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1.0 Executive Summary 

Section 303(d) of the Federal Clean Water Act (CWA) requires the Minnesota Pollution Control 

Agency (MPCA) to identify water bodies that do not meet water quality standards and to develop 

total maximum daily pollutant loads for those water bodies.  A total maximum daily load (TMDL) 

is the amount of a pollutant that a water body can assimilate without exceeding the established 

water quality standards for that pollutant.  Through a TMDL, pollutant loads can be distributed or 

allocated to point and non-point sources within the watershed that discharge to the water body.  

This report presents TMDLs developed for maintenance of the dissolved oxygen (DO) standard in 

the Long Prairie River in central Minnesota.  Because ammonia is both an oxygen-demanding 

substance and a potential toxin, ammonia toxicity was evaluated in those reaches impacted by 

municipal waste discharges. 

 

Under contract (and in cooperation) with the MPCA, Wenck Associates, Inc., with its partner 

FTN Associates, Ltd., conducted the TMDL study and prepared this report.  The study was 

completed in three phases.  Phase I was an analysis of existing data.  Phase II entailed intensive 

synoptic water quality surveys of the river system in August and September 2001, and February 

2002.  Modeling and TMDL development were conducted in Phase III of the project.  The 

contractual work plan encompassed nutrient investigations that were not directly relevant to the 

TMDL study and are reported separately.   

 

The Long Prairie River flows some 92 miles through Douglas, Todd, and Morrison counties, from 

the outlet of Lake Carlos to the Crow Wing River, an Upper Mississippi River tributary.  At the 

City of Long Prairie, approximately the midpoint of the Long Prairie River, the average flow is 

165 cubic feet per second (cfs), and the spring and summer 7-day, 10-year low flows are 38.6 and 

11.4 cfs, respectively.  For the TMDL study, the Long Prairie River’s watershed is considered as 

the 647-square mile drainage area downstream from Lake Carlos.  Watershed land use is 41% 
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agricultural, 24% grassland (including pasture), 21% forest, and 10% water or wetland.  Urban and 

developed rural land comprises the small remaining area (3%) and includes five municipalities 

with wastewater treatment facilities (WWTFs) explicitly considered in the TMDL study:  the cities 

of Carlos, Long Prairie, Browerville, Eagle Bend, and Clarissa.  The headwater outflow from Lake 

Carlos, which drains an additional 236 square miles, is of very high quality. 

 

Water quality impairment of the Long Prairie River and its tributary Eagle Creek is summarized 

below: 

 

Waterbody Reach 
Assessment    

Unit ID Impairment
Pollutants Addressed in       

this TMDL Study 
Long Prairie River Fish Trap Ck to 

Crow Wing R    
07010108-501 Low DO      Oxygen-demanding substances

Long Prairie River Moran Ck to    
Fish Trap Ck 

07010108-502 Low DO Oxygen-demanding substances

Long Prairie River Turtle Ck to   
Moran Ck 

07010108-503 Low DO Oxygen-demanding substances

Long Prairie River Eagle Ck to   
Turtle Ck 

07010108-504 Low DO      
Fish IBI 

Oxygen-demanding substances  
Ammonia toxicity 

Long Prairie River Spruce Ck to 
Eagle Ck 

07010108-505 Low DO      
Fish IBI 

Oxygen-demanding substances  
Ammonia toxicity 

Long Prairie River L Carlos to     
Spruce Ck 

07010108-506 Low DO      
Fish IBI 

Oxygen-demanding substances  
Ammonia toxicity 

Eagle Creek Headwaters to 
Long Prairie R 

07010108-507 Fish IBI Ammonia toxicity 

Notes:     
     Reaches 07010108-501 through -506 (Long Prairie River main stem) are also listed for 
            mercury Fish Consumption Advisory [not considered in this TMDL study]. 
     IBI = Index of Biotic Integrity.  Formerly listed for biotic impairment. 
 

The pollutants of concern for low DO are carbonaceous and nitrogenous biochemical oxygen 

demand (CBOD and NBOD).  The pollutant of concern for ammonia toxicity is un-ionized 

ammonia.   
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CBOD is a general measure of organic materials such as sewage solids, animal wastes, animal and 

other food processing wastes, and plant litter.  CBOD represents the oxygen equivalent (amount of 

oxygen that micro-organisms require for the respiration, or biochemical “burning up”) of the 

organic matter in a sample.  Nitrogen is a constituent of organic matter, and especially of animal 

and animal processing wastes.  A wide variety of micro-organisms rapidly transform organic 

nitrogen (ON) to ammonia nitrogen (NH3-N); nitrification of the NH3-N by certain specialized 

bacteria then transforms it to nitrate nitrogen while consuming oxygen in the process.  NBOD is 

calculated as the sum (NH3-N plus ON) multiplied by 4.33, which gives the oxygen equivalent for 

the nitrification process.  The fraction of measured NH3-N that is un-ionized is calculated (from 

the water temperature and pH) with a formula specified in the Minnesota water quality standards. 

 

The pollutants of concern originate from both point and non-point sources in the watershed.  

Pollutant sources requiring permits under the National Pollutant Discharge Elimination System 

(NPDES) include the above-mentioned municipal WWTFs and treated groundwater pumpage from 

a Superfund site (former dry cleaner) in the City of Long Prairie.  The watershed also contains five 

Concentrated Animal Feeding Operations (CAFOs).  Their NPDES permits (four existing, one in 

process) do not allow direct discharge to surface waters.  However, manure from the CAFOs is 

ultimately spread on cropland, so the CAFOs contribute to non-point source pollution.  The 

CAFOs include poultry, dairy cattle, and beef cattle operations.  All of the NPDES permits in the 

watershed are minor permits under the classification of the U.S. Environmental Protection Agency 

(“regular” permits under the MPCA’s classification).  Potato growers in the watershed reportedly 

conduct washing operations after harvest, but these washing operations have not required NPDES 

permits.  There are no storm water permits in the Long Prairie River watershed. 

 

Non-point sources include runoff from cropland (major land use) and from urban and other 

developed areas (minor).  The main crops are potatoes, corn, soybeans, and alfalfa.  Subwatersheds 

that exhibit high pollutant export have been identified in this study through modeling based on 

agricultural practices, topography, soil characteristics, climatology, and other factors.  Non-point 

sources also include many small livestock operations in addition to the above-mentioned CAFOs.  

Sediment oxygen demand (SOD) in the channel of the Long Prairie River is accounted as a non-
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point source as well.  SOD results from the deposition in the river channel of particulate organic 

matter originating from point and non-point sources and from decaying in-channel plant biomass.  

SOD also occurs naturally in wetlands.  One of the major findings of this TMDL study is that low 

DO found in the near-headwater reach of the Long Prairie River primarily results from SOD in 

riparian wetlands that interact with the river’s main channel through flow exchange. 

  

The MPCA’s projected schedule for TMDL completions implicitly reflects a priority ranking.  The 

Long Prairie River’s TMDL schedule places the lowermost reach (07010108-501) second only to 

the lower Minnesota River in priority.  The schedule for the other Long Prairie reaches currently 

listed for DO impairment indicates an implicit priority ranking within the top 1% of Minnesota’s 

303(d) List. 

 

The water quality standards applicable to the Long Prairie River for this TMDL study are the 

Class 2B DO standard of 5 milligrams per liter (mg/L) as daily minimum, and the Class 2B un-

ionized ammonia chronic standard of 0.04 mg/L.  The low-flow conditions under which these 

standards are required to be met are the 7-day, 10-year low flow (7Q10) for the DO standard, and 

the 30-day, 10-year low flow (30Q10) for the un-ionized ammonia standard.  As specified in 

Minnesota Rules, Chapter 7050, the designated uses (and use classes) of the Long Prairie River 

and its tributaries are aquatic life and recreation (Class 2B), industrial consumption (Class 3B), 

agriculture and wildlife (Class 4A and 4B), aesthetic enjoyment and navigation (Class 5), and 

other uses (Class 6).  Of the designated use classifications, Class 2B has the most stringent DO 

and un-ionized ammonia standards. 

 

The Long Prairie River TMDLs were developed using the QUAL-TX model, a variant of U.S. 

EPA’s QUAL2E.  The model was calibrated to the synoptic survey data and validated with 

monitoring data from the Todd Soil and Water Conservation District.  The table below presents the 

TMDLs, with reach loading capacities in bold, at the lower right corner of each data block.  The 

loading capacity is the sum of all point source wasteload allocations (WLAs), non-point source 

load allocations (LAs), non-point source margins of safety (MOSs), and unallocated capacity.  The 

point source wasteload allocations include implicit MOSs.  The margin of safety for the non-point 



 

T:\0147\51\Phase III Rpt\Report\FinalReport.doc  1-5

source load allocations equals 10% of the reach’s total of all non-point source LAs.  The 

unallocated capacities shown in the table merely complete the determination of the reach loading 

capacities.  The unallocated capacity for each reach represents a “virtual point source” (point mass 

loading with essentially zero flow) placed at the reach’s upstream end.  The Eagle Creek residual 

point source loads are the loads from the Eagle Bend and Clarissa WWTFs, following attenuation 

in Eagle Creek; WLAs were not developed for Eagle Bend or Clarissa because Eagle Creek is not 

listed for low DO, and their residual loads do not impair the Long Prairie River main stem.  Entries 

in bold italics denote loads that were reduced to meet the DO standard.  Non-point source load 

reductions on the order of 10% are indicated for the upper and middle portions of the Long Prairie 

River (reaches 07010108-504 through -506).  Point source load reductions are indicated for the 

Long Prairie and Browerville WWTFs. 

 

Reach 07010108-506:  Long Prairie River Headwaters (Lake Carlos) to Spruce Creek 
Oxygen Demand (lbs/day) from:

  CBOD NBOD SOD 
Total Oxygen 

Demand (lbs/day)

Unallocated Capacity 147 42 n/a 189 
WLA + MOS for Carlos WWTF 233 254 n/a 487 
LA for LPR Headwaters @ RM89.9 161 55 n/a 216 
LA for other Nonpoint Sources 999 68 291 1,359 
MOS for all Nonpoint Sources 116 12 n/a 128 

Total Maximum Daily Load 1,657 432 291 2,380 
     

Reach 07010108-505:  Spruce Creek to Eagle Creek 
Oxygen Demand (lbs/day) from:

  CBOD NBOD SOD 
Total Oxygen 

Demand (lbs/day)

Unallocated Capacity 397 114 n/a 511 
WLA + MOS for LP-Superfund 48 17 n/a 65 
WLA + MOS for Long Prairie WWTF 275 838 n/a 1,114 
WLA + MOS for Browerville WWTF 542 504 n/a 1,045 
LA for Spruce Creek 87 29 n/a 116 
LA for Dismal Creek 17 30 n/a 47 
LA for other Nonpoint Sources 5,329 484 1,750 7,563 
MOS for all Nonpoint Sources 543 54 n/a 598 

Total Maximum Daily Load 7,239 2,070 1,750 11,059 
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Reach 07010108-504:  Eagle Creek to Turtle Creek 
Oxygen Demand (lbs/day) 

from: 
  CBOD NBOD SOD 

Total Oxygen 
Demand 
(lbs/day) 

Unallocated Capacity 971 278 n/a 1,249 
Eagle Creek Residual Point Source Loads 204 209 n/a 412 
LA for Eagle Creek 587 40 n/a 626 
LA for other Nonpoint Sources 1,442 362 315 2,119 
MOS for all Nonpoint Sources 203 40 n/a 243 

Total Maximum Daily Load 3,406 928 315 4,649 
     

Reach 07010108-503:  Turtle Creek To Moran Creek 
Oxygen Demand (lbs/day) 

from: 
  CBOD NBOD SOD 

Total Oxygen 
Demand 
(lbs/day) 

Unallocated Capacity 941 269 n/a 1,210 
LA for Turtle Creek 238 129 n/a 367 
LA for other Nonpoint Sources 620 156 120 895 
MOS for all Nonpoint Sources 86 28 n/a 114 

Total Maximum Daily Load 1,884 582 120 2,587 
     

Reach 07010108-502:  Moran Creek To Fish Trap Creek 
Oxygen Demand (lbs/day) 

from: 
  CBOD NBOD SOD 

Total Oxygen 
Demand 
(lbs/day) 

Unallocated Capacity 504 144 n/a 648 
LA for Moran Creek 93 62 n/a 155 
LA for other Nonpoint Sources 682 171 252 1104 
MOS for all Nonpoint Sources 77 23 n/a 101 

Total Maximum Daily Load 1,356 401 252 2,008 
     

Reach 07010108-501:  Fish Trap Creek to Crow Wing River 
Oxygen Demand (lbs/day) 

from: 
  CBOD NBOD SOD 

Total Oxygen 
Demand 
(lbs/day) 

Unallocated Capacity 435 124 n/a 559 
LA for Fish Trap Creek 243 48 n/a 291 
LA for other Nonpoint Sources 1,276 320 545 2,142 
MOS for all Nonpoint Sources 152 37 n/a 189 

Total Maximum Daily Load 2,106 529 545 3,180 
     
Note:     

Bold italic denotes a load that was reduced to meet DO standard   



 

T:\0147\51\Phase III Rpt\Report\FinalReport.doc  1-7

The Long Prairie TMDLs represent the spring discharge period (April 1 through June 30).  Flow 

conditions for the TMDLs correspond to the spring 7Q10, modified by the addition of small flows 

at the headwaters of the Long Prairie River and Eagle Creek (added flows of 1.99 and 2.75 cfs, 

respectively).  The added flows allow spring discharge with existing NH3-N concentrations from 

the Carlos WWTF (near the Long Prairie River headwaters) and from the Eagle Bend and Clarissa 

WWTFs (on Eagle Creek).  Under both 7Q10 and 30Q10 conditions, ammonia toxicity in the 

receiving waters was predicted for spring discharges from these three facilities with existing 

effluent NH3-N concentrations.  The modified flow regime used for the TMDLs implies the need 

for hydrograph-controlled discharges, based on Long Prairie River and Eagle Creek in-stream 

flows, from the Carlos, Eagle Bend, and Clarissa WWTFs.  The load reduction for the Browerville 

WWTF’s spring discharge is nominal because this facility actually discharges in the fall only, not 

in the spring.   

 

To account for seasonal variation in flow and temperature, the TMDLs were tested in QUAL-TX 

simulations of summer/fall and winter low-flow conditions.  The first of these used summer 7Q10 

and temperature but included all municipal discharges with fall-season effluent quality.  The 

summer/fall simulation indicated further load reductions for the Long Prairie WWTF (incorporated 

in the TMDL) but not for any of the other municipal facilities.  (The Long Prairie WWTF’s 

wasteload allocation assumed that the WWTF’s two industrial systems will upgrade to mechanical 

facilities with ammonia removal and continuous discharges, necessary because of extremely high 

NH3-N concentrations in the existing effluents.)  The summer/fall simulation was also critical for 

the unallocated capacity in several reaches.  Winter 7Q10 conditions were modeled with all 

continuous discharges to ensure that the DO standard was met. 

 
Implementation of the Long Prairie River TMDLs will be assured for point sources through the 

NPDES permitting process.  For non-point sources, implementation of best management practices 

will be an extension of the BMP work that is currently being done in the watershed using Clean 

Water Partnership grants and loans.  Local representatives and MPCA staff will be working with 

the municipal WWTF operators, watershed county Soil and Water Conservation District staff, and 

other appropriate partners to assure both point and non-point source compliance with the TMDLs. 
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Public participation in the Long Prairie TMDL process included public meetings at community 

centers in the cities of Browerville (Todd County) on May 22, 2003, and Carlos (Douglas County) 

on June 12, 2003.  Direct invitations were mailed to approximately 135 stakeholders, and public 

service announcements were distributed to all local newspapers and commercial radio stations.  At 

the two meetings, following introductions, a presentation of study results and recommendations by 

Wenck and FTN, and a question/answer period, participants were divided into small groups to 

encourage facilitated input.  Thirty-two people attended the meeting in Browerville and forty 

people attended the meeting in Carlos. 

 

Technical analysis and supporting documentation for the Long Prairie River watershed TMDL are 

contained in Sections 7.0 and 9.0-11.0 of this report. 
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2.0 Introduction/ Problem Statement 

The Long Prairie River flows some 92 miles through Douglas, Todd, and Morrison counties in 

central Minnesota, from the outlet of Lake Carlos to the Crow Wing River, an Upper Mississippi 

River tributary (Figure 2-1).  For the TMDL study, the Long Prairie River’s watershed was 

considered to be the 647-square mile drainage area downstream from Lake Carlos.  The watershed 

is predominantly agricultural and contains five municipalities with wastewater treatment facilities 

explicitly considered in the TMDL study.  The headwater outflow from Lake Carlos, which drains 

an additional 236 square miles, is of very high quality. 

 

However, fish kills have occurred in the Long Prairie River, and monitoring in recent years has 

shown that dissolved oxygen (DO) concentrations in portions of the river intermittently fall 

below the minimum DO level considered necessary to support aquatic life.  Based on long-term 

DO monitoring near the river’s mouth at Motley that began in 1975, the MPCA has observed 

low DO concentrations in most winters.  The Todd Soil and Water Conservation District (Todd 

SWCD), working in cooperation with the MPCA under a Clean Water Partnership (CWP) grant, 

has more recently also found low DO in the river’s uppermost reach near Carlos and in its 

middle portion. 

 

Section 303(d) of the Federal Clean Water Act (CWA) requires the Minnesota Pollution Control 

Agency (MPCA) to identify water bodies that do not meet water quality standards and to develop 

total maximum daily pollutant loads for those water bodies.  A total maximum daily load (TMDL) 

is the amount of a pollutant that a water body can assimilate without causing a water quality 

standard violation.  Through a TMDL, pollutant loads can be distributed or allocated to point and 

non-point sources that discharge to the water body.  The TMDL process provides science-based 

pollutant load allocations and information that local officials can use as watershed management 

tools when making decisions regarding land use that will affect water quality within the watershed.   
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This report presents TMDLs developed for maintenance of the DO standard in the Long Prairie 

River.  Because ammonia is both an oxygen-demanding substance and a potential toxin, ammonia 

toxicity was evaluated in those reaches impacted by municipal waste discharges. 

 

Table 2-1 summarizes the MPCA’s 2004 CWA 303(d) Impaired Waters List as it pertains to the 

Long Prairie River watershed.  “Impaired waters” are defined as waterbodies that do not meet 

their water quality standards.  All six of the river’s main stem reaches appear on the 2004 list for 

low-DO impairment (Figure 2).  Two of these reaches were not previously listed for low DO but 

were added in 2004 after they were found in the course of this TMDL study to be low-DO 

impaired.  The upper three main stem reaches plus Eagle Creek are also listed for impaired fish 

Index of Biotic Integrity (IBI).  This TMDL study addresses the fish IBI impairment in part, 

insofar as affected by low DO and ammonia toxicity.  The six main stem reaches are listed also 

for mercury Fish Consumption Advisory, but this TMDL study does not address mercury 

impairment. 

 

The pollutants of concern for low DO are oxygen-demanding substances, which are measured as 

carbonaceous and nitrogenous biochemical oxygen demand (CBOD and NBOD).  CBOD is a 

general measure of organic materials such as sewage solids, animal wastes, animal and other food 

processing wastes, and plant litter.  CBOD represents the oxygen equivalent (amount of oxygen 

that micro-organisms require for the respiration, or biochemical “burning up”) of the organic 

matter in a sample.  Nitrogen is a constituent of organic matter, and especially of animal and 

animal-processing wastes.  A variety of microorganisms rapidly transforms organic nitrogen (ON) 

to ammonia nitrogen (NH3-N); nitrification of the NH3-N by certain specialized bacteria then 

transforms it to nitrate nitrogen while consuming oxygen in the process.  NBOD is calculated as 

the sum (NH3-N plus ON) multiplied by 4.33, which gives the oxygen equivalent for the 

nitrification process. 

 

The pollutant of concern for ammonia toxicity is un-ionized ammonia.  The fraction of measured 

NH3-N that is un-ionized is calculated (from the water temperature and pH) with a formula 

specified in the Minnesota water quality standards. 
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In March 2001, the MPCA contracted Wenck Associates, Inc., with Wenck’s partner FTN 

Associates, Ltd., to conduct a Long Prairie River watershed TMDL study.  The contractual 

objectives pertinent to the Long Prairie River watershed TMDL for DO are listed below.   

 

• Define the spatial extent, persistence, and severity of the DO depletion problem; 

• Define the causes of severe oxygen depletion that occur in the DO depletion zones; 

• Quantify point and non-point pollutant sources and their contributions to water 

quality impairments in the Long Prairie River by land use category and main-stem 

river and tributary sub-watershed for targeting priority areas for rehabilitation as well 

as protection; 

• Allocate the Long Prairie River assimilative capacity to both point and non-point 

sources of pollution, and develop safety margins protective of water quality 

standards. 

