 
 
 Animal feedlot rating number         34 
 
Cell #  107  
 
 Nitrogen concentration (ppm)     48.086 
 Phosphorus concentration (ppm)   12.230 
 COD concentration (ppm)         615.610 
 Nitrogen mass (lbs)             287.398 
 Phosphorus mass (lbs)            73.096 
 COD mass (lbs)                 3679.344 
 
 Animal feedlot rating number         48 
 
 Cell #  112  
 
 Nitrogen concentration (ppm)    138.772 
 Phosphorus concentration (ppm)   38.930 
 COD concentration (ppm)        2048.258 
 Nitrogen mass (lbs)              94.990 
 Phosphorus mass (lbs)            26.648 
 COD mass (lbs)                 1402.043 
 
 Animal feedlot rating number         32 
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 Cell #  112  
 
 Nitrogen concentration (ppm)     89.797 
 Phosphorus concentration (ppm)   25.100 
 COD concentration (ppm)        1317.591 
 Nitrogen mass (lbs)              46.498 
 Phosphorus mass (lbs)            12.997 
 COD mass (lbs)                  682.266 
 
 Animal feedlot rating number         23 
 
Cell #  204  
 
 Nitrogen concentration (ppm)     13.225 
 Phosphorus concentration (ppm)    6.155 
 COD concentration (ppm)         286.537 
 Nitrogen mass (lbs)              24.241 
 Phosphorus mass (lbs)            11.281 
 COD mass (lbs)                  525.213 
 
 Animal feedlot rating number         21 
 
  
 Cell #  236  
 
 Nitrogen concentration (ppm)     84.545 
 Phosphorus concentration (ppm)   23.955 
 COD concentration (ppm)        1268.182 
 Nitrogen mass (lbs)             129.456 
 Phosphorus mass (lbs)            36.679 
 COD mass (lbs)                 1941.843 
 
 Animal feedlot rating number         37 
 
 
 Cell #  245  
 
 Nitrogen concentration (ppm)     39.943 
 Phosphorus concentration (ppm)    5.891 
 COD concentration (ppm)         307.498 
 Nitrogen mass (lbs)             101.996 
 Phosphorus mass (lbs)            15.042 
 COD mass (lbs)                  785.203 
 
 Animal feedlot rating number         26 
 
  
 Cell #  259  
 
 Nitrogen concentration (ppm)     17.086 
 Phosphorus concentration (ppm)    2.723 
 COD concentration (ppm)         103.038 
 Nitrogen mass (lbs)             105.541 
 Phosphorus mass (lbs)            16.817 
 COD mass (lbs)                  636.457 
 
 Animal feedlot rating number         15 

  Cell #  300  
 
 Nitrogen concentration (ppm)     61.068 
 Phosphorus concentration (ppm)   16.571 
 COD concentration (ppm)         869.377 
 Nitrogen mass (lbs)             347.171 
 Phosphorus mass (lbs)            94.207 
 COD mass (lbs)                 4942.399 
 
 Animal feedlot rating number         52 
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Of the 76 feeding areas defined, 63 had an AGNPS rating greater than 1when modeled using a 
25-year frequency storm event.  Of these 63 feeding areas listed above, only 16 had an AGNPS 
rating of 50 or above.  An analysis to evaluate the impacts of these feeding areas on Moccasin 
Creek watershed was performed by running the model with the feedlots ranked 50 or greater 
absent.  The resulting data was then compared to the data output from the model run with the 
original data.  Reductions in nutrients delivered to the watershed could then be calculated.  The 
result of the calculations showed that there was potential for an 8% reduction in phosphorus and 
a 6% reduction in nitrogen.  It is recommended that the 16 feedlots with an AGNPS rating of 50 
or greater be evaluated for potential operational or structural modifications in order to minimize 
nutrient yields to the watershed. 
 
The implementation of appropriate BMP’s targeting these high nutrient yield feedlot areas, upon 
the completion of a field verification process, should produce the most cost effective treatment 
plan in reducing the nutrient yields.   
 
In case of questions regarding this analysis, please contact the Department of Environment and 
Natural Resources at (605)773-4254. 
 
 
Rainfall Specs For The Moccasin Creek Study 
 
EVENT  RAINFALL ENERGY INTENSITY 
 
monthly .84 inches 3.2 
 
semi-annually 1.29 inches 8.8 
 
1-year 1.95 inches 21.5 
 
25-year 4.2 inches 109.5  
 
 
NRCS R-factor for the Moccasin Creek watershed = 80 
 
Annual Loadings Calculations 
 
monthly events = 7 events X 3.2 = 22.4 
 
semi-annual events = 4 events X 8.8 = 35.2 
 
1-year event = 1 event X 21.5 = 21.5 
 
                                                Total = 80 
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OVERVIEW OF AGNPS DATA INPUTS 
 
The Agricultural Nonpoint Source Pollution Model (AGNPS) is a computer simulation model 
developed to analyze the water quality of runoff from watersheds.  The model predicts runoff 
volume and peak rate, eroded and delivered sediment, nitrogen, phosphorus, and chemical 
oxygen demand concentrations in the runoff and the sediment for a single storm event for all 
points in the watershed.  Proceeding from the headwaters to the outlet, the pollutants are routed 
in a step-wise fashion so the flow at any point may be examined.  AGNPS to be used to 
objectively evaluate the water quality of the runoff from agricultural watersheds and to present a 
means of objectively comparing different watersheds throughout the state.  The model is 
intended for watersheds up to about 320,000 acres (8000 cells @ 40 acres/cell).   
 
The model works on a cell basis.  These cells are uniform square areas that divide the watershed 
(figure 1).  This division makes it possible to analyze any area, down to 1.0 acres, in the 
watershed.  The basic components of the model are hydrology, erosion, sediment transport, 
nitrogen (N), phosphorus (P), and chemical oxygen demand (COD) transport.  In hydrology 
portion of the model, calculations were made for runoff volume and peak concentration flow.  
Total upland erosion, total channel erosion, and a breakdown of these two sources into five 
particle size classes (clay, silt, small aggregates, large aggregates, and sand) for each of the cells 
are calculated in the erosion portion.  Sediment transport is also calculated for each of the cells in 
the five particle classes as well as the total.  The pollutant transport portion is subdivided into 
one part handling soluble pollutants and another part handling sediment attached pollutants 
(figure 2). 
 