 

The TMDL project for the Long Prairie River watershed occurred in three phases.  Phase I was 

an analysis of existing data to determine what additional data were needed to complete the 

project objectives and what technical issues needed to be addressed within the scope of the 

project.  During Phase II, additional data were collected, analyzed, and reported.  Modeling and 

TMDL development were conducted in Phase III of the project.  Reports were prepared 

documenting Phase I and II.  This report documents the entire TMDL process.   
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3.0 Applicable Water Quality Standards 

The water quality standards applicable to the Long Prairie River for this TMDL study are the 

Class 2B DO standard of 5 milligrams per liter (mg/L) as daily minimum, and the Class 2B un-

ionized ammonia chronic standard of 0.04 mg/L.  The low-flow conditions under which these 

standards are required to be met are the 7-day, 10-year low flow (7Q10) for the DO standard, and 

the 30-day, 10-year low flow (30Q10) for the un-ionized ammonia standard.  As specified in 

Minnesota Rules, Chapter 7050, the designated uses (and use classes) of the Long Prairie River 

and its tributaries are aquatic life and recreation (Class 2B), industrial consumption (Class 3B), 

agriculture and wildlife (Class 4A and 4B), aesthetic enjoyment and navigation (Class 5), and 

other uses (Class 6).  Of the designated use classifications, Class 2B has the most stringent DO 

and un-ionized ammonia standards. 
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4.0 Background Information 

4.1 GENERAL DESCRIPTION OF RIVER AND WATERSHED  

 

The Long Prairie River flows some 92 miles through Douglas, Todd, and Morrison counties, from 

the outlet of Lake Carlos to the Crow Wing River, an Upper Mississippi River tributary (Figure 2-

1).  The river is wide, shallow, meandering, and flat, except for its last ten miles, which are steeper 

and less sinuous.  The average slope for the whole length of the Long Prairie is 2.0 feet per mile, 

and the average sinuosity is about 0.7 (Tepley, 1999).  For the TMDL study, the Long Prairie 

River’s watershed was considered to be the 647-square mile drainage area downstream from Lake 

Carlos.  Agriculture dominates the landscape: 41% of land within the watershed is used for row 

crops, potatoes and other agricultural uses (Appendix A, Table A-1, and Figure A-1).  In addition, 

24% of the watershed is grassland, some of which may be used as pasture.  The remaining 

watershed area is comprised of forest, water and wetland, and urban and developed rural land.  The 

watershed includes five municipalities with wastewater treatment facilities explicitly considered in 

the TMDL study:  the cities of Carlos, Long Prairie, Browerville, Eagle Bend, and Clarissa.  The 

headwater outflow from Lake Carlos, which drains an additional 236 square miles (including a 

portion in Ottertail County), is of very high quality. 

 

 

4.1.1 Sub-watersheds 

 

Ninety-six Minnesota Department of Natural Resources (MDNR) sub-watersheds are delineated 

within the Long Prairie watershed based on GIS data compiled by Todd SWCD.  Detailed data 

regarding the sub-watersheds and their tributaries are shown in Appendix A (Table A-2 and 

Figure A-1).   
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4.1.2 Land Use  

 

Land use for the Long Prairie watershed has been compiled by the Todd SWCD (Appendix A, 

Table A-1 and Figure A-1).  The dominant land use is agricultural (41%), with the main crops 

being potatoes, corn, soybeans, and alfalfa.  The remainder of the watershed is 24% grassland 

(including some pasture), 21% forest, 10% water or wetland, and 3% urban and developed rural 

land.  The land use immediately adjacent to the river is dominated by agriculture and wetlands 

because the floodplain is wide and flat.  Some reaches of the river have well-developed riparian 

zones. 

 

 

4.1.3 Soils 

 

In the Long Prairie River watershed the thickness of unconsolidated material ranges from 0 to 

150 feet.  Watershed soils are primarily loam, sand, or alluvial soils (Appendix A, Figure A-2).  

 

 

4.2 CLIMATE AND METEOROLOGICAL DATA 

 

Within the Long Prairie River watershed, average annual precipitation for 1971 through 2000 

generally ranges from 25 to 26 inches in the upstream portion and from 26 to 28 inches in the 

middle and downstream sections (State Climatology Office - Minnesota Department of Natural 

Resources, December 2002).  Average annual precipitations for 1971 to 2000 observed at 

National Oceanic and Atmospheric Administration stations are 29.48 inches at Long Prairie and 

26.02 inches at the Alexandria Airport station. 

 

Average annual lake evaporation is estimated to range from approximately 28 inches in the 

lower watershed to 30 inches in the upper watershed (USDA, 1966).  Average annual runoff in 

the Long Prairie Watershed ranges from approximately 4 to 6 inches, increasing from west to 

east (Moody et al., 1986). 
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4.3 HYDROLOGY 

 

Average daily flows have been monitored at the United States Geologic Survey (USGS) 

monitoring station at Long Prairie (LPR 47.8) since 1971.  The mean annual flow for water years 

1972 through 2002 is 165 cubic feet per second (cfs), which represents 5.17 inches of runoff 

from the 434-square mile drainage area located upstream of Long Prairie.  Monthly average 

flows for this station range from 63 cfs in January to 361 cfs in April.  The maximum average 

daily flow, 2900 cfs, was recorded July 22, 1972.  The minimum average daily flow, 0.84 cfs, 

was recorded January 12 through 18, 1977.  These statistics are based on flows observed through 

September 2002.  Appendix B includes additional flow data.   

 

The 7-day, 10-year low flow (7Q10) is 6.9 cfs during the winter months of December through 

March, 11.4 cfs during the summer months of June through September, and 38.6 cfs during the 

months of April through June, representing the spring discharge period for municipal wastewater 

treatment facilities in the watershed.  The spring period 30-day, 10-year low flow (30Q10) is 

61.4 cfs.  The 7Q10 and 30Q10 statistics are based on USGS data for water years 1971 through 

1999. 

 

Groundwater yields are typically high within the watershed.  Average annual recharge to the 

surficial aquifer was estimated to be 8.0 inches, and base-flow measurements conducted by the 

USGS along the Long Prairie River between Long Prairie and Motley during 1978 and 1979 

indicated net gains of 0.85 and 1.3 cfs per river mile, respectively (Myette, 1984). 

 

 

4.4 POINT SOURCES  

 

Table 4-1 inventories known point sources of pollutants in the Long Prairie River watershed.  

Seven municipalities in the watershed discharge treated wastewater under National Pollutant 

Discharge Elimination System (NPDES) permits issued by the MPCA (Figure 4-1).  These 

include the five cities explicitly considered in this TMDL study:  Carlos, Long Prairie, 
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Browerville, Eagle Bend, and Clarissa.  The other two municipalities are the Alexandria Lake 

Area Sanitary District and Miltona.  The Alexandria Lake Area Sanitary District is included for 

completeness, though it does not impact the Long Prairie River (it discharges effluent of high 

quality to a chain of lakes upstream from Lake Carlos). The Miltona facility also does not impact 

the Long Prairie River (it is small relative to the facilities explicitly considered in this study, and 

its discharge is attenuated by a slough before reaching an unnamed tributary of the river).  

Currently, the municipal wastewater systems discharge only during the spring (April through 

June) and fall (September through December 15), however a new facility is under construction 

for the City of Long Prairie that will discharge continuously.  Effluent limits for municipal 

wastewater treatment systems within the watershed are listed in Table 4-2.  Present and future 

limits for the Long Prairie facility are included. 

 

In addition to the municipal facilities, a Superfund site (former dry cleaner impacted with 

tetrachloroethene) in the City of Long Prairie also discharges treated groundwater pumpage to 

the Long Prairie River under an NPDES permit, and the watershed contains five Concentrated 

Animal Feeding Operations (CAFOs).  The CAFOs include poultry, dairy cattle, and beef cattle 

operations.  Their NPDES permits (four existing, one in process) do not allow direct discharge to 

surface waters.  All of the NPDES permits in the watershed are minor permits under the 

classification of the U.S. Environmental Protection Agency (“regular” permits under the 

MPCA’s classification).  Potato growers in the watershed reportedly conduct washing operations 

after harvest, but these washing operations have not required NPDES permits.  There are no 

storm water permits in the Long Prairie River watershed. 

 

A group of communities neighboring the Lake Carlos watershed has formed the Central Lakes 

Region Sanitary District with the intention of providing publicly owned sanitary sewerage and 

treatment facilities to its residents.  This body is analyzing options for possible outfall locations 

on the Long Prairie River, among other possibilities. 

 

Wetlands riparian to the upper reach of the Long Prairie River near the City of Carlos, and 

wetlands west of Carlos, have been suspected to be a source of oxygen demand.  The riparian 
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wetlands near Carlos were formerly subject to impacts from wastewater that infiltrated from an 

adjacent, now-abandoned municipal treatment pond.  The City of Carlos’s former wastewater 

treatment pond operated for 21 years, from 1968 to 1989.  The system’s operator, Dave 

Schaekels, indicated that the former wastewater treatment pond did not discharge during the 

entire period of operation.  The wastewater infiltrated into the subsurface and ultimately 

discharged into the riparian wetland (or, possibly, directly into the Long Prairie River or into a 

small ditch that is next to the former pond).  The infiltrated wastewater may have induced an 

oxygen demand in the wetlands that persists today. 

 

The wetland on the west side of the City of Carlos was apparently subject to discharge formerly 

from a meat packing plant. Dave Schaekels recalled that a small-scale meat processor located on 

the west side of the City of Carlos at 103 Main Avenue, one block off County Road 9, began 

operation in 1858 and has operated since that time under various owners.  A sanitary sewer 

system was installed in the City of Carlos in 1968.  The packing plant may have discharged 

untreated waste with high oxygen demand into the nearby wetland for 110 years, from 1858 to 

1968.  This also may be contributing to the low DO observed in the upper reach of the Long 

Prairie River today.   

 

Figure 4-2 is a detailed map of upper Long Prairie River point sources and related features, 

including wetlands in the area, the present and former wastewater treatment ponds, ditches and 

flow directions, and the meat packing plant. 

 

 

4.5 NON-POINT SOURCES  

 

Non-point sources of pollutants in the Long Prairie River watershed include runoff from cropland 

(major land use) and from urban and other developed areas (minor).  Since oxygen-demanding 

substances are the pollutants of concern, any organic matter carried by runoff is detrimental to the 

river.  Plant detritus (including crop residue) and animal waste consist of organic matter, and a 

significant percentage of topsoil is organic matter.  Fertilizers containing nitrogen in the form of 
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ammonia can also be detrimental if runoff-producing precipitation occurs within hours or days of 

the fertilizer’s application.  In general, then, both agricultural runoff and urban runoff are 

important sources of oxygen-demanding substances, including ammonia.  A major portion of the 

watershed is cropland.  Also, manure from the above-mentioned CAFOs is ultimately spread on 

cropland.  Therefore, the CAFOs contribute to non-point source pollution even though their 

NPDES permits do not allow direct discharge to surface waters.  The watershed also has many 

small livestock operations in addition to the CAFOs.   

 

Sediment oxygen demand (SOD) in the channel of the Long Prairie River is accounted as a non-

point source as well.  SOD results from the deposition in the river channel of particulate organic 

matter originating from point and non-point sources and from decaying in-channel plant biomass. 

SOD also occurs naturally in wetlands.  One of the major findings of this TMDL study is that low 

DO found in the near-headwater reach of the Long Prairie River primarily results from SOD in 

riparian wetlands that interact with the river’s main channel through flow exchange. 

 

 

4.6 PREVIOUS STUDIES 

 

The MPCA has collected samples approximately monthly (generally excluding November, 

December, and January) since 1974 from the Long Prairie River near Motley (LPR 3.2).  Todd 

SWCD conducted intensive water quality monitoring under the CWP grant between 1996 and 

2002.  These data are summarized and analyzed in the following section of this report.  

Additional Todd SWCD findings are summarized in the “Long Prairie River Monitoring Project 

Report,” (Tepley, 1999).   
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5.0 Review and Analysis of Data from Other Sources 

5.1 INTRODUCTION AND SUMMARY OF FINDINGS 

 

This section reviews and analyzes Long Prairie River water quality data collected by the Todd 

SWCD between 1996 and 2002 and by the MPCA between 1974 and 2000 (Appendix C).  Data 

from both sources include DO measurements and nutrient analyses, among other parameters.  

The Todd SWCD generally sampled during the growing season at a number of stations up and 

down the river, on a frequency ranging from approximately weekly to monthly.  The MPCA 

sampled year-round at a single station near the river’s mouth at Motley, on an approximately 

monthly frequency (much less frequently in some years, and generally less frequently in 

winters).  In the TMDL study, monitoring stations were identified by their river mile location.  

Station designations used by others have been cross-referenced to river mile locations in this 

report (Table 5-1).  Figure 5-1 shows the monitoring station locations with cross-referenced 

designations. 

 

Table C-4 (Appendix C) summarizes violations of the DO standard observed by the Todd SWCD 

in and near Long Prairie River reaches 07010108-503 and -505, which were not included in the 

MPCA’s 2002 303(d) Impaired Waters List.  Altogether, 55 DO violations are listed.  Reach -

503 has three DO violations, plus 13 violations within approximately 1 mile upstream, and two 

violations 0.5 mile downstream.  Reach -505 has 29 violations, plus eight violations some 2 

miles upstream.  Because of the data summarized in Table C-4, the MPCA added reaches 

07010108-503 and -505 to the 2004 CWA 303(d) List. 
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5.2 WATER QUALITY DATA 

 

Dissolved oxygen was recorded by the Todd SWCD at weekly to monthly intervals at several 

sites between 1998 and 2002.  Graphs of average monthly DO data for each site in downstream 

order are presented in Appendix C, Figure C-1.  The values graphed in Appendix C, Figure C-1 

represent the average of between one to seven grab sample results recorded during each month at 

various times during the day.  These averages do not take into account diurnal fluctuations in DO 

concentrations.   

 

Between 1971 and 1999 the MCPA measured DO monthly at LPR 3.2 (the MPCA monitoring 

station at Motley near the Crow Wing River) (Appendix C, Figure C-2).  The MPCA observed 

DO concentrations less than 5 mg/L in most winters.  The measurements do not characterize the 

daily fluctuations of DO and are daytime biased.  The data were analyzed to identify recurring 

seasonal fluctuations in DO.  Comparisons of monthly DO and DO percent saturation for the 

monitoring record are presented in Appendix C, Figure C-3.  Monthly temperature values 

recorded at LPR-3 are shown in Appendix C, Figure C-4. 

 

Continuous water quality monitors were installed at three locations on September 11 and 12, 

2000: at LPR 49.3 LRP 47.2, and at LPR 42.2.  The meters were calibrated once during the 

monitoring period, prior to installation, and readings were compared to field measurements every 

two weeks (Appendix C, Table C-1).  Water temperature, DO, pH, and conductivity 

measurements were recorded at irregular intervals between one and five times daily at LPR 49.3 

between September 11 and November 19, 2000 (Appendix C, Figure C-5a).  The above-

referenced water quality parameters were recorded every two hours between September 12 and 

November 18, 2000, at LPR 47.2 and LPR 42.2.  However, no readings were collected at LPR 

42.2 between October 14 and 18, and data recorded at LPR 42.2 prior to October 5, 2000, do not 

correlate with field readings collected.  Figures showing DO concentrations, pH, and water 

temperature recorded at these sites are presented in Appendix C, Figures C-5b and C-5c. 
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Maximum and minimum DO concentrations at LPR 42.2 and LPR 47.2 are presented in 

Appendix C, Figure C-6.  Daily minimum DO concentrations were generally observed between 2 

a.m. and 8 a.m. at LPR 42.2 and LPR 47.2.  Daily maximum DO concentrations were observed 

between 2 p.m. and 6 p.m.  The irregular frequency of the recorded values at LPR 49.3 

complicates a direct comparison of the data from this site to data recorded at LPR 42.2 and LPR 

47.2.  Water quality parameters were not recorded at LPR 49.3 during the time periods when 

daily maximum and minimum DO values were generally observed in the Long Prairie River.  As 

a result, the daily maximum and minimum DO values could not be accurately calculated at LPR 

49.3.  DO concentrations at each of the three sites are compared in Appendix C, Figure C-7.   

 

Daily minimum water temperatures were observed between 10 a.m. and 2 p.m. at LPR 47.2.  

Most days, the temperature dropped several degrees abruptly at 10 a.m. and remained at the 

same temperature until 2 p.m.  This effect is less evident as the overall water temperature cooled.  

The same effect is observed intermittently at LPR 42.2, downstream of Long Prairie, though the 

pattern is not as clearly defined.  The data collected at the three sites are summarized in 

Appendix C, Table C-2, ∆DO calculations and statistics for LPR 47.2 and LPR 42.2 are 

presented in Appendix C, Table C-3.  Calculation of ∆DO is used to make rough estimate of 

community gross primary productivity (Erdmann, 1979a and 19799b; Chapra and Di Toro, 

1991).  Continuous DO data collected by the MPCA indicate that DO variations near Long 

Prairie are typically 2 mg/L.   

 

In addition to DO and DO percent saturation, several other water quality parameters including 

TP and total nitrogen (TN) concentrations were recorded at irregular intervals ranging from 

weekly to monthly at CWP sites.  (TN is calculated as the sum of total Kjeldahl nitrogen [TKN] 

plus NO3/NO2-N.)  Average monthly TP and TN for each site are graphed and arranged in 

downstream order in Appendix C, Figure C-8.  Data shown in this graph represent both average 

values from several samples collected during the month, and discrete sample points for months 

during which only one sample was collected. 
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Monthly grab samples collected by the MPCA at LPR 3.2 were analyzed for various water 

quality parameters.  TP and TN concentrations at LPR 3.2 for grab samples collected between 

1974 and 1999 (samples were collected most months) are shown in Appendix C, Figure C-9.  

The TP and TN data at LPR 3.2 in a monthly format to show seasonal variations are also shown 

in Appendix C, Figures C-10a and C-10b. 

 

River profile data for various water quality parameters collected at CWP sties between 1996 and 

2002 are presented in Appendix C, Figures C-11a, C-11b, and C-11c.  June, July, and August 

data are shown for TP, NH3-N, NO3/NO2-N, DO, DO percent saturation, and 5-day biochemical 

oxygen demand (BOD5).  The data presented in this figure represent both average values and 

discrete data points, as sampling was performed at irregular intervals ranging from weekly to 

monthly between 1996 and 2002.   

 

 

5.3 DATA ANALYSIS 

 

Long-term monitoring data collected by the MPCA at Motley provide an integrated, basin-scale 

portrayal of water quality changes in the Long Prairie Watershed.  Historical TN, TP, and were 

plotted (Appendix C, Figure C-9) to identify any long-term trends in water quality from the early 

1970s through the 1990s.  The plots indicate significant scatter due to seasonal changes during 

the year but the overall trends appear to indicate that the water quality of the Long Prairie River 

has remained similar over the 30-year period. 

 

Seasonal variations in DO, TP, and TN at Motley are shown in Appendix C, Figures C-1, C-10a, 

and C-10b.  The lowest DO reading typically occurs in February, and the summer minimums 

occur in July.  DO is highest in April and May during the period of spring runoff and also in 

October and November when temperatures drop and flow increases with the fall rains.  TP 

concentrations (Appendix C, Figure C-10b) are highest in March and then decrease to a 

minimum during the winter months of December and January.  In contrast, TN concentrations 

are higher in the winter months and decrease to a minimum during July and August. 
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The CWP data set provides insights into the longitudinal variation along the Long Prairie River.  

As previously mentioned, DO minimums below 5 mg/L have been observed during the summer 

months downstream of Carlos and downstream of Browerville (Appendix C, Table C-4).  TP 

concentrations generally increase in a downstream direction with a significant increase 

downstream of Long Prairie.  NO3/NO2-N also increases significantly downstream of Long 

Prairie. 

 

The Todd SWCD and MPCA data sets and data collected within the scope of this project are 

analyzed more comprehensively in later sections. 
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6.0 Field Investigation Methods 

To eliminate gaps in the existing data and improve calibration of the QUAL-TX model, 

additional monitoring was performed during Phase II of this project.  The Phase I Report 

recommended a scope of work and QA/QC methods for field data collection, water quality 

sample analysis, and data analysis.  The proposed work plan followed EPA approved methods 

and was reviewed and approved by MPCA staff prior to the start of work on Phase II.  Work 

performed during Phase II was conducted in accordance with the work plan except where field 

conditions required otherwise.  During Phase II, adjustments made in the field were in 

accordance with the specified tolerances in the Phase I Report. Field modifications made during 

Phase II have no impact on the outcome of the project. Work performed during Phase II and 

changes to the initial scope of work are documented in this section of the report. 

 

Three intensive synoptic surveys were conducted under different critical flow and temperature 

conditions.  Synoptic survey 1 was conducted during summer low flow, synoptic survey 2 was 

conducted during the fall while some point sources discharged, and synoptic survey 3 was 

conducted during winter low flow with ice cover.  The synoptic surveys included the collection 

of physical, chemical, and biological data at 23 stations along the 100-mile Long Prairie River.  

Existing main stem stations established by the CWP program and Todd SWCD were sampled in 

addition to several new stations.  Stations were added to better define conditions in DO depletion 

zones.  An inventory of monitoring locations is presented in Table 5-1.   

 

In addition, the following special tasks were completed:  

• A special survey of the Long Prairie River from River mile 89.9 to 85.5 was 

conducted during August 2001 at the request of MPCA staff in response to Todd 

SWCD observations of DO depletion in that segment of the river during routine 

monitoring.   
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• A second special survey was conducted in August 2002.  This special survey was 

undertaken to provide further data relative to the cause of the low DO in the Carlos 

reach. 

• A dye study was conducted to quantify time of travel downstream of Carlos, Long 

Prairie, and Browerville. 

• Continuous diurnal temperature and DO measurements were taken over 24-hour 

periods at several locations in the DO depletion zones to quantify net photosynthesis/ 

respiration. 

• Long-term continuous temperature and DO measurements at two locations in the DO 

depletion zones to better define the temporal extent of the impairment and provide an 

estimate of DO productivity that is easier to calibrate to than chlorophyll-a and also 

more accurate because you do not need to make assumptions concerning biomass-to-

oxygen equivalents. 

• Long-term BOD time series measurements were conducted at three locations, LPR 

85.5, LPR 38.5, and LPR 21.1.  This information was used to determine the ultimate 

BOD (BODu) and provide information on laboratory de-oxygenation rates.   

 

 

6.1 PARAMETERS 

 

Specific parameters measured included channel width, depth, flow, temperature, DO, pH, 

conductivity, carbonaceous biochemical oxygen demand (CBOD5 and CBOD20), TP, 

orthophosphate phosphorus (OP), total Kjeldahl nitrogen (TKN), ammonia nitrogen (NH3-N), 

nitrate- nitrite nitrogen (NO2/NO3-N), chloride, total suspended solids (TSS), chlorophyll-a, and 

algae identification and enumeration.  Ultimate CBOD (CBODU) samples were collected at 

selected sites.  Three point sources were known to be discharging during synoptic survey 2, two 

were sampled (grab samples) for all parameters except chlorophyll-a and algae identification and 

enumeration.  Parameters, analytical method, holding time, and detection limits are summarized 

in Appendix D, Table D-1. 
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6.2 LOCATIONS 

 

Data was collected at 23 locations where the Long Prairie River was accessible along the 100-

mile Long Prairie River.  Data was also collected at six locations on tributaries to the Long 

Prairie River.  Field-work performed at each location during the three synoptic surveys is 

summarized in Table 6-1.  Some sites were not sampled due to lack of safe access points.  When 

possible, other sites were added to replace sites that were not accessible. 

 

 

6.3 SCHEDULE 

 

Scheduling for August and September synoptic field surveys was based on flow in the Long 

Prairie River as measured at the USGS station at Long Prairie.  Target flows were set in Phase I 

of this project to obtain optimum data for model calibration.  The target flows to conduct the 

surveys were: 100 cfs for the August 2001 survey (synoptic survey 1) and 200 cfs for the survey 

in September 2001 (synoptic survey 2).  Actual flows (based on the average daily flows recorded 

during each survey at the USGS station in Long Prairie) during the surveys were about 162.4 cfs 

during synoptic survey 1 conducted in late August, 2001 and 154.0 cfs during synoptic survey 2 

conducted in late September 2001.  Although the flows during synoptic survey 1 were higher 

than the targets identified in the Phase I report, they were believed to be the lowest we could 

expect in 2001 and still provide model data for Phase III of this project. 

 

The third synoptic survey was to be conducted during under-ice flow conditions in January.  The 

occurrence of below freezing temperatures for about a week was the criteria used to schedule the 

third synoptic survey.  Todd SWCD staff was also consulted to determine the extent of ice cover 

prior to scheduling the start of the third synoptic survey.  January was abnormally warm during 

2002, which prevented normal freezing.  The required conditions did not occur in January, as 

such the third synoptic survey was conducted in February 2002.  During the third synoptic 

survey, the river between LPR 83.1 and LPR 3.2 was 90 to 100% covered with ice.  The river, 

however, was free flowing at LPR 89.9 and 80% covered at LPR 85.5. 
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In addition to the three synoptic surveys, two special surveys were undertaken in the Carlos 

reach (LPR 89.9 to LPR 85.5) to determine the spatial extent and severity of the DO depletion in 

that area, and provide additional data to determine the causes.  The dates of each survey are 

listed below along with the rational behind monitoring during that period: 

 

♦ Synoptic survey 1 was conducted August 20–24, 2001  

Historical data document DO concentrations less than 5 mg/L during this period.  This is also the 

period of highest water temperatures historically recorded.  During this survey, the critical 

reaches were expected to be located downstream of Carlos, Long Prairie, and Browerville 

 

♦ Synoptic survey 2 was conducted September 24-25, 2001  

Existing point sources typically discharge during two periods:  April through June and 

September through December 15.  June or September was selected as a critical period for point 

source loadings because discharge normally occurs then and measured DO concentrations 

approach the 5 mg/L standard.  This period typically has the lowest flows and the warmest 

temperatures during the discharge periods.  During this survey, critical reaches were expected to 

include those downstream of wastewater treatment facilities that are discharging.   

 

♦ Synoptic survey 3 was conducted February 7-8, 2002:  

Ice cover during winter limits reaeration.  This is also the period of lowest monthly flows.  

During the winter period, limited DO data are available to define the critical reaches in the Long 

Prairie River.   

 

♦ Special survey 1 was conducted August 2, 2001:  

Todd SWCD staff had recorded DO levels well below 5 mg/L during on-going monitoring.  This 

prompted the MPCA to request a special survey of the area.  The goal of the survey was to 

determine the extent of the DO depletion zone spatially.   
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♦ Special survey 2 was conducted August 5-6, 2002:  

A two-day special field survey was conducted to provide further data relative to the cause of the 

low DO in the Carlos reach. 

 

 

6.4 DATA COLLECTION METHODS 

 

Data collection methods identified in the Phase I report were followed in the field except where 

field conditions prevented it.  The methods used to collect data presented in this report are 

described in detail below, along with any necessary deviations from that plan. 

 

Flow measurements: Two field crews comprised of two field staff members each measured 

flow in the upper and lower watershed respectively.  Field crews first measured flow together at 

LPR 47.8 to ensure that each crew was using the same procedure and documentation.  After 

measuring flow at the LPR 47.8, one crew proceeded to measure flow in the upper watershed, 

while the other crew measured flow in the lower watershed.   

 

Flow measurements were made with a Marsh McBirney model 2000 digital velocity meter.  

Velocity measurements were taken at 0.6 of the depth at locations with shallow depths (less than 

2.5 ft deep) or at 0.2 and 0.8 of the depth at locations with depths of 2.5 ft or deeper.  A staked 

tag-line placed perpendicular to flow was used to ensure horizontal spacing of velocity 

measurements taken so that in general no more than 10% of the total discharge was accounted 

for by any single velocity measurement.  At some locations, due to lack of access or limited 

daylight remaining, some velocity measurements accounted for 11% - 17% of the total 

discharge.  At selected locations, flow was measured two to three times during the survey to 

determine variation of flow during the survey.   

 

Stream-flow was measured at 13 main-stem stations and six tributaries during synoptic surveys 1 

and 2.  Ice cover present during synoptic survey 3 prevented flow measurements at all but one 

main-stem station, LPR 89.9, however under-ice flow velocity was measured at some locations 
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by inserting the digital velocity meter in the auger-hole drilled to collect in situ parameters and 

water quality samples.  During special survey 2, flow was gauged upstream (LPR 89.9) and 

downstream of the Carlos Reach (LPR 83.1).  From the canoe, observations of mid-channel 

depth were also noted in field notes.   

 

In the Phase I report, it was proposed that the MPCA install pressure transducers to continuously 

measure flow at the model boundaries, LPR 89.9 and LPR 3.2.  This was not accomplished 

during 2001.  Wenck made discrete measurements of discharge at Lake Le Homme Dieu as part 

of a study for the Alexandria Lakes Area Sanitary District (ALASD), these measurements will be 

used to generate a flow record at the upstream model boundary.   

 

At all sites, depth to water and existing staff gauges were measured for comparison with 

discharge measurements.  At existing CWP stations, depth to water was measured at locations 

used by Todd SWCD, at new stations a suitable location was chosen, coordinates were recorded 

via GPS, site diagram, and written description.  The depth to water location was then marked 

with spray paint.  During synoptic survey 3, depth to ice and ice thickness were each measured. 

 

During synoptic survey 2, the Long Prairie WWTF, the Eagle Bend WWTF, and the Superfund 

Site were discharging.  It was not possible to measure discharge from these point sources.  

Discharge Monitoring Reports (DMRs) provided by the MPCA were used instead to determine 

discharge corresponding to water quality samples collected at these locations.  Data obtained 

from DMRs for point sources discharging during synoptic survey 2 are summarized in Table 6-2, 

and discussed in later sections of this report.   

 

Water Quality Samples: Water quality samples were collected by two, 2-person crews during 

synoptic surveys 1 and 2 and one, 2-person crew during synoptic survey 3.  During these 

synoptic surveys, the field manager supervised both crews together in sample collection at the 

first station.  The field manager went over the field sampling objectives and schedule, equipment 

use and calibration, documentation and field sheets, the sampling plan, gauging, water quality 

sampling, in situ monitoring, and all QA/QC procedures.  This ensured that both crews were 
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collecting samples and measurements and documenting observations in the same manner.  All 

field staff was required to read the field sampling plan (the Phase I Report) prior to field work.  

After performing work together at LPR 47.8, the two crews split up and one crew obtained 

samples and data in the upper watershed, while the other crew sampled the lower watershed.  

Timing of sample collection and its affect on observed DO measurements will be discussed in 

later sections of this report.   

 

Water quality samples were collected for the parameters mentioned in Section 6.1 of this report 

during synoptic survey 1 and 2.  Water quality samples were collected for all parameters listed in 

Section 6.1 except CBODu, chlorophyll-a, and algae identification and enumeration in synoptic 

survey 3.  Water quality samples for special survey 1 (August 2001) were analyzed for all 

parameters listed in Section 6.1 except CBODu.  Additional parameters for samples collected 

during special survey 1 included total and dissolved organic carbon, color, fecal coliform, e. coli, 

and suspended volatile solids.  Water quality parameters for samples collected during special 

survey 2 included total organic carbon and those listed in Section 6.1 (except CBOD20, OP, 

chlorophyll-a, and algae identification and enumeration).   

 

At each sample location, a bucket was used to composite sufficient volume of sample to fill all 

sample bottles.  Prior to sample collection, the bucket was rinsed with sample water.  The rinse 

water was then dumped on the riverbank or road next to the site.  In all cases, samples were 

collected prior to disruption of bottom sediments required for discharge measurements and 

sediment sampling to ensure accurate data.  Water quality samples collected at bridge crossings 

were collected from the bridge, while water quality samples collected in between bridge 

crossings (such as those collected during special survey 1 and 2) were collected from a canoe.   

In situ monitoring:  Hydrolabs from FTN and rented YSI instruments were used to measure in 

situ parameters (temperature, DO, conductivity, and pH) concurrently with water quality sample 

collection.  With each survey, measurement of in situ parameters and collection of water quality 

samples were completed the same day.  Often, additional in situ parameters were collected 

through the duration of the survey.  Readings were taken when the probe was suspended mid 

channel, at mid depth.  The meter was allowed to stabilize before readings were recorded.  The 
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field manager reviewed procedures for taking readings with both field crews together at one site 

prior to the beginning of work. 

 

Calibration procedures for YSI and Hydrolabs used to measure temperature, pH, DO and 

conductivity were performed as specified by the manufacturers.  DO meters were air calibrated 

at the beginning of each day of each synoptic survey.  Also, an air calibration was performed for 

the Hydrolabs and YSIs immediately before they are deployed for continuous measurements.  

When more than one meter was used, two meters were tested side-by side to rule out significant 

variation between meters.   

 

During the first survey, after completing measurements associated with water quality samples, 

the Hydrolabs were deployed at LPR 85.5 and LPR 21.1 for continuous monitoring of in situ 

parameters over a 24-hour period.  YSI’s were deployed for continuous measurement at LPR 

85.5 and LPR 18.2 September 12 to September 24, 2001.  Each unit was deployed to measure 

data at a depth equivalent to the middle of the photic zone.  The middle of the photic zone was 

mid-depth since the sechi depth was equal to the total depth at all locations.  The Hydrolabs were 

set to record measurements of temperature, DO, conductivity, and pH at 15 minute and 1 hour 

intervals (15 minute intervals for the 24-hour monitoring event, 1 hour intervals for the 12-day 

event).   

 

During the second synoptic survey, two YSI sondes were retrieved from long-term continuous 

DO monitoring prior to their use during synoptic survey 2.  Because equipment owned by FTN, 

or Wenck was not available, YSIs for the second survey were rented from a reputable dealer of 

environmental equipment.  Calibration solutions for pH and conductivity were requested but not 

shipped along with the YSI displays.  The meters were air calibrated for DO side by side prior to 

use each day they were used during the survey.  A one-point pH calibration was performed side-

by-side on both YSIs using de-ionized (DI) water.  Measured pH from the YSI sonde used 

between LPR 89.9 and LPR 47.8 indicate that one-point calibration of that instrument was not 

sufficient to yield usable values of pH for that segment of the river.  As such, these results are 

not included in the final data set.   
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During special surveys 1 and 2, DO concentration was measured along the channel profile 

between LPR 89.9 and LPR 55.5 by suspending the Todd SWCD YSI mid-channel and mid-

depth from a canoe and paddling from LPR 89.9 to LPR 85.5.  In addition to DO measurements 

taken from the canoe, MPCA staff installed continuous DO meters at LPR 89.9 and LPR 85.5 

during special survey 1.  Data from these meters is not presented in this report because of a 

major discontinuity in the DO measurements at both stations.  The data record shows that DO 

concentrations dropped 2 mg/L in 30 minutes at LPR 89.9 and 8 mg/L in 30 minutes at LPR 

85.5.  This does not likely represent actual conditions at the two stations, and more likely the 

result of equipment malfunction.  The cause of the equipment malfunction is unclear as further 

data regarding equipment installation and calibration was not available from MPCA staff.  

Wenck installed two Hydrolabs for 24-hours of photic zone, continuous DO measurement at 

LPR 88.3 (rail road crossing bridge) and LPR 85.5 during special survey 2.   

 

Time of Travel Study:  Slugs of tracer, Rhodamine WT dye, was injected into the Long Prairie 

River at several locations in September and one location (LPR 85.5) during the special survey 2.  

Samples were collected at fixed locations downstream of the injection point until the dye cloud 

passed.  Grab samples were collected manually and with the use of an ISCO 6700 Automated 

sampler set to collect discrete samples at 30-minute intervals.  Samples were analyzed for 

relative concentrations of Rhodamine WT dye on a Turner Flourometer.  This method is 

described by the USGS (“Measurement and Computation of Streamflow: Volume 1.  

Measurement of Stage and Discharge.” p.  214).  The fluorometer was calibrated per 

manufacturers’ specifications at the beginning of each day the machine was used.   

 

In the process of collecting the ISCO automated sampler used to collect samples at LPR 76.7 

during the September dye study, the sampler, full of samples, tipped over when field staff tripped 

over vegetation on the stream bank at 2:15 am.  Varying sample volumes in the individual bottles 

indicated that some samples inside the machine were mixed as the ISCO tipped over.  Manual 

grab samples were collected at this site as the peak passed.  Also, concentrations of Rhodamine 

WT dye made visual observation of the dye cloud possible.  Analysis of the manual grab samples 

augment the samples lost to show the dye center of mass as it passed this location.   
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River Sediment Characterization and Macrophyte Survey:  During synoptic survey 1, each 

field crew visually observed and recorded the abundance and major types of macrophytes 

observed at each station, and the types of sediment at each station.  Sediment samples were 

collected in Ziploc® bags and labeled with river mile.  The sediment samples were reviewed in 

order (upstream to downstream).  Macrophyte and sediment data is summarized in Table 6-3.   

 

Under-Ice Sampling:  After visually inspecting the ice to assess the safest point of access, ice 

thickness was tested with an ice chisel.  If ice supported three chips from the ice chisel without 

breaking through, the ice was considered sufficient to support the weight of field staff and 

equipment.  A hand ice auger was then used to drill a hole in the ice.  Ice thickness and water 

depth was measured.  Care was taken not to stir up sediment with the auger.  If sediment was 

stirred up, field staff waited and then chose a location upstream of the first hole and drilled 

another hole.  As soon as possible after drilling the auger hole, the YSI was inserted to mid-

depth to obtain the DO reading and the rest of the field parameters.  This was done to ensure that 

under-ice DO was measured accurately.  Field staff then used a sample bailer to obtain a sample.  

The bailer and sample bucket used to collect samples were each rinsed with sample water.  Rinse 

water was dumped off to the side so that it did not go back into the auger-hole.  Sample water 

from individual bailers was emptied into the bucket.  The sample bottles were filled from the 

composite sample in the bucket.  Samples were then labeled and time of sampling was recorded 

on the chain of custody (COC) forms.  Samples were then placed in a cooler containing not less 

than 4 bags of ice.  Chlorophyll-a and algae identification and enumeration samples were not 

collected during the synoptic survey 3. 

 

Other field observations were made as well, including but not limited to ice cover, snow cover.  

For safety reasons, most samples were collected not more than 15 feet from the river bank, so not 

mid channel but as close as possible to it.  At two locations the depth of water flowing under the 

ice was not sufficient to obtain a sample. 
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6.4.1  Sample Handling and Custody  

 

For all parameters except CBODu, Minnesota Valley Testing Laboratory (MVTL) provided 

sample bottles and analyses for the three synoptic surveys.  Each sample bottle was labeled with 

the station ID, date, and time just prior to sample collection.  Samples were packed in coolers 

containing not less than four bags of ice to ensure they were chilled to 4 degrees Celsius as soon 

as possible after collection.  MVTL staff transported samples by truck from Long Prairie to the 

lab in New Ulm to ensure arrival at the lab in less than 24 hours of sample collection.  Sample 

containers for and analysis of the CBODu samples, were provided by Metropolitan Council 

Environmental Services (MCES).  These samples were transported, by Wenck staff, from Long 

Prairie to the MCES lab in St. Paul, Minnesota. 

 

Chain-of-custody (COC) forms for water quality samples were also provided by MVTL.  The 

COC forms indicated operator and sample ID, analyses to be performed, and date and time of 

sampling.  Special notes or instructions for the laboratory were included in the COC. 

 

The Minnesota Department of Health (MDH) provided sample bottles and analysis for the 

special survey 1.  Dr. Howard Markus of the MPCA performed microscopic analysis for the 

algae identification for the special surveys.   

 

 

6.4.2  Quality Control Measures 

 

Laboratory QA/QC procedures:  The MPCA contract laboratory followed its own internal 

QA/QC procedures.  The laboratory maintains written documentation of these QA/QC 

procedures.  The analytical methods used by the laboratory are listed (Appendix D, Table D-1). 

Duplicate in situ measurements: Consistency between instruments being used to collect in situ 

measurements was checked by measuring temperature, DO, conductivity, and pH with both 

Hydrolab instruments side by side at the beginning and end of the water quality sample 

collection.   
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Duplicate water quality samples: For approximately 10% of the water quality samples, a split 

sample was collected and submitted to the laboratory as a blind duplicate.  Two sets of sample 

bottles were filled from the same bucket of water; one set was labeled with the actual station ID, 

date, and time and the other set was labeled with a fictitious station ID, the actual date, and a 

fictitious time.  The purpose of labeling the duplicate samples with a fictitious station ID and 

time was to prevent the laboratory personnel from realizing that the sample is a duplicate.  Both 

sets of samples bottles were filled from the same bucket of water to allow analytical variability 

to be evaluated with minimal interference from sampling variability.  Results of duplicate 

samples are presented (Appendix D, Table D-2).  A summary of data quality is presented 

(Appendix D, Table D-3).  No sample blanks were submitted because the laboratory’s internal 

QA/QC procedures include analyzing blank samples. 

 

Sample filtration:  Samples to be used for dissolved ortho-phosphorus analysis were field filtered 

for all samples except samples collected on the second day of synoptic survey 3.  These samples 

were filtered as soon as possible after collection on the day of sampling at the lab due to lack of 

time.  Samples for chlorophyll-a measurements were filtered upon arrival at the laboratory.  

None of the CBOD samples were filtered. 

 

 

6.4.3 Data Assessment and Oversight 

 

The Field Sampling Leader evaluated Field data in the field for completeness.  The Project Manager 

and QA Officer evaluate results of laboratory analyses.  Questionable laboratory analytical data was 

discussed with the technical and QA representatives of the contract laboratory.  No changes were 

made to final data set, though one data point (Kjeldahl nitrogen at LPR 83.1 collected during 

synoptic survey 1) was omitted from the final data set.  Four samples and one duplicate sample from 

the second day of sampling during the third synoptic survey were analyzed after holding time.  The 

samples were first analyzed within holding time, however, the analyst had made a mistake and the 

data was incorrect.  The error was not realized until after the 48-hour holding time.  The samples 

were re-analyzed as soon as possible after discovery of the error.  Data in the database is flagged.   



 

7.0 Results of Field Investigations 

River profiles of flow and water quality data collected during the three synoptic surveys and two 

special surveys are presented in Appendix D, Figures D-1 through D-3.  Figure D-1 compares 

flow profiles during the three synoptic surveys and the two special surveys. Figure D-2 presents 

profiles of temperature, DO, DO percent saturation, CBOD5, CBOD20, TP, OP, NO2/NO3-N, 

NH3-N, TKN, pH, TSS, conductivity, and chloride.  Chlorophyll-a, and algae identification and 

enumeration data are presented in Figure D-3.  The time of travel study results are presented in 

Appendix D, Figure D-4.  Data collected during the TMDL study are presented in STORET form 

and submitted to the MPCA on CD.  Lab reports and field data sheets from Phase II are 

presented in Appendix E.  The results are discussed in the sections below.   

 
 
7.1 POLLUTANT LOADINGS 
 

 

7.1.1 Point Source Loadings 

 

Table 6-2 shows wastewater treatment facility pollutant loadings estimated from Discharge 

Monitoring Reports (source: MPCA).  Of the three synoptic surveys, known point sources 

discharged only during survey 2.  The only point sources discharging during synoptic survey 2 

were the Long Prairie WWTF, the Superfund site in Long Prairie, and the Eagle Bend WWTF.  

Pollutant loading for the Superfund site was estimated based on remediation system operation 

manuals and observed concentrations.  The groundwater discharge from the system is small, less 

than 300 gpm (0.7 cfs), less than 1% of the flow at Long Prairie during the synoptic surveys.   
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7.1.2 River Loadings 

 

Tables 7-1a and 7-1b summarize in-stream pollutant loadings for synoptic surveys 1 and 2.  Flow 

data is not available for February 2002 so calculation of daily river loads for synoptic survey 3 

was not possible.   

 

 

7.1.3 Discussion of Point Sources and Non-point Sources 

 

Based on Tables 6-2, 7-1a and 7-1b, in-stream pollutant load increases during survey 2 between 

stations LPR 47.8 and LPR 38.5 primarily signal the discharges from the Long Prairie WWTF.  

For example, the phosphorus load increase of 190 pounds per day (lbs/day) was reasonably 

consistent with reported discharge loadings totaling 270 lbs/day.   

 

Apart from the LPR 47.8-to-LPR 38.5 increase during survey 2, virtually all in-stream loadings 

reflect non-point pollutant sources.  During both surveys, the TP loading at the upstream 

boundary station LPR 89.9, representing approximately 240 square miles (mi2) of drainage area, 

was almost negligible (1 to 2 lbs/day) due to the affects of the Alexandria area lakes.  The TP 

loadings during survey 1 at both LPR 47.8 (47 lbs/day; drainage area 434 mi2) and LPR 30.8 (75 

lbs/day; drainage area 564 mi2) suggest phosphorus export coefficients of 0.13 pounds per acre 

per year (lbs/ac/yr) if extrapolated over a whole year.  The TP loading at LPR 47.8 during survey 

2 (19 lbs/day) would imply an even lower export value of 0.05 lbs/ac/yr if extrapolated.  These 

export coefficients are quite low, but of course they reflect dry weather and moderately low in-

stream flows.  They therefore suggest a lower bound of about 0.1 lb/ac/yr for TP export from 

most of the upper watershed.   