 
PRELIMINARY EXAMINATION 
 
A preliminary investigation of the watershed is necessary before the input file can be established.  

The steps to this preliminary examination are: 
 
1) Detailed topographic map of the watershed (USGS map 1:24,000) 
2) Establish the drainage boundaries 
3) Divide watershed up into cells (40 acre, 1320 X 1320).  Only those cells with greater than 

50% of their area within the watershed boundary should be included. 
4) Number the cells consecutively from one to the number of cells (begin at NW corner of 

watershed and proceed west to east then north to south. 
5) Establish the watershed drainage pattern from the cells. 
 
 
DATA FILE 
 
Once the preliminary examination is completed, the input data file can be established.  The data 

file is composed of the following 21 inputs per cell: 
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Data input for watershed 
1) a) Area of each cell (acres) 

b) Total number of cells in watershed 
c) Precipitation for a 25 year, 24 hour rainfall 
d) Energy intensity value for storm event previously selected 
 

Data input for each cell  
1) Cell number 
2) Receiving cell number 
3) SCS number runoff curve number (use antecedent moisture condition II) 
4) Land slope (topographic maps) average slope if irregular, water or marsh = 0 

      5)  Slope shape factor water or marsh = 1 (uniform) 
6)  Field slope length water or marsh = 0, for S.D. assume slope length area 1 
7)  Channel slope (average), topo maps, if no definable channel, channel slope = ½ land 

slope, water or marsh = 0  
8) Channel side slope, the average side slope (%), assume 10% if unknown, water or marsh 

= 0 
9) Manning’s roughness coefficient for the channel if no channel exists within the cell, 

select a roughness coefficient appropriate for the predominant surface condition within 
the cell 

10) Soil erodibility factor water or marsh = 0  
11) Cropping factor assume conditions at storm or worst case condition (fallow or seedbed 

periods), water or marsh = .00, urban or residential = .01 
12) Practice factor worst case = 1.0, water or marsh = 0, urban or residential = 1.0 
13) Surface condition constant a value based on land use at the time of the storm to make 

adjustments of the time it takes overland runoff to channelize. 
14) Aspect a single digit indicating the principal direction of drainage from the cell (if no 

drainage = 0) 
15) Soil texture, major soil texture and number to indicate each are: 
 
  Input 
 Texture Parameter 

         Water              0 
          Sand              1 
 Silt 2 
 Clay 3 
 Peat 4 
 

16) Fertilization level, indication of the level of fertilization on the field. 
 

     Assume Fertilization (lb./acre) 
             Level  N  P Input 
 
 No Fertilization 0  0 0 
 Low Fertilization 50  20 1 
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 Average Fertilization 100  40 2 
 
 High Fertilization 200  80 3 
 
 avg. manure-low fertilization 
 high manure-avg. fertilization 
 water or marsh = 0 
 urban or residential = 0 (for average practices) 
 
      17) Availability factor, the percent of fertilizer left in the top half inch of soil at the time of 

the storm.  Worst case 100%, water or marsh = 0, urban or residential = 100% 
      18) Point source indicator: indicator of feedlot within the cell (0 = no feedlot, 1 = feedlot) 
 
 19) Gully source level: tons of gully erosion occurring in the cell or input from a sub-

watershed 
 20) Chemical oxygen demand (COD), a value of COD for the land use in the cell. 
 21) Impoundment factor: number of impoundments in the cell (max. 13) 

a) Area of drainage into the impoundment 
b) Outlet pipe (inches) 

 22) Channel indicator: number which designates the type of channel found in the cell 
  
 
 DATA OUTPUT AT THE OUTLET OF EACH CELL 
 
 Hydrology 
 Runoff volume 
 Peak runoff rate 
 Fraction of runoff generated within cell 
 
 Sediment Output 
         Sediment yield 
  Sediment concentration 
  Sediment particle size distribution 
  Upland erosion 
  Amount of deposition 
  Sediment generated within the cell 
  Enrichment ratios by particle size 
  Delivery ratios by particle size 
 
 Chemical Output 
  Nitrogen 
  Concentration of soluble material 
  Mass of soluble material 
  Phosphorus 
         Sediment associated mass 
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         Concentration of soluble material 
  Mass of soluble material 
  Chemical Oxygen Demand 
         Concentration 
  Mass 
 
 PARAMETER SENSITIVITY ANALYSIS 
 The most sensitive parameters affecting sediment and chemical yields are: 
 Land slope (LS) 
 Soil erodibility (K) 
 Cover-management factor (C) 
 Curve number (CN) 
 Practice factor (P) 
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Wylie Pond Watershed 
 
The Wylie Pond watershed is located within Moccasin Creek subwatershed 2a in Brown County 
South Dakota.  The size of the area modeled was 1,280 acres.  The inlet of Wylie Pond is on the 
northeast corner of the pond, adjacent to highway 281.  The pond does not have an outlet. 
 
When the model was run with a 25-year rain event, none of the 32 cells within the watershed 
were considered to be critical areas.  There were no existing feedlots within the 1,280-acre area.  
For an average year of rainfall the model showed a yield of 26.86 tons of sediment for the entire 
watershed.  This yield averages out to be .02 ton per acre for the entire watershed.  Phosphorus 
was estimated at .35 lb per acre and nitrogen at 1.13 lb per acre.  When compared to the rest of 
Moccasin Creek watershed, these numbers were considered to be extremely low.  
 
Physiography of Moccasin Creek Watershed 
 
The physical geography of Brown County, South Dakota is part of the James River Lowland.  
The three major landforms are lake-plain, glacial uplands, and alluvial flood plains.  The eastern 
two-thirds of the county is a nearly flat plain that is between 1,290 and 1,310 above sea level.  
The plain is the former bed of an extensive but shallow and short-lived glacial lake known as 
Lake Dakota.  This lake was about 90 miles long and 27 miles wide.  The lake plain does not 
have a well-developed natural drainage system.   
 