 

In-stream TP loadings in the lower 30 miles of the river tend to decrease slightly, apparently 

reflecting in-stream losses and suggesting even lower export values for the lower watershed.  

This correlates with the ecoregion boundary separating the upper and lower watersheds. 
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Additional conclusions regarding point and non-point source data are discussed further in the 

modeling sections of this report. 

 

 

7.2 STATISTICAL ANALYSIS 

 

 

7.2.1 DO  

 

Todd SWCD On-going Monitoring:  On-going monitoring by Todd SWCD, conducted between 

April and October 2001, shows that lowest DO concentrations at monitored CWP sites were 

recorded during warm summer months of June, July, or August with one exception.  At LPR-21.1, 

the lowest average monthly DO concentration was observed in October.  The lowest monthly 

average DO concentrations are at or below the 5 mg/L standard at CWP monitoring sites between 

LPR 85.5 and LPR 21.1.  River profiles constructed from average monthly DO data from the CWP 

study for June, July, and August 2001 show DO sags to 5 mg/L and below downstream of Carlos, 

and downstream of Long Prairie.  Data also show that average monthly values rebound to 10 mg/L 

before reaching the confluence with the Crow River.   

 

Three Synoptic Surveys:  Discrete DO measurements taken during the three synoptic surveys 

confirm what was determined by existing data.  Measurements indicate sags in DO concentration 

between LPR 89.9 and LPR 85.5 (upstream and downstream of Carlos), and a gradual decrease in 

DO concentrations during under-ice flow.  Measurements showed only a slight sag in DO 

concentration at Long Prairie (LPR 47.8).  Comparison of sample time and DO concentration to 

daily DO range (discussed below) did not indicate that any DO sags were masked or hidden by the 

time of day samples were collected. 
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7.2.2 DO Daily Range 

 

Continuous DO readings were taken August 22-23, 2001 at LPR 85.5 and LPR 21.1, September 

12- 24, 2001 at LPR 85.5 and LPR 21.1, and August 5-6, 2002 at LPR 88.3 and LPR 85.5 are 

presented in Appendix D, Figures D-4 through D-9.  Based on these measurements, maximum 

daily DO concentrations generally occur between 4 pm and 6 pm, minimum daily DO 

concentrations generally occur between 8 am and 10 am.  The delta DO (ΔDO) is the difference 

between the daily maximum and daily minimum DO concentration observed in 24 hours.  The 

ΔDO values can be used to make a rough estimate of community gross primary productivity 

(Erdmann, 1979a and 1979b; Chapra and Di Toro, 1991).  Tables D-4a and D-4b in Appendix D 

summarizes ΔDO for data collected during this study. 

 

Continuous DO data collected during these surveys indicate that DO variations were typically 2 

mg/L upstream of Carlos and downstream of Browerville.  This is consistent with data collected 

previously by the MPCA and indicates substantial primary productivity, roughly on the order of 

4 mg/L of oxygen per day.  (Simplified Diurnal Curve Analysis states that a rough estimate of 

community gross primary productivity is two times the ΔDO [Erdmann, 1979b].) 

 

 

7.3 DO IMPAIRMENT ANALYSIS 

 

The State standard for DO to support the aquatic life designated use is 5.0 mg/L.  All six 

segments of the Long Prairie River main stem are on the MPCA’s 2004 CWA 303(d) List as 

impaired with respect to support of aquatic life due to low DO (Table 2-1).  In these segments, 

Wenck, MPCA, DNR, and Todd SWCD have each observed intermittent DO impairments, DO 

concentrations below 5.0 mg/L.   

 

Todd SWCD On-going Monitoring:  Based on on-going monitoring by Todd SWCD, DO 

impairment typically occurs during warm summer months of June, July, and August in the reaches 

of Long Prairie River just downstream of Carlos (downstream of LPR 89.9 to upstream of LPR 



 

79.4) and just downstream of Long Prairie (LPR 47.8 to upstream of LPR 38.5).  Some DO 

impairment is observed in late fall, no winter data was collected.   

 

Synoptic Surveys:  Concentrations of DO measured during synoptic survey 1 showed DO 

impairment (DO concentrations below 5 mg/L) at LPR 85.5 and LPR 83.1.  Concentrations 

measured at LPR 79.4 and all measured sites downstream rebound to above 6 mg/L.  During 

synoptic survey 2, the DO sag was again observed at LPR 85.5 but concentrations remained above 

5 mg/L in the main stem of the Long Prairie River.  During synoptic survey 3, under-ice 

conditions, the DO concentration measured at LPR 85.5 (which was free- flowing) was about 15 

mg/L.  DO concentrations decreased gradually at sites measured over the length of the Long 

Prairie River to about 7 mg/L at LPR 3.2.  All measured DO concentrations were above 5 mg/L 

during synoptic survey 3, but the effect of limited re-aeration by ice cover was evident along the 

length of the river.   
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8.0 Overview of Modeling Approach 

BASINS 3.0 was selected for this project because it meets the model selection criteria specified 

by the MPCA to address the project objectives, it includes models that have the relevant 

physical, chemical, and biological processes, and it has been successfully used for DO TMDLs 

throughout the United States.  BASINS is a main-stream public domain model that was 

developed by and is currently supported by the U.S. Environmental Protection Agency (EPA).   

 

BASINS is a suite of interrelated components for performing watershed and water quality 

analysis.  The five categories of components in BASINS are: 1) national databases; 2) 

assessment tools; 3) utilities for local data import, land use and DEM reclassification, watershed 

delineation, and management of water quality observation data; 4) watershed and water quality 

models; and 5) post-processing output tools for interpreting model results.   

 

Of the available models in BASINS, the QUAL2E model was originally selected to simulate the 

Long Prairie River and the SWAT model was selected to simulate the non-point source (NPS) 

contributions to the Long Prairie River.  This combination of models addressed all of the project 

objectives. 

 

QUAL2E is a steady state model that can simulate interactions of nutrients, chlorophyll-a, 

carbonaceous BOD (CBOD), nitrification, sediment oxygen demand (SOD), and DO.  The 

QUAL2E model was developed by EPA and has been widely used and tested across the United 

States.  The QUAL2E model was originally selected to address the following technical issues:  

 

1) Predicting the effect of reducing point and non-point sources of BOD 

(carbonaceous and nitrogenous) and nutrients on DO under a range of flow 

conditions;  
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2) Evaluating the nutrient- chlorophyll-a -CBOD-DO relationships in the river;  

3) Predicting the effects of nutrient reductions in reducing algal biomass and 

maintaining DO concentrations for fisheries;  

4) Characterizing the impacts and interaction of point and non-point sources on 

water quality in the river;  

5) Assessing the assimilative capacity of the river in the Carlos and Browerville-to-

Crow Wing River areas; and  

6) Predicting the cumulative impact of pollutant contributions by the minor 

watersheds on the main-stem of the Long Prairie River. 

 

The SWAT model is a watershed model developed by the U.S. Department of Agriculture’s 

Agricultural Research Service.  This model is based on many years of research and has been 

used and tested in numerous applications throughout the United States.  The SWAT model is a 

continuous simulation model (as opposed to a single event model) that simulates flow, sediment, 

nutrients, and other parameters for large watersheds.  The model is physically based and is 

designed to evaluate the impacts of different land management practices on flow and water 

quality, especially in rural basins.  The SWAT model was used to:  

 
1) Distinguish levels of long-term effectiveness of different watershed management 

strategies,  

2) Summarize the atmospheric, point, and non-point source contributions to water 

quality in the Long Prairie River, and  

3) Assess the impact of loss of CRP lands near the river as projected to occur over 

the next five years. 

 

To simulate the Long Prairie River system from Carlos downstream to its confluence with the 

Crow Wing River and achieve the project objectives it was necessary to: 

 

1) Simulate approximately 100 miles of stream with one to two branches. 
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2) Include eight point sources (Carlos, Long Prairie (3), Long Prairie Superfund site, 

Browerville, Clarissa, Eagle Bend) including detailed resolution downstream of 

point sources to describe DO sag. 

3) Include up to six tributary inputs. 

4) Include variable distributed loads to account for groundwater inputs and NPS inputs 

from adjacent watersheds. 

5) Include DO, BOD, nitrification, re-aeration, SOD, and a conservative substance.   

6) Simulate both algae and macrophytes (through net productivity). 

7) Simulate winter conditions – low temperatures and ice cover (no reaeration). 

8) Simulate 96 sub-watershed basins of differing characteristics. 

 

The QUAL2E/SWAT model combination, as originally proposed, has the capabilities to address 

most of these requirements.  However, after careful analysis, it was recommended that 

QUAL-TX be used in this study instead of QUAL2E.  QUAL-TX (version 3.4), like QUAL2E, 

is public-domain steady-state one-dimensional water quality model developed by the water 

quality standards and Evaluation Section of the Texas Natural Resource Conservation 

Commission and its’ predecessor agencies.  This model is a modified version of the United 

States Environmental Protection Agency (EPA) distributed model, QUAL-II.  QUAL-TX is a 

model of moderate complexity that predicts DO concentrations in response to loading of BOD 

and NH3-N.  The model also has the ability to simulate nitrogen and phosphorus series, 

temperature, conservative pollutants, chlorophyll-a, and macrophytes.  The QUAL-TX model 

has successfully been used on DO TMDL projects in several states.  It is a modified version of 

QUAL-II, which has become QUAL2E.  The specific reasons for this recommendation are listed 

below: 

 
1) QUAL-TX is similar to QUAL2E with the same basic kinetic formulations and 

structure – not a distinctly different model. 

2) QUAL-TX has the ability to simulate variable element lengths.  This will allow the 

use of shorter element lengths downstream of point sources for better resolution and 

longer element lengths in other parts of the system. 
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3) QUAL-TX has both macrophytes and algae state variables.  QUAL2E has only one 

type of algae that can be modified by eliminating the transport terms to simulate 

macrophytes.  However, to simulate both algae and macrophytes simultaneously in 

QUAL2E would require adding another state variable. 

4) QUAL-TX has more options for reaeration, including specifying a surface transfer 

coefficient (KL).  The surface transfer coefficient is useful for providing a minimum 

reaeration when velocities are low, especially under 7Q10 conditions. 

5) QUAL-TX has the capability to specify mass loads (without additional flows) to 

handle internal loads from wetland areas. 

 

By selecting QUAL-TX over QUAL2E, the following capabilities were lost, but were not critical 

to the success of the project: 

  

1) QUAL-TX is not part of BASINS. 

2) QUAL-TX does not have all the uncertainty analysis tools that QUAL2E has, but it 

does have a good sensitivity analysis component. 

3) QUAL-TX does not have the option of calculating depth and velocity based on a 

trapezoidal cross section.  The characteristics of a trapezoidal channel can be 

represented in QUAL-TX using the power functions for depth and velocity (velocity 

= a * Flow^b and depth = c * Flow^d). 

 

 

8.1 CONCEPTUAL MODEL APPROACH AND SETUP 

 

The overall modeling approach for this project is: 

 

A. To use the QUAL-TX receiving stream water quality model to develop the TMDLs 

for DO in the Long Prairie River, including estimation of required reductions in 

pollutant loads, and, 

B. To use the SWAT watershed model to investigate land management practices needed in 

the watershed to achieve the required NPS load reductions predicted by QUAL-TX. 
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8.1.1 QUAL – TX 

 

The QUAL-TX model was set up for the entire length of the main stem of the Long Prairie River 

from Carlos (LRP 89.9) downstream to the confluence with the Crow Wing River.  The model 

includes one branch for Eagle Creek so that the two point sources located on Eagle Creek are 

included in the analysis.  A model schematic is shown in Figure 8-1.  This diagram shows the 

model reach breaks, model inflow points, and existing point sources.  Inflows from major 

tributaries other than Eagle Creek are specified as inputs to the model, but the QUAL-TX model 

does not extend up into any of the tributaries (i.e., no branches other than Eagle Creek).  The 

Miltona WWTF discharge is not included in the model because it is small (i.e., 40,000 gals/day) 

and it goes through a slough and unnamed tributary that will assimilate the waste.  There does 

not appear to be a direct pathway from the Miltona WWTF to the Long Prairie River.  This 

schematization includes all of the reaches on the 2004 303(d) List identified as not meeting the 

water quality standard for DO.  The field data were collected at stations downstream from point 

source discharges in addition to those sampled in the past in order to provide adequate data 

resolution for model calibration. 

 

State variables in the QUAL-TX model included DO, CBOD, nitrogen series, and phosphorus.  

Model processes include CBOD decay, nitrification, reaeration, SOD, and net productivity.  

Inputs to the QUAL-TX model include flow rates and concentrations from point sources, non-

point sources, headwater inflow, and tributary inflows. 

 

QUAL-TX was calibrated to the main stem of the Long Prairie River using data collected as part 

of the comprehensive field surveys under different flow conditions during Phase II of this project 

in 2001-2002.  The three critical periods of the year were simulated:  

 

1) September, when temperatures were warm and point sources were discharging,  

2) August which is characterized by low flows, no point source discharges, and high 

temperatures; and  

3)  February, which was characterized by low flows and ice cover.   



 

First, the model hydraulics were calibrated to match time of travel and depth measurements; then 

the nutrients and BOD were calibrated.  Kinetic coefficients were determined using in-stream 

DO, BOD, and N concentrations.  Equations are used to estimate reaeration rates, the DO 

exchanged between atmosphere and water column, from reach-specific hydraulic data.   

 

The QUAL-TX model was validated using a sub-set of historical monitoring data collected 

between 1996 through 2002 by Todd SWCD.  Two validation scenarios were simulated: one 

with point source discharges and one without.  Major discrepancies outside the recommended 

calibration tolerances were resolved prior to using the model for completing the TMDL. 

 

Section 303(d) of the Federal CWA and EPA’s regulations in 40 CFR 130.7 require the 

consideration of seasonal variation of conditions affecting the constituent of concern and 

inclusion of a Margin of Safety (MOS) in the development of a TMDL.  Projection simulations 

will be run for both winter and summer critical conditions to represent the required seasonality.  

All point sources will be assumed to be discharging at design capacity for critical conditions.   

 

The MOS accounts for any lack of knowledge or uncertainty concerning the relationship 

between load allocations and water quality.   

 

Projection simulations were made with QUAL-TX to examine the in-stream effects of different 

loading scenarios (i.e., scenarios with different point and/or non-point source loadings to the 

main stem of the Long Prairie River).  These scenarios were then simulated under critical 

conditions for flow and water temperature for each season (see table below).  The results are 

presented in the following sections. 

 
Critical Conditions 

 7Q10 Flow at LPR 47.8 (cfs) Temperature (degrees C) 
Summer 11.4 23 
Winter 6.9 0  
Spring 38.6 21  
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8.1.2 SWAT Model 

 

The SWAT model was used to analyze land management practices needed in the watershed to 

achieve certain loading scenarios.  SWAT was applied using existing watershed data (e.g., land use, 

soils, etc.) as inputs and calibrated to 1997-1999 values of flow, sediment, and nutrients.  SWAT 

was validated using one year of data collected during the Phase II monitoring program in 2001-2002. 

 

With respect to segmentation, land use specifications, and model components, the SWAT model 

was developed at the tributary watershed level for calibration and validation.  In other words, the 

SWAT model was first calibrated for each tributary that has daily flow data (e.g., Eagle Creek, 

Moran Creek, and Turtle Creek).  Calibration parameters in SWAT were held at the same value 

for all tributary watersheds unless there is a reason for varying them (the principle of parameter 

unification was followed). 

 

Calibration of the hydrologic model was complicated because the one long-term USGS 

monitoring station is located in the middle of the basin and outflow from Lake Carlos was not 

monitored continuously.  Initially, tributary hydrologic parameters were determined by 

calibrating existing flow data from Eagle (CWP Site 4), Moran (CWP Site 8), and Turtle (CWP 

Site 3) Creeks.  Then data from the USGS gage at Long Prairie and upstream and downstream 

main stem stations were used to develop consistent watershed parameters.  Some flow data was 

available from the outlet of Lake Carlos for 2000 and 2001, which helped with the model 

calibration.  If the model had been calibrated for the entire Long Prairie basin first, the model 

might have under-predict flows in one tributary and over-predict flows in another tributary such 

that main stem calibration results might look good even though the model incorrectly simulated 

the hydrologic processes occurring in each tributary.  Emphasis was first placed on annual runoff 

totals followed by seasonal totals.  These calibrated basin parameters were used to develop the 

basin model that separated out the storage component in the upstream lakes.   

 

After the flow was calibrated, the suspended sediment and nutrient loads were calibrated 

following the same general procedure.  Basin parameters were determined using data from T 

LPR 15.8, T LPR 33.6, and TLPR 20.8 and basin parameters from LPR 56.0 downstream.  
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Again, the priority was placed first on annual loads followed by seasonal loads.  There was 

insufficient data to consider storm loads in the scope of this modeling effort.  The SWAT model, 

calibrated for the entire basin, includes inputs from each calibrated tributary as well as runoff 

from intervening areas, headwater inflow (from the lakes area upstream of Carlos), and 

groundwater inputs.  The portion of the Long Prairie basin upstream of Carlos was not simulated 

with either SWAT or QUAL-TX.  The flow in the Long Prairie River just upstream of Carlos at 

LPR 89.9 served as the upstream boundary condition for both models. 
 

Climatalogical data used for calibration and verification of the SWAT model were obtained from 

both NOAA stations and the local observation network.  NOAA stations at Long Prairie, 

Wadena, Brainerd, and the Alexandria Airport provide daily precipitation data, and the Wadena, 

Brainerd, and Alexandria stations also provided daily air temperature.  Additional precipitation 

data from the Todd SWCD’s local network was also obtained.  Evaporation data was procured 

from the NOAA station at the University of Minnesota at Morris.   
 

For the evaluation of management alternatives with SWAT, input data was incorporated so that 

management alternatives could be analyzed at the MDNR sub-watershed level (about 9 square 

miles).  This scale will aid in the identification and control of load sources. 
 

 

8.1.3 Sensitivity Analysis 

 

8-8

All modeling studies necessarily involve uncertainty and some degree of approximation.  It is 

therefore of value to consider the sensitivity of the model output to changes in model 

coefficients, and in the hypothesized relationship among the parameters of the model.  
  
To perform a sensitivity analysis with QUAL-TX, the user only needs to specify a list of input 

parameters and the desired percentage variation for each parameter and then execute the model 

one time.  For each parameter, the model calculates the minimum in-stream DO with that 

parameter adjusted up or down while all other parameters are kept at their original values.  Thus 

the sensitivity of each parameter is reviewed separately.  The sensitivity analysis will be 

performed on one of the projection simulations.   
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Sensitivity analyses were conducted on “critical” input parameters for the SWAT model.  A range of 

reasonable and acceptable values for each of the critical input parameters was established during the 

calibration process.  The SWAT model was run using different values (within the established range) 

for each critical input parameter and the model output was compared to the original input values.  

The sensitivity analysis results served not only as a guide to parameter adjustments during 

calibration, but also as a preliminary indicator of the effectiveness in improving water quality of 

various possible BMPs. 
 

 

8.1.4 Calibration/Validation Tolerance Goals 

 

Calibration/validation tolerance goals are typically established for watershed models such as 

SWAT to evaluate annual or long-term results rather than short-term results.  The table below 

summarizes tolerance levels.  The tolerances apply to the time-averaged (SWAT calibration) or 

spatially averaged (QUAL-TX calibration) values used for comparison, considering the 

calibration or validation period as a whole.  The errors in model simulations can never be less 

than the errors in the model-input parameters.  For comparison, the table below also includes a 

summary of typical analytical and field measurement errors by parameter.  The specific 

analytical and field errors for this study may be larger or smaller than these values.  In the table 

presented below, the analytical and field measurement errors apply to individual measurements, 

whereas the tolerance levels for model calibration/validation apply to time-averaged values.   

 
Proposed Calibration and Validation Tolerances 

 Model Tolerance Analytical Error Field Error 
Flow 10% 5% 10-20% 
Sediment Loads 25% 1 mg/L 50% 
DO 25% 0.5 mg/L 2 mg/L 
BOD 25% 0.5 mg/L 2 mg/L 
Phosphorus 25% 0.02 mg/L 20% 
NH3-N 20% 0.05 mg/L 0.1 mg/L 
NO2/NO3-N 50% 0.02 mg/L 0.05 mg/L 
Chlorophyll-a 100% 20% 100% 
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The 2 mg/L field error tabulated for DO is based on FTN studies where multiple DO 

measurements were made within a singe stream cross-section.  A careful measurement in the 

main flow of a cross section would be expected to be much closer than 2 mg/L to a 

“representative” value (say, within 0.5 mg/L).  However, interpretations of DO data must also 

take account of potentially even larger diurnal variability.  Such diurnal variability does not 

imply that a field measurement at a point in time is erroneous; but a point-in-time DO 

measurement must be interpreted within the framework of known or probable diurnal variability.  

Errors in DO measurement were minimized through daily calibration of each instrument, proper 

measurement techniques by experienced field personnel (e.g., waiting until the reading on the 

meter has stabilized before recording the data), and duplicate measurements and other QA/QC 

procedures. 

 

Long-term average calibration tolerances are only one measure of model calibration, however, 

and can sometimes lead to a false sense of model usefulness.  As part of the 

calibration/validation process, it is also important to interpret results from the viewpoint of a 

practical, physical understanding.  To accomplish this practical interpretation, simulated results 

were plotted as time series and longitudinal profiles and compared directly with measured data 

and associated errors to determine if the model accurately represents significant features of the 

data.  Loading relationships, such as nutrient load versus flow, were also developed and 

compared with confidence limits. 