The glacial uplands lie west of the lake plain and in the southeast corner of the county.  They 
consist of deposits of glacial till that form smoothly rolling hills.  The relief is dominantly 
undulating to hilly.  The uplands are characterized by many potholes or closed basins and have a 
poorly defined drainage pattern.   
 
Flood plains are along the major streams, including the Moccasin Creek.  The James River and 
its tributaries form the natural drainage network of Brown County.  The principal tributaries of 
the James River are Elm River and Moccasin Creek, both of which join the James from the West.  
The head of Moccasin Creek is near the Elm River.  During periods of flooding, water from the 
Elm River flows into Moccasin Creek.   
 
 
 
Reference: 
 
Soil Survey of Brown County South Dakota 
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Appendix B.  Sediment Transport Study 
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Appendix C.  DNA Fingerprinting Results 
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Appendix D. Stage To Discharge Tables 
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Appendix E.  Stream Sample Data 
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SITE DATE  pH H2O TEMP (C) DO ALK-M ALK-P SOLIDS, TOT SOLIDS, SUSP AMMONIA NITRATE TKN PHOS, TOTAL PHOS, DISS FECAL VTSS
MC1 3/29/1999 8.24 7 11.7 323 0 912 3 0.02 0.1 1.02 0.258 0.201 10 3
MC1 4/14/1999 8.05 12.7 7.3 355 0 1143 5 0.02 0.1 1.12 0.217 0.196 90 5
MC1 5/6/1999 7.99 14.3 5.3 385 0 1356 4 0.02 0.1 1.2 0.522 0.457 140 1
MC1 5/11/1999 8.04 12.1 6.1 378 0 1235 2 0.02 0.1 1.59 0.43 0.404 350 1
MC1 5/26/1999 8.01 18.9 9.2 374 0 1663 1 0.02 0.1 1.42 0.471 0.442 360 1
MC1 6/7/1999 7.67 20.5 1.8 326 0 1578 1 0.02 0.1 1.81 0.356 0.329 190 1
MC1 6/30/1999 7.87 17.9 0.7 355 0 1616 1 0.02 0.1 1.94 0.618 0.61 1500 1
MC1 7/8/1999 7.65 23.1 0.2 332 0 1436 3 0.02 0.1 2.1 0.766 0.693 9000 1
MC1 7/28/1999 7.73 25 0.1 406 0 1542 1 0.02 0.1 2.51 0.948 0.886 720 1
MC1 8/5/1999 7.61 21.9 0.4 382 0 1554 5 0.05 0.1 2.21 0.751 0.691 370 1
MC1 9/7/1999 7.33 19.1 1.1 211 0 803 24 0.13 0.3 1.88 0.722 0.573 200 6
MC1 10/12/1999 7.68 10.9 2.6 419 0 1448 7 0.07 0.1 1.61 0.547 0.523 190 2
MC1 11/2/1999 8.28 4.7 9.5 471 0 1507 4 0.02 0.1 1.74 0.477 0.401 20 1
MC1 3/21/2000 7.85 7.1 13.7 334 0 1103 5 0.02 0.1 1.62 0.378 0.273 10 2
MC1 4/18/2000 8.32 11.5 11.8 442 0 1562 9 0.05 0.1 2 0.428 0.324 10 1
MC1 4/20/2000 8.22 6 10 398 0 1453 8 0.14 0.1 1.72 0.423 0.328 170 3
MC1 5/9/2000 8.1 16.1 5.1 406 0 1456 5 0.02 0.1 2.22 1.1 0.377 170 3
MC1 6/5/2000 8.58 16.2 6.4 349 21 1465 6 0.02 0.1 1.96 0.76 0.715 140 1
MC1 7/6/2000 8.04 25.1 2.2 278 0 893 7 0.02 0.1 1.17 0.989 0.966 230 3
MC1 7/12/2000 7.71 22.2 0.4 309 0 1014 9 0.02 0.1 2.37 1.28 1.14 50000 2
MC1 7/19/2000 7.67 17.9 2.3 327 0 1025 4 0.02 0.1 1.52 1.2 1.14 210 1
MC1 8/2/2000 8.04 22 2.3 340 0 1244 7 0.03 0.1 1.77 1.33 1.19 1500 6
MC1 11/1/2000
MC1 11/2/2000 8.16 7.5 9.7 398 0 1456 15 0.02 0.1 2.2 1.05 0.828 140 8

MC2 3/29/1999 7.05 8.5 12.3 230 0 1594 14 6.98 0.2 9.17 1.12 0.996 1E+05 9
MC2 4/14/1999 7.89 12.1 8.8 324 0 2427 11 4.07 0.1 7.58 0.945 0.711 58000 9
MC2 5/6/1999 7.62 14 5.3 207 0 1431 30 2.53 0.3 3.75 0.609 0.446 4100 7
MC2 5/11/1999 7.77 12.1 6.2 248 0 1743 25 2.17 0.4 4.69 0.546 0.372 1600 5
MC2 5/26/1999 7.68 17.4 7.3 365 0 2731 18 4.82 0.1 9.02 1.31 1.07 60 7
MC2 6/7/1999 7.63 21.5 5.4 184 0 1255 14 1.63 0.2 3.51 0.283 0.211 430 6
MC2 6/30/1999 7.59 19.1 4.7 154 0 1077 29 2.06 0.2 3.76 0.569 0.413 2000 6
MC2 7/8/1999 7.76 23.9 3.9 143 0 1089 26 0.99 0.5 2.8 0.382 0.216 19000 6
MC2 8/5/1999 7.44 21.1 6.2 275 0 1985 14 14.6 0.1 16.3 2.34 2.19 230 5
MC2 8/30/1999 7.34 20.3 3.8 115 0 708 30 3.38 0.3 5.15 0.699 0.53 4300 7
MC2 9/7/1999 7.35 20.2 4.7 175 0 1153 22 1.22 0.7 3.24 0.608 0.518 480 7
MC2 10/12/1999 7.8 15.8 7.6 328 0 2212 20 11.1 0.1 12.9 1.65 1.61 6800 7
MC2 11/2/1999 7.95 11.9 9.2 323 0 2263 18 12.6 0.1 16.1 1.93 1.73 35000 10
MC2 3/21/2000 7.83 10.2 10.5 276 0 2063 11 12.5 0.1 15.3 1.66 1.45 5600 2
MC2 4/18/2000 8.05 12.6 11.3 285 0 2230 12 11.4 0.1 13.5 1.59 1.39 4600 5
MC2 4/20/2000 7.72 8.3 10.4 106 0 757 58 4.3 0.5 5.38 0.732 0.519 10000 8
MC2 5/9/2000 7.63 15.8 4.9 212 0 1672 18 7.99 0.1 10.3 0.981 0.819 2000 7
MC2 6/5/2000 7.6 16 6.4 258 0 2205 13 14.4 0.1 17 1.97 1.78 160 4  
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SITE DATE  pH H2O TEMP (C) DO ALK-M ALK-P SOLIDS, TOT SOLIDS, SUSP AMMONIA NITRATE TKN PHOS, TOTAL PHOS, DISS FECAL VTSS
MC2 7/6/2000 7.51 5.3 233 0 1940 15 8.06 0.1 10.4 1.45 1.17 380 8
MC2 7/12/2000 7.3 23.5 2.8 68 0 431 26 0.69 0.3 1.53 0.348 0.242 10000 6
MC2 7/19/2000 7.62 18.5 3.3 226 0 1493 15 4.53 0.1 5.61 1.02 0.973 1700 2
MC2 8/2/2000 7.71 22.1 5.4 285 0 2307 21 10.4 0.1 11.2 1.56 1.25 190 8
MC2 8/24/2000 7.55 22.9 7 267 0 2010 8 16.3 0.1 18.9 2.41 2.23 110 4
MC2 8/31/2000 7.84 20.9 7.9 127 0 1032 62 2.49 0.2 5.24 0.884 0.456 19000 14
MC2 9/22/2000 8.16 13.9 9.9 196 0 1740 44 10.36 0.2 11.8 1.86 1.33 12
MC2 9/25/2000 7.54 17.1 6 22000
MC2 10/4/2000 7.85 16.2 6.9 262 0 1747 9 19.3 0.1 19.5 2.23 2.18 8100 7
MC2 10/5/2000 7.93 12.9 8.1 197 0 1416 22 9.23 0.1 9.32 1.4 1.18 11000 8
MC2 10/26/2000 7.8 13.9 7.9 65 0 538 114 1.8 0.3 2.43 0.643 0.364 58000 6
MC2 11/1/2000
MC2 11/1/2000 7.62 14.9 5.6 113 0 807 78 3.15 0.3 4.44 0.762 0.445 12000 1
MC2 11/1/2000
MC2 11/1/2000

MC2A 7/23/1999 7.55 24.6 2.8 94 0 659 43 0.03 0.4 1.23 0.351 0.153 13
MC2A 8/5/1999 7.98 25.6 5.1 218 0 1605 106 0.02 0.1 1.51 0.601 0.108 1200 16
MC2A 8/30/1999 7.24 20 2.7 82 0 544 21 0.36 0.4 1.46 0.338 0.234 11000 4
MC2A 9/7/1999 7.39 20.1 3.9 141 0 878 17 0.19 0.8 1.72 0.457 0.423 480 4
MC2A 10/12/1999 8.28 12.2 9.1 353 0 2162 58 0.02 0.1 2.12 0.304 0.089 50 16
MC2A 11/2/1999 8.62 7.5 13.4 350 8 2538 40 0.02 0.4 2.43 0.366 0.038 10 20
MC2A 3/21/2000 8.59 8.3 15.2 292 8 2563 26 0.02 0.1 1.7 0.238 0.114 10 6
MC2A 4/18/2000 8.49 11.9 14.6 313 14 2261 54 0.02 0.1 1.84 0.244 0.072 10 8
MC2A 4/20/2000 8.02 7.4 11.8 75 0 496 68 0.57 0.5 1.6 0.281 0.13 500 8
MC2A 5/9/2000 7.85 18.2 4.4 198 0 1424 70 0.14 0.2 1.8 0.431 0.176 3800 14
MC2A 7/6/2000 7.74 27.4 4.8 158 0 1314 41 0.05 0.1 1.36 0.401 0.198 2100 10
MC2A 7/12/2000 7.45 22.5 3.2 92 0 643 25 0.02 0.3 1.28 0.346 0.274 13000 4
MC2A 7/19/2000 7.41 18 3 128 0 700 23 0.15 0.2 1.16 0.44 0.34 11000 4
MC2A 8/2/2000 8.07 26.2 5.2 297 0 2028 72 0.02 0.1 1.8 0.443 0.162 30 14
MC2A 8/24/2000 8.54 27.5 12.3 211 10 1774 78 0.02 0.1 2.17 0.455 0.103 710 28
MC2A 8/31/2000 8.08 21.8 8.2 85 0 694 72 0.06 0.4 1.85 0.355 0.116 18000 12
MC2A 9/22/2000 8.22 11.3 7.7 204 0 1909 208 0.03 0.1 1.78 0.548 0.058 20
MC2A 9/25/2000 8.08 12.5 10.2 840
MC2A 10/5/2000 8.31 10.4 7.9 135 0 1081 46 0.29 0.3 1.78 0.394 0.067 7800 16
MC2A 10/26/2000 7.85 13.5 8.6 43 0 397 124 0.2 0.3 1.05 0.442 0.18 12000 12
MC2A 11/1/2000 7.71 13.8 7.1 62 0 423 66 0.43 0.4 1.26 0.327 0.124 11000 2