 

 

8.2 MODEL CALIBRATION AND VALIDATION SITES 

 

The QUAL-TX model was calibrated using data from sites monitored under the CWP study, by 

the MPCA, and new stations located on the main stem of the Long Prairie River monitored 

during Phase II.  These stations are shown in Figure 3-2 and listed in Table 5-1.  The calibrated 

QUAL-TX model was validated using historical data from the CWP stations and one MPCA 

station located on the main stem of the Long Prairie River.   
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The SWAT model was calibrated and validated using data from the three tributary stations, two 

main stem stations, the USGS station at Long Prairie, and the MPCA station at Motley.   
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9.0 QUAL-TX Modeling 

9.1 INTRODUCTION 

 

The QUAL-TX model was selected to: 

 

• Characterize existing conditions in the water body. 

• Determine the steady state assimilative capacity of the Long Prairie River during low-

flow conditions. 

• Determine the effects of both point and non-point source pollutant load reductions during 

low-flow conditions.  

 

Existing conditions were characterized through model calibration to three synoptic stream 

surveys conducted as part of this study: 

 

Synoptic Survey Dates Scenario 

1 August 20, 22-24, 2001 
Without point source 

discharges 
 
2 September 24-25, 2001 With point source discharges 

3 February 7-8, 2002 
Under Ice, without point 

source discharges 
 

Low-flow conditions are simulated for three 7-day, 10-year low flows (7Q10) corresponding to 

summer, spring, and winter seasons (Section 8.1.1).   

 

This section of the report documents technical details of the QUAL-TX modeling.  The QUAL-

TX model (Texas Water Development Board, 1995) is a variant of the USEPA’s QUAL2E 

model (Brown and Barnwell, 1987; NCASI, 1985; and Roesner et al., 1981).  Sections 9.2 

through 9.6 of this report explain how various parameters in the model were determined.  Section 
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9.7 describes the model calibration to existing conditions, model verification to historical 

conditions, and model sensitivity to various parameters.  Low-flow condition modeling is 

summarized in Section 9.8.   

 
 

9.2 MODEL CONFIGURATION 

 

The QUAL-TX model was set up to simulate temperature, flow, velocity, depth, chloride, ON, 

NH3-N, NO2/ NO3-N, CBODu, DO, SOD, TP, chlorophyll-a, and macrophytes.  The data used to 

build the model input files are organized by Data Type Blocks, numbered 1 to 31.  

 

The following table summarizes the configuration.  

 

Water 
Bodies 

Reaches Headwaters Computational 
Elements 

Point 
Sources 

Tributaries Water body 
Tributary 
to: 

Long Prairie 
River 

24 1 431 6 6 Crow Wing 
River 

Eagle Creek 1 1 25 2 0 Long Prairie 
River 

Totals 25 2 456 8 6 -- 
 

The QUAL-TX model’s average reach length is 4 miles.  The longest reach is 12.5 miles and the 

shortest reach is 0.3 miles (Appendix F, Table F-1).  Each reach is sub-divided into internal 

computational elements of 0.1 to 0.5 miles in length.  The small computational element divisions 

allow for variation in water quality along the length of the reaches.  This level of detail is 

particularly important when assessing the Long Prairie River’s assimilative capacity downstream 

of point sources.  One modeled junction element joins the Long Prairie River main stem and the 

tributary Eagle Creek (Data Type 23).  

 

For the final model, a short dummy reach was added at the downstream end of the Long Prairie 

River to circumvent a minor QUAL-TX glitch that only occurs in the last reach of a model that 
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includes macrophytes.  The glitch causes spurious, extremely high photosynthetic productivity 

rates in the last reach of the model.   

 

The model reach relationships to the 1998 and 2002 TMDL reach numbering and the CWP reach 

divisions are presented in Appendix F, Table F-1.  Additional information about the model 

configuration is available in Appendix F, Table F-2. 

 

 

9.3 HYDRAULICS 

 

QUAL-TX uses five coefficients (Data Type 9) to define reach hydraulics, as follows:  

• Velocity (fps) = a Qb  

• Depth (ft) = c Qd + e 

in which Q is flow in cubic feet per second (cfs). 

 

The hydraulic coefficients were used to create plots of depth and velocity versus flow (Appendix 

F, Figures F-1; open symbols denote extrapolated low flow values, filled symbols denote gaged 

data).  In addition to the curves used by the model, these plots also show the synoptic survey 

stream gauging data, Todd SWCD data, USGS data, and the low-flow extrapolation values (see 

below).  Details on the various data sources used to estimate the hydraulic coefficients are 

summarized in Appendix F, Table F-3, and discussed below. 

 

 

9.3.1 Stream Flow Gauging 

 

Stream flows gauged during the synoptic surveys yielded sufficient data for a first estimate of the 

hydraulic coefficients using linear regression analysis of logarithmically scaled data: 

 

• Velocity versus flow yielded hydraulic coefficients a and b. 

9-3

• Depth versus flow yielded hydraulic coefficients c and d.  The hydraulic coefficient e was 

assumed to be zero.  
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When applicable, these plots were supplemented with additional data.  Sources of supplemental 

data included gauging records of the MPCA and Todd SWCD for various sites along Long Prairie 

River between April 1996 and February 2002, and USGS real-time provisional stage and discharge 

data for LPR 47.8 (Station: 05245100) collected between April 18, 2002 and June 7, 2002. 
 

 

9.3.2 Low-flow Extrapolation 

 

Critical water quality modeling conditions occur under low-flow scenarios.  Since low-flow 

gauging data were unavailable, Wenck calculated estimates of average depth and velocity for 

low-flow scenarios to further supplement the hydraulic coefficient plots.  For different low-flow 

depths, average bottom cross-sections were used to determine estimates of cross-sectional area 

and hydraulic radius.  Flow values were calculated using Manning’s equation and the 

documented average slopes (Appendix F, Table F-4).  
 

 

9.3.3 Dye Studies 

 

MPCA and Wenck conducted a total of eight dye studies along Long Prairie River (Appendix F, 

Table F-5).  Times of travel determined between dye injection and monitoring locations were 

used to refine the QUAL-TX hydraulic coefficients.  Model-calculated travel times were 

compared with the monitored travel times, and the velocity intercept value (hydraulic coefficient 

a) was adjusted to ensure that the difference between modeled and observed travel times was less 

than 10% for all dye studies (Appendix F, Table F-6).  

 

The final hydraulic coefficients used in the QUAL-TX model are summarized in Appendix F, 

Table F-7. 
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9.3.4 Carlos Reach Hydraulics 

 

The dye study completed in the Carlos reach (LPR 89.9 to 85.5) on August 5 - 6, 2002 gave 

evidence that the riparian wetland interacts with the main channel in this reach.  During the dye 

study, gauged flows were 112 cfs at LPR 89.9 and 105 cfs at LPR 83.1.  The average flow 

through the Carlos reach was therefore estimated to be 110 cfs, and it was considered that there 

was no significant inflow occurring within the Carlos reach during the dye study.  The observed 

travel time through the Carlos reach was 20 hours.  The travel time (expressed in seconds) 

multiplied by the average flow through the reach determined the reach’s total water volume at 

the time of the study as 7.9 x 106 cubic feet.  

 

Wenck, FTN, and Todd SWCD staff canoed the Carlos reach on August 5, 2002 to collect samples 

and measure DO at in-channel and off-channel locations, and to observe channel depths, among 

other purposes.  The observations of channel depth on August 5, 2002, combined with width 

measurements from aerial photos (refer to following table) gave an independent determination of 

the reach’s water volume (specifically within the channel) of 6.1 x 106 cubic feet.  

 

Model 
Reach 

River Mile 
Upstream 

River Mile 
Downstream 

Reach 
Length 
(mile)  

Field 
Observed 
Average 
Channel 

Depth (ft)

Aerial Photo 
Estimate of 

Average Reach 
Width (ft) 

Reach Channel 
Volume (millions of 

cubic feet) 
1 89.9 89.5 0.4 2.4 41.1 0.2 
2 89.5 87.5 2.0 4.6 45.1 2.2 
3 87.5 85.5 2.0 6.3 56.3 3.7 

     Total: 6.1 million cubic feet
 

Therefore, the channel volume fell short of the total volume by 23%.  Water depths in the Carlos 

reach’s riparian wetland were generally 1 to 2 feet on August 5, 2002.  The observed discrepancy 

between channel volume and total volume indicated that a substantial portion of the water in the 

riparian wetland was participating in the main flow of the river and was not simply “in storage.” 

 

The QUAL-TX model is not suited for modeling this type of hydraulic interaction.  In its final 

form, the model does not explicitly represent the hydraulic exchange between the wetland and 
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the Long Prairie River through the Carlos reach, but it does include some of the water quality 

effects of the wetland interaction.  Under flow regimes where the average depth at LPR 89.9 is 

greater than 0.85 ft, the Carlos reach has special model inputs, as described subsequently.  The 

average depth of 0.85 ft is estimated to be the critical depth where the Long Prairie River starts 

to interact with the Carlos reach wetland, based on water depths observed in the riparian wetland 

on August 5, 2002, and on the average depth at LPR 89.9 on that date.  The following table 

summarizes wetland interactions by event.  

 

Date or Condition 
Flow at LPR 

89.9 (cfs) 
Average Depth 
at LPR 89.9 (ft) 

Approximate 
Water Depth in 

Wetland (ft) 

Wetland 
Interacts With 
Main Channel 

August 5, 2002 112 2.35 1.5 Yes 
August 20, 2001 125 3.00 2.15 Yes 
August 24, 2001 133 3.20 2.35 Yes 
September 24, 2001 93.5 2.14 1.29 Yes 
February 8, 2002 51.1 0.97 0.12 No, frozen 
Summer 7Q10 0.6 0.10 0 No 
Spring 7Q10 1.9 0.20 0 No 
Winter 7Q10 0.4 0.08 0 No 
 

 

9.4 KINETIC RATES 

 

Kinetic rates or rate constants specified in the QUAL-TX model describe reaeration, 

photosynthetic productivity, SOD, CBODu decay, benthic nutrient release, mineralization of 

organic nitrogen, and nitrification.  

 

 

9.4.1 Reaeration Rates  

 

The model uses equations to estimate rates of reaeration, the exchange of oxygen between the 

atmosphere and the water column, from reach hydraulic data.  
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9.4.1.1 Selected Reaeration Equations 

 

After reviewing reaeration literature including O’Connor and Dobbins (1958) and Covar (1976), 

we selected two reaeration options (Data Type 12) for the final QUAL-TX model.  The main 

option is option 8:   

 

Ka = 86,400 * ca * U * S  

 

where Ka is the reaeration coefficient (day –1, at 20 C), 86,400 is the number of seconds in one 

day, ca is the escape coefficient (ca = 0.054 ft-1), S is the channel slope in ft/ft, and U is average 

velocity in feet per second.  (Because QUAL-TX requires inputs in a fixed format that limits the 

number of decimal places, slopes were multiplied by 10 for input, and ca/10 = 0.0054 ft-1 was 

input in place of ca.)  The equation used in option 8 is very generally valid and has been used 

successfully in modeling of Minnesota rivers in the past. 

 

Alternatively, reaeration option 1 (user specified) is used in a reach if the Tsivoglou and Wallace 

(1972) equation predicts a Ka value that is lower than the minimum Ka value for shallow-

gradient streams based on depth.  The following Hydroscience (1971) equation was used to 

determine this minimum value:  

   (Ka) min = 
H

 )(K minL  

where (KL)min is the minimum value of the oxygen transfer coefficient (ft/day), and  H is the 

average depth (ft).  Hydroscience (1971) reports (KL) min  2-3 ft/day, and we specified (K≈ L) min 

= 2.5 ft/day for the Long Prairie River model. 

 

 

9.4.1.2 Percent Ice Cover in February 

 

Ice cover on streams during winter low-flow conditions may significantly affect reaeration.  

Reaeration rates are decreased because ice cover reduces the area of the air-water interface 

through which reaeration occurs (TenEch, 1978).  Wenck’s field crew took pictures documenting 

9-7T:\0147\51\Phase III Rpt\Report\FinalReport.doc  



 

the percentage of ice cover on the Long Prairie River and its tributaries during the third synoptic 

survey completed in February 2002.  The modeled ice cover percentages by Long Prairie river 

mile are documented in Appendix F, Table F-8.  In order to account for the effect of ice cover on 

reaeration, we assumed that the reduction in the reaeration coefficient is directly proportional to 

the percent of ice cover.  

 

 

9.4.2 Photosynthetic Productivity 

 

Photosynthetic productivity rates in terms of oxygen (mg O2/L-day) were calculated from diurnal 

DO and temperature records using the “Delta Method” of DiToro and Chapra (1991).  The rates 

calculated in this way represent the photosynthesis of planktonic algae, attached algae, and 

macrophytes.  A summary of productivity is included in Section 7.2.2 and Appendix F, Table F-

9b.  For modeling purposes, the Delta Method gross productivity rates were initially reduced by 

5% to account for endogenous respiration.  The resulting net productivity rates served as a 

benchmark for the modeling of phytoplankton and macrophytes.  The net productivity rates were 

ultimately adjusted downward in the model calibration process.  

 

 

9.4.2.1 Phytoplankton 

 

Chlorophyll-a (Data Type 3 and 11) as used in the QUAL-TX model refers to planktonic algae. 

Observed chlorophyll-a concentrations during synoptic surveys 1 and 2 were very low 

(Appendix D, and Figure D-3).  Based on the observed chlorophyll-a and QUAL-TX default 

parameters, the phytoplankton accounted for less than 10% of the initially estimated net 

productivity throughout the Long Prairie River.  Therefore, algal growth was not explicitly 

simulated; rather, chlorophyll-a was specified, as monitored, in the initial condition cards (Data 

Type 11).  The bulk of the productivity was represented by macrophytes. 
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The QUAL-TX chlorophyll-a model settings (Data Type 3) are summarized in the following table. 

 

Parameter Units 
Default 
Value 

Final Modeled 
Value 

Net oxygen production mg O2/ µg chlorophyll-a / day 0.05 0.05 
Net nitrogen uptake mg N/ µg chlorophyll-a / day 0.0025 0.0025 

Net phosphorus uptake mg P/ µg chlorophyll-a / day 0.0002 0.0 
Nitrogen Preference Ranges from 1.0 (total NO3-N 

preference) to 0.0 (total NH3-N) 
1.0 0.7 

 

 

9.4.2.2 Macrophytes 

 

Macrophytes (Data Type 3 and 11) are rooted aquatic plants, and in the Long Prairie River 

during surveys 1 and 2, they accounted for nearly all of the net productivity in the oxygen 

balance.  The following table summarizes the dominant macrophytes observed in the Long 

Prairie River.   

 

Common 
Name Scientific Name Form 

Plant Biomass Die-off in 
October / November 

Wild rice Zizania aquatic emergent 100% 
Wild celery Vallisneria americana submergent 100% (down to the tuber) 
Canadian 

waterweed 
Elodea canadensis submergent 90% 

 

Wild rice grows mainly in riparian wetland areas, whereas the other two plants grow mainly 

within the channel.  Wild celery is dominant in the river’s upper reaches.  Canadian waterweed, 

which dominates in the lower reaches, is an evergreen perennial.  If conditions are favorable, it 

can form dense canopies at the water surface, which can lead to constant DO consumption by 

plant parts at depths with low light levels.  All three plants also provide a surface for periphyton 

(attached algae) and bacteria growth. 

 

As for phytoplankton, macrophyte growth was not explicitly modeled.  Instead, macrophytes 

were directly specified in the initial condition cards (Data Type 11) in units of density (mg/ft3).  

The modeled macrophyte density was actually a surrogate for net productivity.  Initially, 
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macrophyte densities were adjusted so that net productivity predicted by QUAL-TX using 

default kinetic parameters matched the Delta Method values throughout the river.  In the course 

of model calibration, the macrophyte densities were not altered, but the net oxygen production 

per unit of macrophyte biomass was adjusted downward from the default value initially assumed. 

 

During the model calibration, nutrient uptake rates were also adjusted downward from their 

default values.  Rooted river plants take up nutrients from both sediment and water, but the 

sediment is usually the more important source (Haslam, 1978).  Moreover, despite a difference in 

units of expression, the default QUAL-TX model settings for macrophytes, normalized to 

biomass rather than to chlorophyll-a, are numerically the same as for chlorophyll-a.   

 

The QUAL-TX macrophyte settings(Data Type 3) are summarized in the following table. 

 

Parameter Units 

Default 
Model 
Value 

Final 
Calibrated 

Value 
Net oxygen production  mg O2/ mg macrophyte / day 0.05 0.01 
Net nitrogen uptake  mg N/ mg macrophyte / day 0.0025 0.0005 
Net phosphorus uptake  mg P/ mg macrophyte / day 0.0002 0.00007 
Nitrogen preference  Ranges from 1.0 (total NO3-N 

preference) to 0.0 (total NH3-N) 1.0 0.7 
 

 

9.4.3 Sediment Kinetic Rates 

 

There are several kinetic rates that describe the sediment’s interaction with the water column.  

Sediment oxygen demand (SOD) removes DO from the water column.  On the other hand, 

bottom sediments can also be a source of water-column nutrients. 
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9.4.3.1 Sediment Oxygen Demand  

 

Studies have determined that different sediments take up DO from the water column at different 

rates.  Field notes document the sediments along the Long Prairie River and its tributaries as 

predominantly sandy.  The QUAL-TX model has SOD (Data Type 12) generally at a published 

value (Thomann and Mueller, 1987) for sandy sediments (0.5 g O2/m2-day at 20 C).  Model 

calibration required an elevated SOD (1.5 g O2/m2-day at 20 C), attributed to riparian wetland 

interactions, from 3.4 miles upstream to 17.3 miles downstream from the inflow of Dismal Creek 

(between LPR 76.7 and LPR 56.0).  The elevated SOD value is within published Midwestern 

stream SOD ranges summarized by Bowie et al. (1985) as follows: 

 

SOD (g O2/m2-day) Environment 
0.022 – 0.92 Upper Wisconsin River 

0.27 – 9.8 Northern Illinois rivers (89 Stations) 
0.10 – 5.30 (at 20 C) Eastern Michigan rivers (6 stations) 

 
The Carlos reach also required special consideration. 

 

9.4.3.2 Carlos Reach SOD 

 

As discussed in Section 9.3.4, the Carlos reach has unique hydraulic conditions that affect the 

water quality.  The following points are unique to the Carlos reach: 

 

• The wetland is hydraulically unusual. 

• Nothing in the in-stream water quality data (Appendix D) supports significant 

contaminant input to the reach from a point source. 

• DO depletion observed in the reach cannot be accounted for by incremental inflow 

(groundwater or runoff) or by point source inflow.  

 

An analysis of potential DO depletion from riparian wetland SOD in the Carlos reach is 

summarized in Appendix F, Table F-10.  The main idea of the analysis is that flow through the 

riparian wetland is subjected to a very large area (much larger than the channel area) in which 
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SOD can occur.  The Carlos reach consists of the first three QUAL-TX model reaches.  In each 

of these reaches, an estimated “active” riparian wetland area was calculated by multiplying half 

the average riparian wetland width by the Thalweg length for the reach.  SOD rates of 1.0, 3.0 

and 5.0 g O2/m2-day were then assumed for trial calculations.  These values are reasonable in 

light of the studies cited in Section 9.4.3.1.  The resulting total mass removal rates ranged from 

5.8 to 29 g O2/sec.  At a typical flow rate through the reach of 100 cfs (2.8 cubic meters/sec), 

these mass removal rates can account for combined DO losses of roughly 2 to 10 mg/L.  

Riparian wetland SOD thus provides a plausible cause for the observed DO sags in the Carlos 

reach.  Moreover, no other plausible cause presents itself.  It is noteworthy that MPCA 

investigators are speculating that headwater reaches of the Upper Mississippi and Ottertail 

Rivers also have low DO in the absence of anthropogenic sources.  

 

The effects of the riparian wetland SOD on the Carlos reach are modeled in QUAL-TX with a 

specified mass out-take of DO that corresponds to an SOD rate on the “active” riparian wetland 

area of 4.0 g O2/m2-day before temperature correction (i.e., at 20 C).  When this SOD rate is 

corrected for temperatures observed during the August and September 2001 calibration events, 

the corresponding mass out-take of DO in the QUAL-TX model consistently reproduces the 

observed DO responses in the Carlos reach.  This mass out-take of DO is implemented only for 

flow regimes under which the wetland-channel interaction is considered to occur. 

 

 

9.4.3.3 Upper River Benthic Nutrient Sources  

 

Monitoring data from the synoptic surveys indicated that the Carlos reach plus the next five 

reaches were exporting phosphorus.  This is especially evident from the mass loading plots 

(Appendix F, Figure F-2).  These reaches were considered to be nutrient sources under 

conditions where the water depth in the Carlos reach allows exchange with the riparian wetland.  

In the August and September 2001 calibration event models, the first eight reaches had benthic 

sources of TP and NH3-N at 2.0 and 1.0 mg/sq ft-day respectively.  
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9.4.4 Ultimate Carbonaceous BOD  

 

Biochemical oxygen demand (BOD) was specified in the QUAL-TX model program constants 

(Data Type 3) as ultimate carbonaceous BOD (CBODu).  This is important to keep in mind when 

comparing the TMDL loadings and model results to other studies, which typically report only 5-

day values (CBOD5).   

 

 

9.4.4.1 CBODu Ratios to CBOD5 and CBOD20 

 

Values of CBODu were estimated from monitored CBOD5 and 20-day (CBOD20) data.  The 

water quality data collected during Phase II included CBOD5 analyses for all samples, plus 

CBOD20 analyses for all Long Prairie River and tributary samples in surveys 1 and 2 (August 

and September 2001), three discharging point sources during survey 2, and two stream samples 

in survey 3 (February 2002).  In addition, three stream samples each from surveys 1 and 2 were 

analyzed for CBODu directly (using very large initial sample volumes and very long testing 

periods) at the Metropolitan Council Environmental Services laboratory.  However, the three 

directly measured CBODu values for survey 2 were substantially smaller than the corresponding 

CBOD20 values (from 7 to 62% smaller).  Although the survey 1 data did not show discrepancies 

similar to those shown by the survey 2 data, we decided to set aside the directly measured 

CBODu values from both surveys and to base further analysis only on the CBOD5 and CBOD20 

data.  Profiles of CBOD5 and CBOD20 by Long Prairie river mile for synoptic surveys 1-3 are 

presented in Appendix D (Figures D-2a through D-2c). 