MC3 3/29/1999 8.41 11.3 18.6 199 1 1101 41 1.93 0.4 3.96 0.585 0.391 580 12
MC3 4/14/1999 8.04 10.5 8.9 255 0 1402 82 0.8 0.2 2.8 0.512 0.351 5100 24
MC3 5/6/1999 7.87 13.9 6.9 277 0 1681 43 1.82 0.4 4.72 0.687 0.467 520 6
MC3 5/11/1999 7.93 12.8 6.8 265 0 1597 25 1.01 0.6 3.37 0.482 0.355 210 3  
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SITE DATE  pH H2O TEMP (C) DO ALK-M ALK-P SOLIDS, TOT SOLIDS, SUSP AMMONIA NITRATE TKN PHOS, TOTAL PHOS, DISS FECAL VTSS
MC3 5/26/1999 7.98 21 8.4 261 0 1447 20 0.2 0.4 2.2 0.421 0.319 50 3
MC3 6/7/1999 8.08 24 11.9 269 0 1783 21 0.04 0.5 2.55 0.386 0.324 190 6
MC3 6/30/1999 8.46 22.2 15 304 17 2024 40 0.58 0.4 3.87 1.1 0.802 110 18
MC3 7/8/1999 8.71 25.5 15 290 15 1879 102 0.02 0.5 3.82 1.15 0.432 1800 44
MC3 8/5/1999 8.39 25.8 15 243 4 1404 104 0.28 0.3 2.76 0.603 0.112 170 36
MC3 8/30/1999 7.91 23 6.4 126 0 864 96 2.86 0.3 5.15 0.77 0.362 7800 20
MC3 9/7/1999 7.62 21.2 5.1 207 0 1122 76 0.76 0.4 2.5 0.382 0.172 280 20
MC3 10/12/1999 8.39 12.5 10.8 274 1 1289 40 1.46 0.3 3.52 0.488 0.34 740 8
MC3 11/3/1999 8.51 4.1 14 315 0 1596 42 3.68 0.3 6.8 0.805 0.592 450 14
MC3 3/22/2000 8.82 8.5 15 307 20 1823 12 4.2 0.1 6.57 0.993 0.777 10 1
MC3 4/20/2000 8.55 11.2 14.3 159 0 1023 28 2.15 0.6 3.72 0.55 0.388 800 9
MC3 5/9/2000 8.4 19 14.1 166 0 1051 24 1.56 0.3 3.65 0.89 0.661 1700 13
MC3 6/5/2000 8.08 19 6.3 220 0 1526 26 5.67 0.1 7.25 1.16 0.95 310 10
MC3 7/6/2000 7.55 28 3.6 186 0 1229 56 0.57 0.2 2.21 1.1 0.845 640 12
MC3 7/12/2000 7.57 26.5 4.8 189 0 1453 30 2.45 0.4 4.46 0.951 0.764 1700 8
MC3 7/19/2000 7.54 19.2 4.1 251 0 1465 59 0.98 0.2 1.95 1.1 0.868 410 9
MC3 8/2/2000 8.41 26.4 10.8 266 5 1980 25 0.02 0.1 2.28 1.18 1.01 260 9
MC3 8/24/2000 8.26 25.2 12.2 273 0 2036 74 0.11 0.1 8.89 2.16 1.58 220 30
MC3 9/1/2000 7.62 17.4 2.9 145 0 1202 34 3.86 0.3 6.77 1.34 0.908 12
MC3 10/4/2000 8.39 10.1 11.3 260 0 1833 64 13.9 0.3 14.2 2.2 2.03 170 12
MC3 10/27/2000 7.53 11 4.3 67 0 451 38 2.28 0.3 3.34 0.791 0.563 2
MC3 10/30/2000 7.71 12.9 5.7 770
MC3 11/2/2000 8.04 7 10.4 136 0 905 25 3.65 0.4 4.63 0.727 0.554 480 5

MC4 3/29/1999 8.86 11 15 262 19 1392 18 0.62 0.5 2.91 0.586 0.351 10 13
MC4 4/14/1999 8.47 11.2 12.1 278 10 1508 22 0.02 0.3 2.7 0.496 0.279 10 18
MC4 5/6/1999 8.4 14 12.2 315 0 1816 62 0.12 0.4 3.94 0.815 0.393 260 18
MC4 5/11/1999 8.39 13.2 7.1 248 0 1473 51 0.68 1.3 2.84 0.694 0.499 500 9
MC4 5/26/1999 8.33 21.5 13.3 264 0 1554 29 0.02 0.1 2.81 0.436 0.265 10 9
MC4 6/7/1999 8.75 24.9 15 290 19 1781 52 0.02 0.1 3.56 0.337 0.161 260 24
MC4 6/30/1999 8.61 23.5 11.7 260 20 1857 102 0.02 0.1 3.38 0.902 0.263 310 36
MC4 7/8/1999 8.28 26.5 7.3 258 0 1427 60 0.02 0.1 2.88 1.46 1.19 210 21
MC4 8/5/1999 8.18 26.4 7.8 177 0 1318 90 0.02 0.1 3.1 0.648 0.144 220 36
MC4 8/30/1999 8.49 23.2 13.6 151 0 1546 56 0.02 0.1 5.07 0.591 0.18 210 30
MC4 9/7/1999 7.59 21.5 6 159 0 823 46 0.88 0.3 2.42 0.225 0.058 220 13
MC4 10/12/1999 8.95 13.9 15 254 25 1322 50 0.02 0.6 2.86 0.337 0.131 70 20
MC4 11/3/1999 9.06 5.2 15 282 26 1361 32 0.14 1 2.67 0.414 0.165 10 18
MC4 3/22/2000 9.69 10.8 15 224 49 1738 27 1.89 0.4 4.9 1.09 0.427 10 16
MC4 4/20/2000 9.01 11.8 15 274 11 1986 29 1.11 0.6 3.97 0.704 0.445 10 7
MC4 5/9/2000 9.16 21.9 15 297 12 1896 224 0.02 0.1 3.22 1.13 0.208 160 52
MC4 6/5/2000 8.81 20.2 15 361 29 2473 106 1.64 0.1 6.4 3.22 1.56 180 66
MC4 7/6/2000 9.09 29.8 13.4 209 43 1364 162 0.02 0.1 4.62 1.75 0.55 280 66
MC4 7/12/2000 8.91 31.2 15 182 5 1210 78 0.1 0.2 3.65 2.68 1.56 490 28  
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SITE DATE  pH H2O TEMP (C) DO ALK-M ALK-P SOLIDS, TOT SOLIDS, SUSP AMMONIA NITRATE TKN PHOS, TOTAL PHOS, DISS FECAL VTSS
MC4 7/19/2000 7.59 19.8 4.2 176 0 902 30 0.65 0.1 1.64 1.48 1.26 290 7
MC4 8/2/2000 8.84 28.8 13.3 263 23 1516 58 0.02 0.1 2.43 0.904 0.573 90 26
MC4 8/24/2000 8.37 24.9 8.4 280 4 1895 58 0.02 0.1 2.65 1.06 0.649 1600 24
MC4 9/1/2000 8.48 17.1 5 272 0 2164 56 0.02 0.1 2.43 0.558 0.195 16
MC4 10/4/2000 8.85 10 7.9 200 0 2163 76 0.02 0.1 3.34 1.06 0.488 130 34
MC4 10/27/2000 8.72 11 9.4 182 0 1832 58 0.63 0.1 3.67 0.776 0.348 24
MC4 10/30/2000 8.07 12.4 7.3 170
MC4 11/2/2000 8.35 7 11 129 0 743 88 2.79 0.2 3.64 1.08 0.743 100 14

MC5 3/29/1999 9.02 9.4 15 264 38 1294 23 0.02 0.1 2.14 0.371 0.187 10 15
MC5 3/29/1999 9.28 10 15 262 39 1433 36 0.02 0.1 2.15 0.518 0.263 10 16
MC5 4/14/1999 8.84 11.2 14.2 277 15 1599 36 0.02 0.1 2.51 0.43 0.207 10 18
MC5 5/6/1999 8.32 14.7 8.9 295 0 1679 88 0.02 0.1 2.86 1.2 0.636 50 26
MC5 5/11/1999 8.39 14.3 14.1 337 5 1938 88 0.02 0.1 4.03 0.917 0.35 30
MC5 5/26/1999 8.68 22.1 15 273 18 1578 80 0.02 0.1 2.63 0.519 0.079 20 26
MC5 6/7/1999 8.84 25.8 13.4 250 15 1485 96 0.1 0.5 3.32 0.326 0.097 850 26
MC5 6/30/1999 8.58 23.5 9.8 288 22 1677 84 0.02 0.1 3.57 0.96 0.411 150 16
MC5 7/8/1999 8.57 26.3 8.4 323 0 1996 98 0.02 0.1 3.24 1.4 0.736 240 34
MC5 8/5/1999 8.29 28.1 9.9 213 0 1279 70 0.02 0.1 2.87 1.04 0.587 220 24
MC5 8/30/1999 8.61 22.2 12.1 192 10 1538 64 0.02 0.1 2.7 0.414 0.057 120 24
MC5 9/7/1999 8.54 22.2 11.9 95 8 509 42 0.86 0.3 2.67 0.236 0.049 780 16
MC5 10/12/1999 14 15 262 28 1323 98 0.02 0.1 2.74 0.292 0.036 110 34
MC5 11/3/1999 9.36 6.1 15 212 23 1386 100 0.02 0.1 4.5 0.506 0.035 10 42
MC5 3/23/2000 9.27 9.9 15 198 29 1242 62 0.58 0.3 3.31 0.384 0.062 10 22
MC5 4/20/2000 8.91 11 15 198 0 2000 90 0.02 0.1 4.18 0.761 0.064 6700 34
MC5 5/9/2000 9.32 22.7 15 277 54 1960 152 0.02 0.1 5.45 1.7 0.625 7700 104
MC5 6/5/2000 8.86 21.2 15 260 5 2452 172 0.02 0.1 2.5 0.98 0.071 140 60
MC5 7/6/2000 8.91 30.3 9 180 22 2206 90 0.02 0.1 3.91 1.66 0.91 70 52
MC5 7/12/2000 9.46 32.6 15 175 24 1117 70 0.02 0.1 3.8 1.46 0.558 1100 30
MC5 7/19/2000 8.86 19.7 12.5 226 18 1494 72 0.02 0.1 2.16 1.2 0.68 90 32
MC5 8/2/2000 9.07 29.1 15 268 45 1554 132 0.06 0.1 2.8 1.61 0.489 40 60
MC5 8/24/2000 8.74 23.4 7.7 306 27 1980 84 0.02 0.1 3.45 0.968 0.407 110 38
MC5 9/1/2000 8.58 17.5 4.5 321 0 2303 88 0.02 0.1 3.21 0.706 0.158 22
MC5 10/4/2000 8.94 10.5 8.7 259 13 2624 30 0.02 0.1 2.14 0.458 0.144 240 16
MC5 10/27/2000 8.52 11.1 9.3 207 0 1930 54 0.02 0.1 2.06 0.483 0.124 20
MC5 10/30/2000 8.54 12.6 11.2 2400
MC5 11/2/2000 9.15 8 11.6 195 27 1961 172 0.02 0.1 2.87 0.872 0.104 800 44