 

In order to estimate CBODu from the monitored CBOD5 and CBOD20 values, it was necessary to 

invoke a lag time.  This is because the first-order decay model for CBOD places a theoretical 

lower limit on the ratio of CBOD5 / CBOD20.  For very large values of the CBOD decay rate 

constant Kd, this ratio approaches 1; but for very small Kd, the ratio does not approach 0, but 

instead approaches 0.25.  According to the first-order decay model: 
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and application of L′ Hopital’s rule to the right-hand side of this equation yields the above-stated 

result that CBOD5 / CBOD20 approaches 5/20, or 0.25, in the limit as Kd → 0.  If a lag time tL is 

assumed (tL = 1, 2, 3, or 4 days), then the limiting value of the ratio CBOD5 / CBOD20 becomes 

(5 – tL) / (20 – tL).  Numerical values of this lower limit are as follows: 

 

Lag Time tL 
(days) 

 Lower Limit of Ratio 
CBOD5 / CBOD20

1  0.211 

2  0.167 

3  0.118 

4  0.063 

 

Nearly all of the CBOD5 analyses from surveys 1 and 2 were reported as non-detections (< 2 

mg/L in most cases), and in each of these cases the CBOD5 value was set equal to one half the 

reported detection limit for purposes of analysis.  After excluding samples from surveys 1 and 2 

which also had non-detections reported for 20-day CBOD values, the ratios of CBOD5 / CBOD20 

were less than 0.25 for eight of 17 samples in survey 1, and 17 of 18 samples in survey 2.  (For 

survey 2, even if CBOD5 values were set equal to the detection limit rather than half the 

detection limit, the ratios were less than 0.25 for 15 of 18 samples.) The average ratio was 0.391 

for survey 1 and 0.123 for survey 2.  

 

The CBOD5 and CBOD20 data for surveys 1 and 2 were reconciled with a single-valued decay 

rate constant by invoking time lags of 1 day for survey 1 and 4 days for survey 2.  The value of 

the decay rate constant Kd is 0.104 day-1 (20 C).  The ratio of CBODu / CBOD20 is accordingly 

1.16 for survey 1 and 1.23 for survey 2.  The corresponding ratios of CBODu / CBOD5 are 2.94 

and 10.1, respectively.  In general, CBOD5 and CBOD20 data will yield somewhat different 

estimates of CBODu; estimates based on 20-day values, wherever available, are preferable.  The 

20-day ratios were applied to the monitored CBOD20 data to give estimated CBODu values for 

survey 1 and 2 stream samples used for QUAL-TX calibration (Appendix F, Table F-11). 
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Time lags were also invoked for discharges SD-002 and SD-001 of the Long Prairie WWTF and 

for the Long Prairie Superfund site discharge.  Long Prairie SD-002 had a CBOD5 / CBOD20 

ratio of 0.25, which was accommodated by a 2-day lag and a Kd value of 0.060 day-1 (20 C).  A 

CBODu / CBOD5 ratio of 6.1 corresponds to these parameters.  For the September 2001 

calibration event, the combined Long Prairie discharges SD-001 and SD-003 had a CBODu / 

CBOD5 ratio of 10.5 (3-day lag and Kd = 0.050 day-1 [20 C] for CBOD5 / CBOD20 ratio of 

0.167).  For 7Q10 scenarios, Long Prairie discharge SD-001 used a CBODu / CBOD5 ratio of 

8.3, equal to the average of 6.1 (ratio for discharge SD-002) and 10.5 (ratio for discharges SD-

001 and SD-003 combined).  The Long Prairie Superfund site discharge used a 3-day lag time 

with Kd = 0.081 day-1 (20 C), equivalent to a CBODu / CBOD5 ratio of 8.9. 

 
For the new (currently under construction) discharge SD-003 of the Long Prairie WWTF, and for 

the Carlos, Browerville, Eagle Bend, and Clarissa WWTFs, a typical CBODu / CBOD5 ratio 

equal to 2.84 (Thomann and Mueller 1987, page 273) was assumed.   

 
For modeling of winter conditions during survey 3 (February 2002), CBODu model results were 

compared directly with the two stream sample results for CBOD20. 

 

 

9.4.4.2 CBODu Decay Rate 

 

For all modeled reaches the CBODu decay rate (Data Type 12) was 0.104 day-1 (20 C).  This is 

the Kd value derived in Section 9.4.4.1, and it is consistent with published values for comparable 

natural streams (Bowie et al., 1985).  It is recognized that in-stream CBODu decay rates are often 

greater than the so-called “bottle rates” used, for example, to convert CBOD20 to CBODu.  

However, in simulations with higher Kd values, extremely high CBODu concentrations were 

needed in the incremental inflow (combination of groundwater and runoff) to maintain the 

generally flat longitudinal in-stream CBODu profile that was observed in the Long Prairie River.  

In the end, since the correct in-stream Kd appeared to be in the vicinity of the bottle rate, the 

bottle rate was simply adopted as the in-stream value. 
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For this modeling analysis, we assumed that there was no settling of CBODu and neglected the 

effects of anaerobic BOD decay. 

 

 

9.4.5 Nitrogen Kinetic Rates  

 

Mineralization of organic nitrogen (transformation of ON to NH3-N) and nitrification 

(transformation of NH3-N to NO3-N) are included in the QUAL-TX model.  Not included were 

settling of ON and in-stream denitrification (transformation of NO3-N to N2 gas, which usually 

occurs only under anaerobic conditions). 

 

 

9.4.5.1 Mineralization  

 

The modeled ON mineralization rate is 0.03 day-1 (20 C) for all reaches.  

 

 

9.4.5.2 Nitrification  

 

During synoptic survey 2 (September 2001), the Long Prairie WWTF discharged a sufficiently 

large ammonia load that the NH3-N and NO2/ NO3-N mass loading plots clearly illustrate the 

effects of nitrification (Appendix F, Figure F-2).  A nitrification rate of 1.02 day-1 (20 C) was 

determined from a linear regression analysis of the logarithm of in-stream NH3-N mass loading 

versus travel time downstream from the Long Prairie WWTF (Appendix F, Figure F-3).  This 

rate is used in all model reaches downstream of the Long Prairie WWTF.  Nitrification rates 

greater than 1 day-1 are not uncommon in smaller streams (Thomann and Mueller, 1987).  

Upstream of the WWTF, a nitrification rate of 0.80 day-1 (20 C) is used in the model.  Both of 

these rates are reasonable when compared to published values (Bowie et al., 1985).   

 

9-16T:\0147\51\Phase III Rpt\Report\FinalReport.doc  



 

9.4.6 Temperature Corrections for Kinetics 

 

The following default temperature correction factors are used in the model: 

 

• Correction for reaeration  computed (  1.021 at 20 C) ≈

• Correction for BOD Decay  1.047 

• Correction for SOD   1.074 

• Correction for Organic N decay 1.047 

• Correction for Ammonia N decay 1.083 

 

 

9.5 BOUNDARY AND INITIAL CONDITIONS 

 

The QUAL-TX model requires that concentrations be specified for headwaters, tributaries, point 

sources, and initial conditions for the water quality parameters noted with an “X” in the 

following table. 

 

Parameter 
Headwater

s 
Tributarie

s 
Point 

Sources 
Initial 

Conditions 
Flow (cfs) X X X --- 
Temperature (C) X X X X 
Chloride (mg/L) X X X --- 
DO (mg/L) X X X X 
CBODu  (mg/L) X X X --- 
ON (mg/L) X X X --- 
NH3-N (mg/L) X X X X 
NO2/ NO3-N (mg/L) X X X X 
TP (mg/L) X X X X 
Chlorophyll-a (ug/L) X X X X 
Macrophytes 
(mg/ft3) 

--- --- --- X 
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9.5.1 Headwaters and Tributaries 

 

Event-specific water quality boundary conditions are defined for headwaters (Data Type 20-22) 

and tributaries (Data Type 24-26) as monitored in the August and September calibration events 

(Appendix F, Table F-12).   

 

In the August calibration event, Turtle, Morgan, and Fish Trap Creeks had measurable flow rates 

and were modeled as inflows.  Under the September calibration event conditions, the 

contributing tributaries were Spruce, Turtle, Morgan, and Fish Trap Creeks.  In February, all 

tributaries were frozen.  

 

 

9.5.2 Point Source Inputs 

 

Point sources inflows are also described in the same model block (Data Type 24-26) as the 

tributaries.  Point source inflows are modeled as monitored in the September calibration event 

(Appendix F, Table F-13).  Under the September calibration event conditions, the point source 

discharges were Long Prairie Superfund, Long Prairie WWTF and Eagle Bend WWTF.  In the 

August and February calibration events, the point sources were not discharging.  

 

 

9.5.3 Initial Conditions 

 

Each reach in the model requires initial condition cards (Data Type 11).  The QUAL-TX model uses 

initial conditions to start iterations toward the final solution.  Initial conditions also directly specify 

in-stream temperature, chlorophyll-a concentrations, and macropyte densities in the Long Prairie 

River model.  Initial conditions are specified as the arithmetic average by reach of monitored values 

during the monitoring periods.  Non-detect values were assumed to be half the detection limit for the 

calculations of arithmetic averages by reach.  The initial condition parameters were assumed to be 

that of the upstream reach where there were no data collected for a particular reach.  
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River profiles of the initial conditions are plotted and tabulated in Appendix D, Figures D-1 

through D-3, and discussed in Section 7.0.  

 

 

9.6 NON-POINT SOURCE INPUTS 

 

Modeled non-point source (NPS) inputs represent all inflows that are not accounted for by 

tributary inflows or point source discharges, plus benthic nutrient sources and SOD.  NPS 

inflows are modeled using the incremental inflow block.  The incremental inflow block of the 

QUAL-TX model represents groundwater and runoff inflows.  Published historical groundwater 

discharge rates and stream gauging data both aid in the estimation of groundwater discharge to 

the Long Prairie River. 

 

 

9.6.1 Published Historical Groundwater Discharge Rates 

 

Two USGS papers provide historical data on groundwater discharge to the Long Prairie River: 

 

• Myette et al. (1984) reports groundwater discharge rates of 0.85 and 1.3 cfs per river mile in 

1978 and 1979, respectively, along the lower reaches (Todd County portion).   

• Base-flow stream gauging data in McBride (1975) imply a groundwater discharge rate of 0.6 

cfs per river mile during October 1-2, 1973 along the upper reaches (Douglas County 

portion). 

 

 

9.6.2 Calculated Incremental Inflows for Monitoring Periods 

 

The incremental inflows to the river for the synoptic surveys were determined by fitting a 

uniform inflow rate for each survey to stream flows gauged by Wenck and the USGS (Appendix 

F, Figures F-4).  The incremental inflows are summarized by model run in the following table.  

The splitting of inflows between groundwater and runoff is described below.  
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Incremental 
Inflow 

(cfs/RM) 

Groundwater 
Inflow 

(cfs/RM) 
Runoff Inflow 

(cfs/RM) 
August 2001 0.64 0.64 0 
September 2001 1.18 0.64 0.54 
February 2002 1.59 0.64 0.95 

 

Based on antecedent moisture conditions, incremental inflow during the August 2001 synoptic 

survey was considered groundwater inflow only.  No precipitation occurred during any of the 

three synoptic surveys.  However, precipitation totals for the 20-day periods preceding surveys 1 

and 2 were 0.22 and 2.27, respectively (Appendix F, Table F-14).  In light of the very dry 

conditions preceding the August survey (Appendix F, Figure F-5a), it is reasonable to identify all 

of the incremental inflow as groundwater at that time.  The closeness in time of the three surveys 

also makes it reasonable to assume that the groundwater inflow rate is the same for all three.  

And, the much higher precipitation antecedent to survey 2 justifies the expectation that the 

incremental inflow during survey 2 should include runoff in addition to groundwater discharge 

(Appendix F, Figure F-5b). 

 

The February 2002 synoptic survey had virtually no precipitation during the preceding month 

(Appendix F, Figure F-5c).  However, temperatures well above freezing occurred during this 

survey and about half of the days in the preceding month (Appendix F, Table F-14).  

Consequently, the incremental inflow during survey 3 included snow- and ice-melt in addition to 

groundwater. 

 

For further reference, continuous rainfall data and USGS observed flow rates are plotted in 

Appendix B, Figure B-1f, and a detailed breakdown of the incremental inflows appears in 

Appendix F, Table F-15.  
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9.6.3 Water Quality of Incremental Inflows 

 

In addition to August 2001, the summer 7Q10 and winter 7Q10 scenarios have incremental inflows 

that consist only of groundwater.  For the September 2001, February 2002, and spring 7Q10 

scenarios, the incremental inflows represent a combination of groundwater and runoff.  The QUAL-

TX incremental inflow block defines the water quality parameters for the flow-weighted averages (if 

applicable) of groundwater and runoff inflows.  As summarized below, some parameters were 

modeled as the mean of groundwater quality data published by USGS, EPA STORET, Todd SWCD, 

Myette et al. (1984), McBride (1975), and Anderson (1989) (Appendix F, Table F-16), while other 

parameters were adjusted during the calibration to reflect event-specific conditions. 

 

  Calibrated Incremental Inflow Block (Data Types 16-18) 
Water 
Quality 
Parameters 

Mean of 
Published 

Groundwater 
Data  

August 2001 
(groundwater 

inflow) 

September 2001 
(groundwater-

runoff 
combination) 

February 2002  
(groundwater-

runoff 
combination) 

  Value Reaches Value Reaches Value Reaches 
Incremental 
Inflow 
(cfs/RM) 

0.92 0.64 1-25 1.18 1-25 1.59 1-25 

9.15 1-13;15-25 Temperature 
(C) 9.15 9.15 1-25 7.5 14 9.15 1-25 

Chloride 
(mg/L) 15.75 15.75 1-25 15.75 1-25 15.75 1-25 

DO (mg/L) 1.6 1.6 1-25 3.3 1-25 1.6 1-25 
122 1-3 CBODu  

(mg/L) --- 17.0 1-25 25.0 4-25 11.5 1-25 

0.3 1-11;14 0.3 1-11;14 ON (mg/L) 
0.2 

1.2 12-13;15-
25 1.4 12-13;15-

25 
0.3 1-25 

0.19 1-10;20-25NH3-N 
(mg/L) 0.38 0.19 1-25 0.19 1-25 0.35 11-19 

0.8 1-10;20-25 0.8 1-10;20-25 0.8 1-10;20-25NO2/ NO3-N 
(mg/L) 5.2 1.8 11-19 1.8 11-19 3.0 11-19 
TP (mg/L) 0.05 0.08 1-25 0.08 1-25 0.028 1-25 
Chlorophyll
-a (ug/L) --- 0 1-25 0 1-25 0 1-25 
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For groundwater and runoff inflows, temperature and chloride were modeled as the mean of 

published groundwater water quality data.  In the September event, the incremental inflow 

temperature was lowered for Eagle Creek (model reach 14) to match the monitored in-stream 

temperature.  Incremental inflow of chlorophyll-a was set to zero for all modeling events. 

 

To determine groundwater quality inputs, all groundwater quality inputs were initially set to the 

mean of published groundwater quality data.  These values were modified, as necessary, within 

the range of the published data, to calibrate the August 2001 groundwater inflows to monitored 

in-stream values.  For CBODu, a groundwater mean of 16 mg/L and range of 3.7 to 35 mg/L 

were estimated from published dissolved organic carbon (DOC) data and CBODu/DOC ratios of 

2.7 (Thomann and Mueller, 1987) and 3.5 (Snoeyink and Jenkins, 1980).  The calibrated August 

2001 incremental inflow parameters summarized above represent groundwater quality for all 

model runs except for ON in February 2002 (assumed to be 0.3 mg/L for all reaches rather than 

being reach-variable). 

 

The September 2001 and February 2002 calibrations implicitly defined the water quality of 

runoff inflows.  The implied runoff concentrations of CBODu, ON, NH3-N, NO2/NO3-N, TP are 

shown in Appendix F, Table F-17.  This table also shows the spring 7Q10 scenario’s runoff 

water quality, which is based on the September 2001 results.  (For CBODu, however, runoff 

concentrations were unusually high in September 2001 in the Carlos reach because of riparian 

wetland effects, but these effects were not reflected in the spring 7Q10 inputs.)  For September 

2001 and the spring 7Q10 scenario, runoff DO concentrations were set equal to one half the 

saturation value corresponding to the in-stream temperature (APHA, 1998); the resulting runoff 

DO concentrations were 5.4 and 5.0 mg/L, respectively. 
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9.7 MODEL CALIBRATION, VERIFICATION, AND SENSITIVITY 

 

The QUAL-TX model was calibrated using data from the three synoptic surveys, then verified 

using Todd SWCD monitoring data spanning several years.  The model’s sensitivity to key 

inputs was also quantified. 

 

 

9.7.1 Model Calibration 

 

The QUAL-TX model was calibrated to the water quality data collected during the synoptic 

surveys using a combination of visual best fit and error minimization techniques.  Best 

professional judgment was used as parameters were adjusted to the final calibrated values.  

 

The general calibration procedure was as follows.  First, the hydraulic calibration was completed 

to match time of travel and depth measurements.  Next, reaeration rates were specified, and 

calibration of nutrients and BOD was undertaken.  Where necessary, decay rates were adjusted 

to fit the model predictions to in-stream field data.  As the last step, photosynthetic productivity 

and sediment oxygen demand were balanced. 

 

The calibration goals were reasonably met both numerically and graphically across three 

different calibration events.  Plots of model-predicted and observed water quality are presented 

in Appendix F, Figures F-6.  Detailed tables of observed water quality values, model predicted 

values, and percent differences by river mile are presented for each calibration period in 

Appendix F, Table F-18.  The following summary of average percent differences was calculated 

using the detailed reach-by-reach comparisons.  The high percentage differences occurring in 

some cases for TP and NH3-N resulted because these parameters were close to their detection 

limits, so that small concentration differences corresponded to large percentage differences. 
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Average 
Calibration 
Tolerance 

Detailed Reach 
Summary in 
Appendix F, 

Table: 

Proposed 
Model 

Calibration 
Tolerance 

August 
Model 

Calibration 

September 
Model 

Calibration 

February 
Model 

Calibration 

Flow  F-22 10% -1% 1% 0% 
Sediment Loads (a) --- 25% --- --- --- 
DO F-19 25% -6% -8% -3% 
BOD (b) F-19 25% 11% 10% 0% 
TP (c) F-19 25% -19% 64% 31% 
NH3-N (b), (c) F-19 20% -58% 84% 4% 
NO2/NO3-N (c) F-19 50% -4% 7% 3% 
Chlorophyll-a (d) F-19 100% 0% 0% --- 

(a) Sediment loads not modeled in QUAL-TX model. 
(b) Measurements below the detection limit excluded from average. 
(c) Relatively small variations in modeled concentrations (0.10 mg/L or less) result in large 

percent differences (100% or greater) because the monitored concentrations are very 
small.   

(d) Chlorophyll-a not explicitly modeled. 
 

Nearly all of the monitored DO samples available for calibration were grab samples.  In order to 

remove the time-of-day bias from the grab sample data and account for the daily fluctuations in 

DO, continuous DO measurements obtained at a few sampling locations were used to define 

diurnal DO ranges and time-of-day correlations with respect to these ranges.  The model- 

predicted versus observed DO plots were then supplemented to display the diurnal variability 

superimposed on the grab sample data (Appendix F, Figures F-6).  The diurnal variability at 

locations with grab samples was based on the time of day the grab sample was taken, and DO 

data from the nearest continuous DO monitoring location.  The August and September plots 

reflect the DO diurnal ranges summarized below (Appendix F, Table F-9a).  It was assumed that 

under winter conditions the DO diurnal variation is negligible. 

 

 Monitored during: August 22-23, 2001 September 22-23, 2001 

TMDL Site ID Site description 
Average DO diurnal 

range (mg/L) 
Average DO diurnal 

range (mg/L) 
LPR 85.5 County Highway HWY 

65 
2.8 2.7 

LPR 21.1 Oak Ridge Road 2.5 --- 
LPR 18.2 400th Street bridge --- 2.8 
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The model properly predicts the DO violation in the Carlos reach attributed to the unique 

wetland hydraulics and modeled by a mass removal of oxygen in August and September, and an 

elevated incremental loading of CBODu in September.   

 

Downstream from the Long Prairie WWTF discharge, model-predicted NH3-N was higher than 

monitored in the September calibration event.  It appears that nutrient uptake by macrophytes is 

greater in this part of the river (lower river in general), but QUAL-TX does not allow for reach-

variable macrophyte nutrient uptake without modeling macrophytes explicitly.  Several different 

scenarios were tried that provided better matches of model-predicted NH3-N downstream of the 

Long Prairie WWTF in September, but the model predictions for August and February under 

these scenarios were much worse.  The final calibration of nitrogen is a reasonable 

representation of the average conditions, with the best average fit between modeled results and 

monitored data. 

 
9.7.2 Model Verification 

 

The QUAL-TX model was validated with monitoring data independently collected by Todd 

SWCD between 1996-2002.  The goal of the validation was to substantiate the model’s 

predictive power under environmental conditions generally similar to those under which the 

model was calibrated, but using independent data.  For validation of the August 2001 and 

September 2001 models, the Todd SWCD data were filtered according to the following flow, 

season, and point discharge criteria:  

 

Data Criterion August 2001 Model September 2001 Model 
Upper Flow Limit (cfs) 400 400 

Periods Included: July – August Fall & Spring discharge periods 
Jul–Aug, 99(a) --- Exclusions due to emergency 

discharge: Jul, 01(b) --- 
 (a) Emergency discharge: Eagle Bend WWTF 
(b) Emergency discharges: Eagle Bend and Clarissa WWTFs 
 

9-25T:\0147\51\Phase III Rpt\Report\FinalReport.doc  



 

Note that not every sample in the validation data set has an associated flow measurement.  

Although some samples lacking a flow measurement could in fact violate the above flow 

criterion, such samples were not excluded from the validation data set if they met the other 

criteria.   