MC6 4/14/1999 8.95 12.1 12.1 262 1 1651 48 0.02 0.1 1.79 0.111 0.282 10 24
MC6 5/6/1999 8.14 15.5 7.6 280 0 1670 31 0.02 0.1 1.85 0.421 0.242 40 8
MC6 5/11/1999 8.34 14.3 9.9 321 0 1771 41 0.02 0.1 3.02 0.593 0.3 10 20  
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SITE DATE  pH H2O TEMP (C) DO ALK-M ALK-P SOLIDS, TOT SOLIDS, SUSP AMMONIA NITRATE TKN PHOS, TOTAL PHOS, DISS FECAL VTSS
MC6 5/26/1999 8.08 20.5 7.1 260 0 1380 22 0.02 0.1 2.46 0.482 0.352 20 7
MC6 6/7/1999 8.32 25.6 10.2 300 4 1628 27 0.02 0.1 2.33 0.378 0.267 20 13
MC6 6/30/1999 8.3 23 6.9 313 7 1592 30 0.02 0.1 2.83 1.36 0.991 100 20
MC6 7/8/1999 8.22 26.3 6.1 302 0 1838 31 0.02 0.1 2.92 1.3 0.959 10 18
MC6 8/5/1999 8.14 26.3 6.9 296 0 1637 20 0.02 0.1 2.4 1.76 1.1 10 13
MC6 8/30/1999 8.26 23.2 12.1 238 0 1464 32 0.02 0.1 3.65 1.06 0.701 80 28
MC6 9/7/1999 8.9 22.3 13.6 155 26 1281 50 0.02 0.1 2.73 0.49 0.181 100 36
MC6 10/12/1999 13.6 13.5 235 23 1291 70 0.02 0.1 3.19 0.414 0.034 20 30
MC6 11/3/1999 8.74 6.2 12.4 183 6 1405 50 0.02 0.1 2.76 0.378 0.075 10 20
MC6 3/23/2000 8.8 8.6 14.4 263 0 1759 80 0.64 0.2 3.31 0.516 0.09 10 24
MC6 4/20/2000 9.01 14.5 15 230 0 2062 84 0.02 0.1 3.14 0.709 0.155 10 32
MC6 5/8/2000 7.89 12.1 8.2 57 0 183 13 0.13 0.5 1.05 0.219 12000 4
MC6 5/23/2000 8.55 24.5 12.4 309 0 2240 168 0.02 0.1 1.94 0.898 0.126 130 36
MC6 6/5/2000 8.72 26.1 1.5 281 4 2261 160 0.02 0.1 2.17 0.929 0.128 120 48
MC6 7/6/2000 8.79 33 13.9 257 20 2338 144 0.02 0.1 3.68 1.31 0.623 200 56
MC6 7/12/2000 8.6 29.4 12.9 149 0 1325 60 0.02 0.4 2.75 1.3 0.831 3800 14
MC6 7/19/2000 8.21 19.9 6.4 231 0 1313 46 0.15 0.1 2.76 1.41 1.17 140 12
MC6 8/2/2000 8.33 28.9 8.3 285 0 1457 42 0.06 0.1 2.27 1.86 1.46 10 16
MC6 8/24/2000 8.76 22.8 4.2 305 19 1718 96 0.02 0.1 3.27 1.11 0.425 30 42
MC6 9/1/2000 8.68 17.5 4.3 301 4 2068 70 0.02 0.1 2.93 0.809 0.319 24
MC6 10/4/2000 9.23 12 9.7 212 18 2849 36 0.02 0.1 2.94 0.488 0.266 60 14
MC6 10/27/2000 8.55 11.3 11.3 192 0 2613 90 0.02 0.1 3.67 0.957 0.202 40
MC6 10/30/2000 8.51 13 9.5 400
MC6 11/2/2000 8.48 8 10 227 0 2176 70 0.02 0.1 2.68 0.464 0.07 340 22
MC6 8.9 22.3 13.6 155 26 1281 50 0.02 0.1 2.73 0.49 0.181 100 36

MC7 3/29/1999 8.24 11 12.9 249 1 849 5 0.02 0.1 0.8 0.092 0.079 30 3
MC7 4/14/1999 8.12 10.5 9.6 226 0 844 9 0.02 0.1 0.98 0.2 0.164 10 9
MC7 5/6/1999 8.08 14.5 8.4 301 0 1085 22 0.02 0.1 1.6 0.106 0.201 500 5
MC7 5/11/1999 8.08 12.2 9.7 311 0 1173 8 0.02 0.1 1.31 0.259 0.18 180 2
MC7 5/26/1999 8.06 20.5 9.3 228 0 934 30 0.02 0.1 1.72 0.175 0.114 160 4
MC7 6/7/1999 7.91 23 7.2 258 0 1021 39 0.05 0.1 2.11 0.144 0.086 270 6
MC7 6/30/1999 7.85 21.2 6.6 313 0 1153 44 0.02 0.1 2.16 0.284 0.203 2000 8
MC7 7/8/1999 7.85 25.4 7 305 0 1147 39 0.02 0.1 1.19 0.326 0.209 2400 7
MC7 7/20/1999 7.99 26.9 4.8 343 0 1320 144 0.02 0.1 0.99 0.34 0.161 1400 22
MC7 8/5/1999 7.76 24.9 5.5 261 0 993 58 0.24 0.1 1.43 0.286 0.188 1100 10
MC7 8/30/1999 7.83 20.9 6.3 318 0 1129 41 0.02 0.1 1.37 0.267 0.19 730 8
MC7 9/7/1999 7.63 20 6.8 215 0 884 65 0.02 0.2 1.39 0.274 0.062 400 10
MC7 10/12/1999 8.23 12.3 9.7 249 0 956 16 0.02 0.1 1.18 0.231 0.178 260 4
MC7 11/3/1999 8.39 4.1 12.1 287 0 1022 20 0.02 0.1 1.2 0.204 0.14 40 4
MC7 3/21/2000 8.31 7.3 12.4 341 0 1211 9 0.02 0.1 0.73 0.102 0.064 10 2
MC7 4/18/2000 8.52 11.2 12.2 384 9 1452 14 0.02 0.1 0.92 0.163 0.112 10 2
MC7 4/20/2000 8.45 8.6 12.5 361 0 1425 13 0.02 0.2 1.06 0.201 0.15 10 3  
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SITE DATE  pH H2O TEMP (C) DO ALK-M ALK-P SOLIDS, TOT SOLIDS, SUSP AMMONIA NITRATE TKN PHOS, TOTAL PHOS, DISS FECAL VTSS
MC7 5/9/2000 8.32 18.5 8.2 394 0 1582 52 0.02 0.1 1.17 0.258 0.155 250 10
MC7 6/5/2000 8.23 18.6 7.6 398 0 1737 98 0.02 0.1 1.22 0.312 0.159 490 14
MC7 7/6/2000 8.02 27.5 4.3 394 0 1581 90 0.02 0.1 1.4 0.448 0.305 1000 20
MC7 7/12/2000 7.99 26.8 4.4 339 0 1419 66 0.02 0.1 1.35 0.459 0.312 700 4
MC7 7/19/2000 8.12 18.9 6.2 315 0 1207 32 0.04 0.1 0.97 0.36 0.332 1300 6
MC7 8/2/2000 7.98 26 4.3 338 0 1422 152 0.04 0.1 0.88 0.486 0.247 5500 18
MC7 8/24/2000 8.16 26 8.2 345 0 1417 33 0.02 0.1 0.96 0.296 0.234 1600 8
MC7 9/1/2000 8.09 18 5.4 331 0 1408 43 0.02 0.1 1.07 0.294 0.15 3
MC7 10/4/2000 7.91 9 13.3 410 0 1375 23 0.23 0.1 0.86 0.36 0.131 1900 2
MC7 10/27/2000 8.21 10.7 8.6 316 0 1521 31 0.02 0.1 1.38 0.216 0.105 7
MC7 10/30/2000 8.23 12.2 9.3 790
MC7 11/2/2000 8.53 8 11 376 0 1561 26 0.02 0.1 0.92 0.199 0.122 1100 6