 

River profile validation plots for discharge, temperature, DO, TP, ON, NH3-N, NO3/NO2-N, 

CBODu, and chlorophyll-a for the August and September models are provided in Appendix F, 

Figures F-7 and F-8, respectively.  These figures present the filtered validation data collected by 

Todd SWCD, the synoptic survey data collect by Wenck, and the model calibration results.  

Under warm-season conditions both with and without point source discharges, water quality 

predicted by the Long Prairie River QUAL-TX model, as calibrated for August and September 

2001, fits well within observed ranges. 

 

For the August comparison of modeled versus observed DO (Appendix F, Figure F-7), a number 

of observed data points are well below the model predictions and below 5 mg/L.  Most of these 

points are from one specific month and year.  Although similar data from other periods were 

excluded due to known emergency discharges, the DMRs for this period show no such 

discharges.  There seems to be no ready explanation for this discrepancy. 

 

9.7.3 Model Sensitivity 

 

To evaluate the sensitivity of model predictions to changes in model variables, the sensitivity 

analysis block of QUAL-TX executes the model in succession, changing one of 15 input 

parameters at a time by specified percentages.  The resulting percentage variations are then 

calculated for the six state variables DO, CBODu, ON, NH3-N, NO2/NO3-N, and TP.   

 

The August calibration event Model File was selected for sensitivity analysis.  Summarized 

below are the values of the six state variables, averaged over the whole Long Prairie River, as 

predicted by the August 2001 model: 
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 DO CBODu ON NH3-
N 

NO2/NO3 –
N 

TP 

Average Value (mg/L) 7.31 5.41 0.56 0.013 0.16 0.045 
 

Variations of + 25% / -25% were specified for the input parameters.  The following table 

summarizes the resulting state-variable variations, averaged over the river and expressed as a 

percentage of the above overall average state-variable values.  Percent variation in the table is 

bolded if its absolute value is greater than 10%, and gray shaded in addition if greater than 20%.  

A detailed summary of averages and percent variations is presented in Appendix F, Table F-20. 

 

  Percent Variations 

QUAL-TX Input Parameter 
QUAL-TX 

CODE Word DO CBODu ON NH3-N 
NO2/ 

NO3-N TP 

Stream Velocity VELOCITY -1% 10% 4% 27% 22% -17% 
Stream Depth DEPTH 3% 0% 0% -10% -5% -37% 
Stream Reaeration REAERATI 5% 0% 0% -2% 0% 0% 
CBODu Aerobic Decay Rate BOD DECA -1% -10% 0% 0% 0% 0% 
NH3-N Decay Rate NH3 DECA 0% 0% 0% -33% 2% 36% 
ON Decay Rate ORGN DEC 0% 0% -4% 31% 11% 0% 
Background NH3-N Benthos Source Rate NH3 SRCE 0% 0% 0% 8% 5% 0% 
Background SOD BENTHAL -3% 0% 0% 1% 0% 0% 
Initial Chlorophyll-a CHLOR A 0% 0% 0% -2% -2% 0% 
Initial Macrophytes MACRO 3% 0% 0% -30% -36% -19% 
Incremental Inflow INC INFL -1% 7% -1% 17% 25% 1% 
Incremental CBODu INC BOD -1% 11% 0% 0% 0% 0% 
Incremental NH3-N INC NH3 0% 0% 0% 24% 4% 0% 
Incremental NO2/NO3-N INC NO3 0% 0% 0% 0% 28% 0% 
Incremental ON INC ORGN 0% 0% 3% 3% 0% 0% 
 

Changes of 25% in reaeration created the largest change (5%) in DO, which was relatively 

insensitive to other inputs.  Nutrient concentrations were the most sensitive state variables, with 

sensitivities in several cases exceeding 25% in absolute value. 

 

 

9-27T:\0147\51\Phase III Rpt\Report\FinalReport.doc  



 

9.8 CRITICAL CONDITION PROJECTIONS  

 

The calibrated and verified QUAL-TX model was used to evaluate summer, spring, and winter 

7Q10 critical conditions.  Minnesota’s water quality standards specify the 7Q10 as the critical 

condition for evaluating the effects of point source discharges on DO.  Although non-point 

sources exert their greatest water quality impacts in general at high flow, this is not the case for 

DO because of increased turbulence and reaeration at high flow.  Therefore, the 7Q10 is the 

appropriate critical condition for a DO TMDL.  Minnesota’s water quality standards for DO, as 

set forth in Minnesota Rules, Chapter 7050, specify the 7Q10 as the critical condition in 

recognition of the above. 

 

The summer season 7Q10 condition was evaluated because it is the most extreme in terms of 

both low flow and high temperature.  The Spring season 7Q10 was considered to address 

seasonal effects, especially the seasonal variation of NH3-N concentrations in municipal 

stabilization ponds.  The winter season 7Q10 was evaluated because of observed winter DO 

violations and the limitation of reaeration by ice cover. 

 

 

9.8.1 7Q10 Model Setup 

 

The 7Q10 models for summer and spring were based on the calibrated August 2001 model, and 

the winter 7Q10 model was based on the calibrated February 2002 model.  Various input 

parameters had to be modified as discussed below. 
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9.8.1.1 General Model Features 

 

Stream flow rates and temperatures for the 7Q10 events were modeled as shown below.  Summer 

7Q10 conditions were used for evaluating both continuous, year-round discharges and fall 

seasonal discharges.  Since the fall discharge period begins September 1, early-fall discharges 

can be subject to in-stream flows and water temperatures typical of summer conditions.  
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Temperatures from the following table were assumed constant for all reaches and tributary 

inflows. 

 

 Temperature 
(degrees C) 

7Q10 
Flow* 
(cfs) 

Incremental 
inflow 

(cfs/RM) 

Groundwater 
inflow (cfs/RM) 

Runoff 
inflow 

(cfs/RM) 
Summer 23 11.4 0.23 0.23 0 
Winter 0 6.9 0.16 0.16 0 
Spring 21 38.6 0.78 0.23 0.55 
 

* Flow at Long Prairie USGS gauge, apportioned by drainage area to tributaries (except 

in winter, when tributaries were assumed to be frozen and to have zero flow), with the 

balance apportioned by river mile along the main stem (Appendix F, Table F-21). 

 

For summer 7Q10 and winter 7Q10 conditions, all incremental inflow was considered to be 

groundwater discharge.  Groundwater inflow for spring 7Q10 conditions was assumed the same 

as for summer 7Q10, and the excess inflow for spring was attributed to runoff.  Details appear in 

Appendix F, Table F-15. 

 

As noted in Section 9.3.4, the Carlos reach riparian wetland is not expected to interact with the 

main channel under critical low-flow conditions.  For this reason, the following features of the 

August 2001 model were not included in the summer and spring 7Q10 scenario models:   

 

• The mass removal of oxygen representing SOD in the riparian wetland of the Carlos 

reach (uppermost three model reaches). 

• Benthic nutrient sources in the uppermost eight model reaches. 

• Elevated SOD between river miles 76.4 and 56.0 (model reaches 7-9). 

 

The February 2002 model already excluded these same features, so these features were also 

absent from the winter 7Q10 model. 
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The same equations and general approach for estimating reaeration were used for 7Q10 scenarios 

as for calibration.  The lower depths under 7Q10 conditions resulted in fewer reaches using 

reaeration option 8 (Tsivoglou and Wallace, 1972) and more reaches using the minimum Ka 

value for shallow-gradient streams based on depth (Hydroscience, 1971).  As for the calibration 

events, plots of model-predicted DO display the diurnal DO variability as a minimum and 

maximum.  The August 2001 diurnal DO ranges were assumed for the spring and summer 7Q10 

plots.  Diurnal variability of DO was not considered during the winter 7Q10.   
 

Initial conditions for the August calibration event were used for the summer and spring 7Q10 

model runs, while those for the February calibration were used for the winter 7Q10.  For the 

summer and spring 7Q10 runs, macrophyte densities were assumed unchanged from the August 

calibration event values.  Winter 7Q10 runs assumed no macrophytes, as for the February 2002 

calibration.  In addition, winter 7Q10 runs assumed the same percent ice cover as for February 

2002 (Appendix F, Table F-8).  
 

For headwater and tributary inflows, DO was modeled at saturation (based on in-stream 

temperature), chlorophyll-a was assumed zero, and CBODu, nitrogen species and TP were 

modeled as seasonal averages (Appendix F, Table F-12).  
 

 

9.8.1.2 Point Source Inputs 
 

Model inputs for existing point sources are summarized in Appendix F, Table F-13.  The 

existing point sources are the Carlos, Long Prairie, Browerville, Eagle Bend, and Clarissa 

WWTFs, and the Long Prairie Superfund site. 
 

The Long Prairie WWTF currently consists of three systems: one industrial disposal system (SD-

001), one combined domestic-industrial disposal system (SD-002), and one domestic disposal 

system (SD-003).  Discharge from SD-002 enters the Long Prairie River at LPR 46.6, while SD-

001 and SD-003 discharges combine in one outfall that enters the Long Prairie River at LPR 

44.9.  A new continuous-discharge mechanical plant is being built for domestic wastewater and 

will replace the current SD003 pond discharge upon completion.  The new mechanical plant is 
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expected to have a dry weather design flow of 0.566 million gallons per day (MGD).  Critical-

condition modeling of existing point sources actually assumed the near-future plant 

configuration for Long Prairie that will follow completion of the new mechanical plant. 
 

Flow for the Long Prairie Superfund site is based on the remediation system operation manual.  

Pumped groundwater is discharged from the Superfund site at approximately 300 gallons per 

minute (0.67 cfs), and this rate was assumed constant.   
 

Except for Long Prairie’s new mechanical plant and the Long Prairie Superfund site, existing 

point source discharge rates were based on a maximum drawdown rate of 6 inches/day from the 

secondary treatment ponds.  Existing point source flow rates are as follows: 
 

 

Secondary 
Treatment 
Pond Area  

Maximum Discharge 
Rate  

Point Source (acres) (MGD) (cfs) 
Carlos  4.8 0.78 1.21 
LP Superfund n/a 0.43 0.67 
LP SD-002 10.7 1.74 2.70 
LP SD-001 5.67 0.92 1.43 
LP SD-003 n/a 0.57 0.88 
Browerville  24.4 4.00 6.16 
Eagle Bend 4.0 0.65 1.01 
Clarissa 5.64 0.92 1.42 

 

Existing water quality for point sources was mainly based on discharge monitoring report 

(DMR) data as follows:  

 

• Temperature: Modeled as ambient in-stream values. 

• DO:  Average DMR values for Long Prairie WWTF discharges, saturation for others. 

• CBODu:  Average DMR values.  

• Nitrogen and phosphorus constituents:  Average DMR values where available, based on 

MPCA (1992) for others.   

• Chlorophyll-a: Assumed zero.    

• 7Q10 Water Quality Based Effluent Limits 
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Long Prairie River loading capacities were assessed with and without point source inflows for 

summer, spring, and winter 7Q10 critical conditions. Load reduction alternatives for summer and 

spring scenarios were required to meet in-stream water quality standards.  

 

 

9.8.1.3 Critical Conditions without Point Sources 

 

The critical-event model predictions without point source inflows are plotted in Appendix F, 

Figures F-9.  Model-predicted DO was above 5 mg/L throughout the river for summer, spring 

and winter 7Q10 scenarios without point source inflows.   

 

 

9.8.1.4 Critical Conditions with Point Sources and No Load Reductions 

 

With existing point sources discharging, model-predicted DO was below 5 mg/L (in violation of 

the DO standard) at multiple locations in the summer and spring 7Q10 scenarios.  The model 

results are plotted in Appendix F, Figures F-10.  In the DO figures, the locations of the point 

source inflows are indicated on the x-axis.  On both DO figures with point source inflows, jumps 

in the DO resulted from the assumption that the Browerville (LPR 36.1) and Eagle Creek (LPR 

33.6) inflows were at saturated DO.   

 

 

9.8.1.5 Ammonia Toxicity Limitations 

 

Ammonia toxicity was found to be limiting for the Carlos, Eagle Bend, and Clarissa WWTFs.  

Location-specific ammonia standards in terms of analytical NH3-N concentrations were found to 

be 1.34 mg/L at the Long Prairie River headwaters (for the Carlos WWTF) and 1.62 mg/L in 

Eagle Creek (for Eagle Bend and Clarissa).  These were derived from the 0.04-mg/L un-ionized 

ammonia standard using the following April-June median values of temperature and pH: 
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Based on existing effluent characteristics (Appendix F, Table F-13), the three WWTFs would 

cause ammonia toxicity under 30Q10 conditions.  At the 30Q10, the calculated in-stream NH3-N 

concentration below the Carlos WWTF, after mixing, was 1.54 mg/L, which exceeded the local 

standard of 1.34 mg/L.  The calculated mixed in-stream NH3-N concentration below the Eagle 

Bend WWTF was 4.42 mg/L, which exceeded the Eagle Creek local standard of 1.62 mg/L.  For 

the Clarissa WWTF, the in-stream mixed concentration was 1.69 mg/L with Eagle Bend also 

discharging, and 1.80 mg/L without Eagle Bend, in both cases exceeding the 1.62-mg/L local 

standard.  (Clarissa’s mixed concentration is lower with Eagle Bend’s discharge than without it 

because Eagle Bend’s discharge provides substantial dilution water, whereas its ammonia 

loading largely nitrifies before reaching Clarissa.) 

 

The following 30Q10 data were used in calculating the in-stream mixed concentrations: 

Monitoring Location Temperature, C pH 
LPR 89.9 12.1 8.15 

Eagle Creek 14.0 8.00 

Municipal WWTF Stream River Mile
Stream Flow 

(cfs) 
NH3-N    
(mg/L) 

Carlos Long Prairie River LPR 89.5 3.49 0.06 
Eagle Bend Eagle Creek EC 12.0 0.33 0.19 

Clarissa  (with E.B.) Eagle Creek EC 7.0 4.54 0.40 
Clarissa  (alone) Eagle Creek EC 7.0 3.53 0.19 

 

Ammonia toxicity can be prevented for the above facilities if their discharges are limited to 

periods when the in-stream flows are moderately increased.  In terms of flows at the model 

headwaters, the requisite in-stream minimum flows are as shown below. 

Municipal WWTF Stream 
Headwater 
River Mile

Stream Flow 
(cfs) 

Carlos Long Prairie River LPR 89.9 3.87 
Eagle Bend Eagle Creek EC 12.5 2.75 

Clarissa  Eagle Creek EC 12.5 2.75 
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The corresponding in-stream flow at the Carlos WWTF location, LPR 89.5, which is 0.4 mile 

below the model headwater, is 4.18 cfs (versus 3.49 cfs at the 30Q10).  The corresponding in-

stream flow at the Eagle Bend WWTF location is 2.95 cfs (versus 0.33 cfs at the 30Q10), and at 

the Clarissa WWTF it is 4.81 cfs (versus 4.54 cfs at the 30Q10).   

 

 

9.8.1.6 Point Source Load Reduction 

 

The reduced point source loads required to meet the Class 2B DO and un-ionized ammonia 

standards throughout the Long Prairie River are summarized in Appendix F, Table F-23.  DO 

and other water quality output plots reflecting the reduced point source loads are shown in 

Appendix F, Figures F-11, F-12, and F-13.  The required load reductions were determined as 

described below. 

 

To determine point source load reductions necessary for spring conditions, the 7Q10 flow regime 

was modified according to the table immediately above in Section 9.8.2.3 so as to allow the 

Carlos, Eagle Bend, and Clarissa WWTFs to discharge with existing effluent quality as 

permitted.  Under the modified 7Q10, no load reductions were required for these three municipal 

systems or for Long Prairie’s new domestic wastewater system (discharge SD-003).  The 

Browerville WWTF was initially also modeled with existing spring effluent quality and 

permitted flow rate, but the extremely high flow rate that its large secondary pond area allowed 

caused severe limitations on discharge from the upstream Long Prairie WWTF.  These 

limitations were unnecessary because the Browerville WWTF in fact does not discharge in the 

spring but only discharges in the fall.  Therefore, a nominal spring NH3-N limit of was placed on 

the Browerville WWTF that would allow Browerville to discharge half its annual wastewater 

volume in the spring in case of need.  The daily NH3-N load implied by the concentration limit 

(0.3 mg/L) and Browerville’s permitted flow rate (6.16 cfs) is the same as that corresponding to 

the estimated actual spring NH3-N concentration (5.8 mg/L) and a flow rate of 0.335 cfs, equal to 

half of Browerville’s 1999-2001 maximum annual wastewater volume discharged at a constant 

rate over 75 days.  Even with this accommodation, Long Prairie discharges SD-001 and SD-002 

(industrial wastewater systems) were found to require substantial NH3-N and CBODu load 
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reductions under the modified spring 7Q10.  However, the critical condition for Long Prairie 

discharges SD-001 and SD-002 was found to be summer low flow. 

 

The two treatment systems for Long Prairie discharges SD-001 and SD-002 were modeled as a 

combined system with a single discharge, designated SD-004, at the upstream location (that of 

existing discharge SD-002).  A mechanical system with continuous discharge was assumed, the 

flow rate being the sum of the two existing systems’ design flow rates (0.500 MGD) rather than 

the currently allowed seasonal maximum rates (2.67 MGD).  The effluent limits for Long Prairie 

discharge SD-004, as determined by summer critical low-flow conditions, are as follows: 

 

Characteristic Limit Units 
Flow 0.500 MGD 
Flow  0.77 cfs 
DO 6.0 mg/L 

CBODu 30. mg/L 
NH3-N 22.1 mg/L 

ON 2.0 mg/L 
NO2/NO3-N 94 mg/L 

 

In considering the load reductions for discharge SD-004, the baseline concentrations were the 

flow-weighted averages for discharges SD-001 and SD-002.  A reduction in CBODu was 

accompanied by a reduction in ON by approximately the same ratio.  In adjusting the nitrogen 

species, the total nitrogen concentration was held fixed.  Thus, a reduction in ON resulted in an 

increase in NH3-N, and a reduction in NH3-N resulted in an increase in NO2/NO3-N.  The large 

initial NH3-N concentration, together with the very high degree of nitrification that is required 

for this point source, resulted in the extremely high NO2/NO3-N in the effluent.   

 

For the summer 7Q10, Long Prairie discharge SD-004 was modeled as above, and SD-003 was 

modeled as permitted.  All other point sources were also assumed to be discharging with fall-

discharge period effluent characteristics.  The fall effluent from the municipal WWTFs other 

than Long Prairie (i.e., Carlos, Browerville, Eagle Bend, and Clarissa) has very low NH3-N 

because of nitrification throughout the summer.  Under these conditions, the summer 7Q10 
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model showed no violations of either DO or ammonia toxicity criteria throughout the Long 

Prairie River. 

 

Since the in-stream flow and temperature are more severe for the summer 7Q10 than for the 

fall 7Q10, the summer 7Q10 model serves to demonstrate the absence of DO and ammonia 

toxicity violations for the fall as well as the summer. 

 

For the winter 7Q10, modeling with the continuous discharges only (Long Prairie SD-003 and 

SD-004, and the Long Prairie Superfund discharge) as previously determined showed no DO or 

ammonia toxicity violations.  Therefore, the effluent characteristics given in Appendix F, Table 

F-23, define the TMDL point-source loads. 

   

 

9.8.2 TMDL Projection Simulation 

 

To complete the TMDLs for the Long Prairie River, each reach’s unallocated capacity for 

oxygen-demanding loads was determined by adding a hypothetical or “virtual” point source at 

the reach head and finding the largest possible load there that would not cause a DO violation.  

The virtual point sources were essentially mass loads; they all had the same nominal, low flow 

rate (0.1 cfs) to avoid significant hydraulic effects, and effluent concentrations were allowed to 

be arbitrarily high to yield the largest possible non-violating loads.  The critical condition for 

most of the virtual point sources was the summer 7Q10, however the modified spring 7Q10 was 

critical in the uppermost reach (reach 506).  For reach 504, the summer 7Q10 and modified 

spring 7Q10 were equally restrictive.  The unallocated capacity determinations are further 

discussed in Section 11.7. 

 

The inflow of Eagle Creek to the Long Prairie River does not cause DO or ammonia toxicity 

violations in the river main stem.  However, the TMDL projection simulation includes DO 

violations within Eagle Creek.  Eagle Creek is not at present a 303(d)-listed reach, but further 

investigation here appears to be warranted. 
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The TMDL projection simulation showed no violations of DO or ammonia toxicity standards in 

the Long Prairie River.  The model results are plotted in Appendix F, Figures F-14a, F-14b, and 

F-14c. 
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10.0   SWAT Model 

As discussed in Section 8, the SWAT model was used to simulate the effect of land management 

practices on loads of sediment and nutrients in the Long Prairie River. The objective was to 

provide a tool that could be used during the implementation phase of this project. The SWAT 

model results were not used to develop the TMDL allocations. This section of the report 

describes the model configuration and set up, the various data that were used as inputs to the 

model, the calibration results for flow and water quality, and the results of the model projections. 

 

 

10.1 MODEL CONFIGURATION 

 

The SWAT model was configured to cover the entire Long Prairie River watershed between the 

outlet of Lake Carlos and the mouth of the Long Prairie River. The SWAT model includes an 

ArcView interface that delineates the watershed boundary and subbasin boundaries using digital 

elevation model (DEM) data. These elevation data were originally developed by the USGS and 

were provided to the Wenck/FTN team by the Todd County GIS Department. These data 

consisted of elevations on a 30 meter × 30 meter grid. The watershed boundary delineated by the 

model was checked to make sure it was close to the boundary of the USGS hydrologic unit for 

the Long Prairie River basin. 

 

The model divides the whole watershed into subbasins based on outlets specified by the user. 

Subbasins are the smallest units in the model that are geo-referenced (i.e., the model considers 

the location of each subbasin when routing water, sediment, and nutrients from subbasin outlets 

to the mouth of the watershed). The subbasin outlets were specified so that the model would 

delineate subbasins that were similar to the subbasins established by the Minnesota Department 

of Natural Resources (MDNR). In a few cases, additional outlets were inserted to further divide 

the MDNR subbasins. This resulted in a total of 61 subbasins in the SWAT model (Appendix G, 
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Figure G-1). The subbasins are numbered in Appendix G, Figure G-1 for easy reference. The 

average size of the delineated subbasins is approximately 6000 acres. 