MC8 3/29/1999 7.2 18 15 7 0 5 1 0.02 0.1 0.1 0.007 0.007 10 1
MC8 6/30/1999 8.27 23.2 7.4 7 0 12 1 0.02 0.1 0.14 0.002 0.002 10 1
MC8 7/20/1999 7.65 27.1 5.1 7 0 6 1 0.02 0.1 0.14 0.002 0.003 10 1
MC8 7/28/1999 7.73 25.8 0.2 7 0 5 1 0.02 0.1 0.14 0.004 0.004 10 1
MC8 8/5/1999 7.8 22 4.2 7 0 8 2 0.02 0.1 0.14 0.004 0.005 10 1
MC8 8/30/1999 7.2 20.1 3 7 0 4 2 0.02 0.1 0.14 0.002 0.002 10 2
MC8 11/3/1999 7.85 4.2 12.2 7 0 5 1 0.02 0.1 0.14 0.002 0.002 10 1
MC8 3/23/2000 7.5 8.8 12.4 6 0 11 1 0.02 0.1 0.21 0.002 0.002 10 1
MC8 5/9/2000 7.42 23 9.1 6 0 9 1 0.02 0.1 0.21 0.002 0.002 10 1
MC8 5/18/2000 7.6 16.2 8.1 6 0 7 1 0.02 0.1 0.21 0.002 0.002 10 1
MC8 6/5/2000 7.65 16 6.2 6 0 7 1 0.02 0.1 0.21 0.004 0.005 10 1
MC8 7/12/2000 7.5 22.5 3.3 6 0 8 1 0.02 0.1 0.21 0.002 0.002 10 1
MC8 8/2/2000 7.63 23.7 2.9 6 0 7 1 0.02 0.1 0.21 0.002 0.002 10 1
MC8 8/24/2000 8.8 23 7.2 6 0 7 3 0.02 0.1 0.21 0.002 0.008 10 2
MC8 8/31/2000 7.77 21.6 7.7 6 0 7 1 0.02 0.1 0.21 0.002 0.002 10 1
MC8 10/4/2000 7.65 11 8.2 6 0 7 1 0.02 0.1 0.21 0.002 0.002 2 1
MC8 10/26/2000 7.7 13.8 8 6 0 4 1 0.02 0.1 0.21 0.002 0.002 10 1
MC8 10/27/2000 7.42 11.4 6 6 0 17 1 0.02 0.1 0.21 0.002 0.002 1
MC8 10/30/2000 8 13.1 8 10
MC8 11/2/2000 7.07 8 4 6 0 11 1 0.02 0.1 0.21 0.002 0.002 10 1

MC9 4/14/1999 8.92 11.7 11.9 254 4 1640 44 0.02 0.1 2.17 0.274 0.114 10 22
MC9 5/26/1999 8.07 20.5 7.1 262 0 1374 22 0.02 0.1 2.59 0.488 0.336 10 7
MC9 6/7/1999 7.69 20.5 2 324 0 1578 1 0.02 0.1 1.86 0.343 0.331 280 1
MC9 6/30/1999 7.54 19.2 4.8 151 0 1051 32 1.77 0.2 3.32 0.492 0.378 2400 16
MC9 7/8/1999 8.78 25.7 15 297 15 1897 108 0.02 0.1 3.09 1.09 0.435 700 48
MC9 7/28/1999 7.73 25.2 0.2 406 0 1536 2 0.02 0.1 2.5 0.912 0.885 710 2
MC9 8/5/1999 8.2 26.5 7.7 174 0 1306 86 0.02 0.1 2.75 0.637 0.141 270 34
MC9 10/12/1999 8.98 14 15 259 25 1322 72 0.02 0.1 3.11 0.307 0.368 50 22  
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SITE DATE  pH H2O TEMP (C) DO ALK-M ALK-P SOLIDS, TOT SOLIDS, SUSP AMMONIA NITRATE TKN PHOS, TOTAL PHOS, DISS FECAL VTSS
MC9 11/2/1999 7.94 11.8 9.1 333 0 2276 19 12.8 0.1 16.7 1.88 0.664 66000 10
MC9 11/3/1999 9.35 6 15 201 22 1385 92 0.02 0.1 4.27 0.469 0.031 10 38
MC9 3/23/2000 9.29 9.8 15 177 0 1249 56 0.6 0.3 2.79 0.367 0.077 10 22
MC9 5/23/2000 8.57 24.6 12.5 307 0 2244 176 0.02 0.1 2.06 0.885 0.12 300 40
MC9 6/5/2000 8.85 21.3 15 260 6 2445 144 0.02 0.1 2.99 1.02 0.056 60 48
MC9 7/12/2000 7.45 22.5 3.3 101 0 684 26 0.2 0.3 1.5 0.362 0.257 14000 6
MC9 8/2/2000 5.3 22.2 7.72 284 0 2302 21 10.4 0.1 11.6 1.56 1.34 120 8
MC9 8/24/2000 8.69 23.1 7.4 308 28 1966 72 0.02 0.1 2.89 0.9 0.384 80 36
MC9 8/31/2000 8.01 21.6 7.8 101 0 1033 68 2.54 0.1 5.9 0.886 0.479 17000 28
MC9 10/4/2000 8.93 10.6 8.6 259 15 2617 24 0.02 0.1 1.99 0.394 0.041 310 6
MC9 10/26/2000 7.79 7.8 62 0 495 108 1.11 0.3 1.48 0.564 0.281 65000 14
MC9 10/27/2000 8.5 11 9 208 0 1922 50 0.02 0.1 2.39 0.488 0.118 18
MC9 10/30/2000 8.53 12.5 11.1 2500
MC9 11/2/2000 9.15 8 11.6 192 0 1954 184 0.02 0.1 3.06 0.91 0.104 1200 56  
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