 

The SWAT ArcView interface also draws stream channels through the whole watershed based 

on the digital elevation data. If desired, the user can "burn in" stream channels that are already 

mapped in ArcView. This option forces the model to draw the stream channels close to the 

channels that are already mapped. Because accurate stream channel mapping was available from 

the Todd County GIS Department, the "burn in" option was used. The “burned in” stream 

channels are depicted in Appendix G, Figure G-1. After the model draws the stream channels, it 

calculates stream length and stream slope. For both stream length and stream slope, the values 

calculated by the model had to be adjusted manually because the grid size of the elevation data 

was not small enough for the model algorithms to reproduce the sinuosity of certain parts of the 

river. These manual adjustments were based on information from Tepley (1999). 

 

 

10.2 WATERSHED DATA 

 

The watershed data that are required by the SWAT model include soils and land use, both of 

which must be in GIS format (i.e., ArcView). The preferred source of soils data was the Soil 

Survey Geographic (SSURGO) database, which is published by the Natural Resource 

Conservation Service (NRCS) and is the same information as shown in the published county soil 

survey books except it is in GIS format. However, the SSURGO data were not available for most 

of the Long Prairie River basin when the SWAT modeling was initiated. Therefore, a less 

detailed level of soils data, referred to as the State Soil Geographic (STATSGO) database, was 

used. The STATSGO data are also published by the NRCS, but are slightly more generalized 

than the SSURGO data. The STATSGO soils data are shown on Appendix G, Figure G-2.  Major 

features of the uplands and river bottoms are depicted in the map. 

 

The land use data used for the SWAT model were the International Coalition Land Use / Land 

Cover data, which are based on 1990 aerial photography. These data were obtained from the 

MDNR web site and are shown on Appendix G, Figure G-3. In general, the different types of 
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land are well distributed throughout the basin without large concentrations of agricultural lands. 

Appendix A, Table A-1 summarizes the major classes of land use by the three river reaches; 

upper, middle, and lower. Agricultural was the dominant land use comprising 41% of the total 

basin. The largest concentrations of agricultural lands were found in the middle reach (48% 

agricultural) and the upper reach (43% agricultural). The lower reach was 28% agricultural. 

 

The land use data were modified slightly to account for land that was enrolled in the 

Conservation Reserve Program (CRP) during 1990 but has returned to cropland since then. 

Using CRP data for Todd County that was provided by the NRCS in GIS format, all CRP areas 

that had contract expiration dates prior to 2003 were assumed to be cultivated land now. This 

amounted to approximately 13,000 acres and represented 8.2% of the total cropland in the Long 

Prairie watershed.  

 

Because the land use data included only one category for all cultivated land, rotations of 

individual crops were specified in the SWAT model based on local information and observations 

from a site reconnaissance during August 2002. The cultivated land in the vicinity of Long 

Prairie and Browerville (ie, the middle reach) was assigned a 2-year rotation of potatoes and 

soybeans. Cultivated land in other parts of the watershed was assigned a 5-year rotation of corn, 

corn, oats overseeded with alfalfa, alfalfa, and alfalfa. Table 10-1 summarizes the percentages of 

various crops in Todd County. 
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Table 10-1. Acreages of primary crops in Todd County during 1997-2001. 

Crop Average Acres Harvested Percent of total 
Corn for grain 51,080 26% 
Corn for silage 22,080 11% 
Hay (alfalfa) 48,120 25% 
Hay (other) 28,460 15% 
Soybeans 23,420 12% 
Oats 12,360 6% 
Wheat 5,480 3% 
Potatoes 2,440 1% 
Sunflowers 1,770 1% 
Source: National Agricultural Statistics Service (www.nass.usda.gov:81/ipedbcnty/c_MNcrops.htm) 
 

After the user inputs the soils and land use data, the model overlays these two data sets and 

produces a third data set that identifies unique combinations of soil type and land use that occur 

within each subbasin. Each unique combination of soil type and land use within a subbasin is 

considered to be a hydrologic response unit (HRU). For example, all alfalfa fields on a certain 

type of soil in a subbasin are grouped into one HRU. The HRU is the smallest scale at which 

land is represented in the model (i.e., the watershed is divided into subbasins, and each subbasin 

is divided into HRUs). HRUs are not geo-referenced or located within the subbasin. Therefore, 

the portion of a subbasin that is comprised of alfalfa fields on a particular type of soil is known 

but the model does not keep track of where the individual fields are actually located within the 

subbasin. Each HRU usually represents an aggregation of numerous individual parcels of land 

that are not contiguous within a subbasin.  

 

Initially, the model generated over 840 HRUs for the Long Prairie River watershed, including 

many that were small and represented negligible percentages of a subbasin. In most applications 

of the SWAT model, the user will limit the number of HRUs to make the model more 

manageable and to be consistent with the accuracy and detail of available data. This is done by 

choosing threshold values for land use and soil type, which were set to 3% for land use and 10% 

for soil type for the Long Prairie River watershed. The model eliminated land uses that covered 

less than 3% of each subbasin and then reapportioned the areas of the remaining land uses so that 

100% of the land area in each subbasin was modeled. Next, for each remaining land use, the 

model eliminated soil types that covered less than 10% of an individual land use in each 
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subbasin and then reapportioned the areas of the remaining soil types. This process reduced the 

number HRUs in the Long Prairie River watershed to 396. The average size of the resulting 

HRUs was approximately 930 acres. 

 

Based on recommendations in the SWAT User Manual, land that was classified as open water 

(i.e., ponds and lakes) was simulated as ponds rather than a terrestrial land use (i.e., modeled as a 

waterbody rather than dry land). In SWAT, ponds are simulated with fluctuating water levels 

where the outflow varies as a function of water level. The model will not let water flow out of 

ponds when the water level is below the outlet level. The water level can fluctuate due to inflow, 

outflow, seepage into groundwater, and evaporation. SWAT simulates wetlands in a similar 

manner (i.e., water level can fluctuate, outflow varies as a function of water level, etc.). 

Therefore, all land that was classified as wetlands was simulated as wetlands (i.e., waterbodies) 

rather than a terrestrial land use. 

 

The model also requires some information concerning land management practices. Planting dates 

and harvesting dates were entered into the model based on information obtained from the 

National Agricultural Statistics Service web site. Fertilization rates were based on recommended 

values from the University of Minnesota web site. 

 

 

10.3 CLIMATIC DATA 

 

The primary climatic data that are required by the SWAT model are precipitation and minimum 

and maximum temperatures for each day. Daily precipitation data were obtained for 11 stations 

from the high density volunteer monitoring network data on the University of Minnesota web 

site. These 11 stations are (named by county and township): Todd Bertha, Douglas Carlos, 

Morrison Darling, Todd Iona, Todd Little Elk, Todd Leslie, Todd Long Prairie, Todd Round 

Prairie, Todd Ward SW, Todd Ward NE, and Todd Staples. Daily minimum and maximum 

temperatures were obtained for 4 stations from the National Oceanic and Atmospheric 

Administration (NOAA) web site. The 4 temperature stations are Alexandria, Brainerd, Long 

Prairie, and Wadena. The locations of these stations are shown in Appendix G, Figure G-4. 
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For each of the precipitation and temperature stations, latitude and longitude coordinates were 

input to the model. For each subbasin, the model identifies the precipitation and temperature 

stations that are closest to that subbasin and uses the data from those stations. The model does 

not interpolate between stations. 

 

The model also uses daily data for solar radiation, wind speed, and relative humidity. These 

values are used for simulating processes such as plant growth and potential evapotranspiration. 

Following the recommendation in the SWAT User's Manual, daily values of these three 

parameters were generated by the model (because there were no measured values from weather 

stations located in the watershed). The model has a national database of weather statistics that it 

uses to generate daily values of solar radiation, wind speed, and relative humidity. The model 

automatically chooses the nearest station for each subbasin. For the Long Prairie River 

watershed, the nearest stations in the SWAT database were located near Wadena and Glenwood. 

 

 

10.4 HYDROLOGIC INPUTS 

 

A number of hydrologic parameters are necessary for the model to simulate hydrology in the 

watershed. For most of those parameters, the model automatically reads or calculates values 

from databases that are provided with the model. For example, the model reads soil parameters 

such as saturated hydraulic conductivity, available water capacity, and hydrologic soil group 

from the STATSGO database. Another example is how the model determines SCS curve 

numbers based on land use, hydrologic soil group, and information from published literature. 

 

For the Long Prairie River watershed, an upstream boundary had to be specified to account for 

flow coming into the modeled area from Lake Carlos and upstream areas. The daily flow data for 

Station 9 (Long Prairie River before Carlos) were used to specify this inflow rate. 

 

The SWAT model also has the capability to simulate irrigation withdrawals from surface or 

groundwater sources. The timing and quantity of irrigation water that is applied can be explicitly 
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specified by the user or automatically determined by the model based on simulated stress of 

crops due to lack of water. For the base simulations, it was assumed that all irrigation 

withdrawals would occur from shallow groundwater and that application rates and timing would 

be determined by the model so that crop growth would not be limited from lack of water. 

Previous experience with the model indicates that in order for the model to predict an accurate 

water budget, realistic crop growth is required. If crop growth is limited, evapotranspiration from 

the plant cover will be less than expected and the model water budget will be off. Since farmers 

in the area will irrigate when necessary to maximize crop yield, the assumption to let the model 

optimize application rates is reasonable. 

 

Permitted NPDES discharges were also included in the model as point sources to the river using 

average effluent flow rates. 

 

 

10.5 HYDROLOGIC CALIBRATION 

 

The hydrology in the SWAT model for the Long Prairie River basin was calibrated by 

comparing predicted and observed flow data at various stations for June 1997 through September 

1999. The model was started in January 1995 so that the first 29 months could be considered as a 

startup period so that estimates of initial conditions in the watershed would not influence the 

model results during the calibration period. Prior to June 1997, there were no flow data for the 

upstream boundary; the upstream flow during that time was set to the period of record average of 

the Station 9 flow data (i.e., the average for June 1997 through September 1999). 

 

The model predictions were compared to observed flow data at 5 locations along the main stem; 

these were Station 10 (after Carlos), Station 6 (Highway 11upstream of Long Prairie), Station 7 

(USGS gage in Long Prairie), Station 5 (Highway 14 near Browerville), and Station 2 (near 

Philbrook). Observed flow data were also available at 3 tributary locations; these were Station 4 

(Eagle Creek), Station 3 (Turtle Creek), and Station 8 (Moran Creek). However, the observed 

flow data for Eagle Creek and Turtle Creek were both unusually low. The average flows per unit 

of drainage area (i.e., inches of runoff and groundwater inflow per year) were approximately 
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3.6 inches per year for Eagle Creek and 5.0 inches per year for Turtle Creek. As mentioned in 

Section 4.2, published values of average annual surface runoff (excluding groundwater inflow) 

are approximately 4 to 6 inches per year. Therefore, the observed flows for Eagle Creek and 

Turtle Creek were not used for calibration. 

 

The initial predictions of flow were generally higher than the observed values, partly because of 

surface runoff predictions that appeared to be too high. Following guidance in the SWAT User's 

Manual, the calibration parameters that were adjusted included curve numbers, available soil 

water capacity, groundwater "revap" coefficient (affects the evapotranspiration from shallow 

groundwater), and groundwater delay time (time for water to percolate from the bottom of the 

root zone to the saturated zone). After adjusting these calibration parameters within ranges 

allowed by the model, the average predicted and observed flows during the calibration period 

were as shown in the table below. 

 

Table 10-2. Flow calibration results from SWAT model. 

Location 

Average 
observed 
flow (cfs) 

Average 
predicted 
flow (cfs) 

Percent 
difference 

Station 10 (after Carlos) 2.2 2.4 +8% 
Station 6 (Highway 11upstream of Long Prairie) 4.8 5.0 +5% 
Station 7 (USGS gage in Long Prairie) 5.2 5.3 +1% 
Station 5 (Highway 14 near Browerville) 7.5 6.0 -20% 
Station 2 (near Philbrook) 12.4 11.4 -8% 
Station 8 (Moran Creek) 1.5 1.3 -13% 
 
A few of the percent difference values are greater than the proposed calibration tolerance of 10% 

for flow. However, at the station farthest downstream on the main stem (Station 2), the percent 

difference is low. The predictions at this station represent the cumulative effects of the model 

predictions over the entire drainage area upstream of that location. 
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10.6 WATER QUALITY INPUTS 

 

A number of water quality parameters are necessary for the model to simulate hydrology in the 

watershed. As with the hydrologic parameters, the model automatically reads or calculates most 

of these values from databases that are provided with the model.  

 

For the upstream boundary (outflow from Lake Carlos), concentrations of sediment and nutrients 

had to be specified in the model. Because there was relatively little variation in the observed 

concentrations at Station 9 (Long Prairie River before Carlos), average concentrations of total 

suspended solids (TSS), total nitrogen, and total phosphorus for Station 9 were input to the 

model as constant values. Total nitrogen was calculated by adding values of total Kjeldahl 

nitrogen (TKN) and nitrate+nitrite nitrogen (NO2/ NO3-N). 

 

 

10.7 SEDIMENT CALIBRATION 

 

For the calibration of sediment in the SWAT model, the model predictions were compared with 

measured concentrations of TSS at various stations for June 1997 through September 1999. TSS 

was the parameter that provides the closest approximation to sediment concentration in the water 

column. However, it should be noted that TSS values from grab samples collected near the 

surface of the stream do not represent the entire quantity of sediment being transported along a 

stream. These samples do not include sediment from bedload, which is the process of relatively 

heavier sediment particles being transported downstream along the bottom of the stream bed. In 

contrast, the sediment concentration predicted by the SWAT model represents all sediment being 

transported along a stream, including bedload. 

 

Considering the differences between what is represented by measured TSS concentrations versus 

SWAT predicted sediment concentrations, it was not surprising that the sediment concentrations 

predicted by SWAT were mostly higher than the observed TSS concentrations. Because 

observed TSS concentrations were not available for every day, averages of predicted 

concentrations were calculated using values only on days when observed data were available. 
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One of the problems with the model predictions appeared to be unusually high sediment 

concentrations during storms. Because sediment transport and scour in the SWAT model are 

affected by channel velocity and channel erodibility, the model default values for Manning's n 

and channel erodibility were adjusted. Also, the P factor in the Universal Soil Loss Equation 

(USLE) was decreased to reduce erosion from the watershed. After these adjustments, the 

average predicted and observed concentrations for the calibration period were as shown in the 

table below. 

 

Table 10-3. Sediment calibration results from SWAT model. 

Location 

Average 
observed 

TSS (mg/L)

Average 
predicted 
sediment 
(mg/L) 

Percent 
difference 

Station 10 (after Carlos) 4.5 5.7 -9% 
Station 6 (Highway 11upstream of Long Prairie) 10.5 6.6 -28% 
Station 7 (USGS gage in Long Prairie) 9.1 6.7 -26% 
Station 5 (Highway 14 near Browerville) 11.2 8.1 -37% 
Station 2 (near Philbrook) 9.7 8.8 +27% 
 

Some of these percent difference values are greater than the proposed calibration tolerance of 

25% for sediment, which is assumed to be due to the inconsistency between observed TSS 

concentrations and predicted sediment concentrations. 

 

 

10.8 NUTRIENT CALIBRATION 

 

For the nutrient calibration of the SWAT model, the model predictions were compared with 

measured concentrations of total nitrogen and total phosphorus at various stations for June 1997 

through September 1999. Total nitrogen values were calculated by adding values of TKN and 

NO2/ NO3-N. 

 

The nitrogen concentrations were underpredicted by the model at the upper end of the watershed 

and overpredicted at the lower end, while the phosphorus concentrations were overpredicted 
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throughout the system. The average predicted and observed nutrient concentrations for the 

calibration period were as shown in the tables below. 

 

Table 10-4. Nitrogen calibration results from SWAT model. 

10.8.1.1 Location 

Average 
observed 

total 
nitrogen 
(mg/L) 

Average 
predicted 

total 
nitrogen 
(mg/L) 

Percent 
difference 

Station 10 (after Carlos) 0.68 0.57 -16% 
Station 6 (Highway 11upstream of Long Prairie) 0.85 0.69 -19% 
Station 7 (USGS gage in Long Prairie) 0.84 1.00 +19% 
Station 5 (Highway 14 near Browerville) 1.21 1.29 +5% 
Station 2 (near Philbrook) 1.08 1.67 +54% 
 
Table 10-5. Phosphorus calibration results from SWAT model. 

Location 

Average 
observed 

total 
phosphorus 

(mg/L) 

Average 
predicted 

total 
phosphorus 

(mg/L) 
Percent 

difference 
Station 10 (after Carlos) 0.020 0.028 +39% 
Station 6 (Highway 11upstream of Long Prairie) 0.060 0.064 +8% 
Station 7 (USGS gage in Long Prairie) 0.061 0.114 +88% 
Station 5 (Highway 14 near Browerville) 0.083 0.155 +17% 
Station 2 (near Philbrook) 0.055 0.185 +239% 
 
 

10.9 MODEL VERIFICATION 

 

As mentioned in Section 8.1.2, it was originally planned to verify the SWAT model using data 

from the 2000-2001 period. However, no continuous flow data were available for the upstream 

end of the model (the outlet of Lake Carlos) for this time period. Without this data, it was not 

possible to accurately simulate flow, sediment, or nutrients at any of the monitoring stations 

along the main stem of the river. Comparison of predicted and observed concentrations of 

sediment and nutrients would not provide an accurate assessment of the model's ability to 

simulate conditions other than the calibration period. Therefore, verification of the SWAT model 

was not performed. 
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10.10 MODEL RESULTS 

 

The calibrated model input and output files are included in the electronic submission of the 

report and modeling files. These files provide the model input and output on a subbasin basis. 

Overall results are discussed in this section. 

 

Sediment, total phosphorus, and total nitrogen loads are presented by subbasin in Appendix G, 

Figures G-5, G-6, and G-7, respectively. Darker colors represent higher loadings per unit area. 

These figures can be used to identify hot spots or subbasins with the highest loadings that should 

be prioritized for implementation of best management practices to reduce the loadings. For 

example, in Appendix G, Figure G-6, subbasins 21, 34, 29, and 49 were identified as having the 

highest phosphorus loadings. These subbasins also correspond with the subbasins with the 

highest sediment loads.  A different loading pattern is shown in Appendix G, Figure G-7 for 

nitrogen. This difference is because nitrogen is not tied to the sediment erosion as phosphorus is. 

 

Sediment and nutrient loads per unit area are summarized by land use in Appendix G, Figures G-

8, G-9, and G-10. Appendix G, Figures G-9 and G-10 show that the export rate (load/unit 

area/year) is highest from agricultural lands for both phosphorus and nitrogen. Appendix G, 

Figures G-11, G-12, and G-13 show pie charts with the percentages of sediment, nitrogen, and 

phosphorus load for each land use in the basin.  These pie charts are based on percentages of 

total loads for the watershed (not loads per unit area); therefore, they are dependent on both the 

load per unit area and the area of each land use. 

 

Loadings of sediment, nitrogen, and phosphorus for the whole watershed are compared for wet 

and dry years in Table 10-6.  The years selected for wet and dry years were 1995 and 1992, 

respectively, because the annual precipitation values for those years were at least one standard 

deviation above and below the long term average.  The loadings for the wet year were 2 to 3 

times as high as the loadings for the dry year.  This shows the dynamic nature that is typical for 

non-point source loading in most watersheds.   
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Table 10-6.  Comparison of simulated loadings for wet and dry years. 

 Dry Year (1992) Wet Year (1995) 
Sediment Yield (tons/ha) 0.32 1.00 
Nitrogen Yield (kg N/ha) 2.10 4.89 
Phosphorus Yield (kg P/ha) 0.19 0.57 
Annual Precipitation (in/yr)* 21.9 37.0 
* For annual precipitation, average is 28.2 in/yr and standard deviation is 6.0 in/yr. 
 

 

1.1 MODEL PROJECTIONS 

 

As mentioned in Section 8.1, the intended use of the SWAT model for the Long Prairie 

River basin was to investigate land management practices needed to achieve the required 

NPS load reductions predicted by QUAL-TX.  The SWAT model has the capability to 

simulate numerous types of BMPs to reduce nutrient loadings.  In this section, two 

alternatives are presented to illustrate how the SWAT model can be used to evaluate 

BMPs in the Long Prairie watershed. 

 

The objective of the SWAT modeling was to identify watershed management practices 

that would yield the non-point source load reductions that are necessary for the main stem 

of the river to maintain the DO standard according to the QUAL-TX modeling.  In other 

words, if the QUAL-TX modeling showed that a 10% reduction of non-point source 

sediment and nutrient loads was needed, then the SWAT model would be used to identify 

management practices that would yield a 10% reduction of non-point source loads.  The 

QUAL-TX modeling showed that non-point source reductions on the order of 10% are in 

fact necessary in reaches 504, 505, and 506 (upper and middle portions of the river).  To 

provide some useful information on non-point load reductions, the SWAT model was 

used to simulate two different scenarios.  

 

The first scenario was implementation of 10-meter wide filter strips in the four subbasins 

with the highest sediment loading per unit area. These filter strips were assumed to be 

implemented for all cropland within these subbasins. As shown in Table 10-7, the results 

of this scenario indicate that loadings from each of these four subbasins would be 

significantly reduced by the 



 

use of filter strips. For the whole watershed, the reductions in loadings would not be as 

significant as on the subbasin level.  

 

Table 10-7.  Simulated loadings before and after implementation of filter strips. 

Sediment 
(tons/ha) 

Total Nitrogen 
(kg N/ha) 

Total Phosphorus 
(kg P/ha) 

Subbasin 

Before After Before After Before After 
21 4.49 1.23 13.88 4.21 2.11 0.58 
34 4.07 1.06 15.95 4.08 2.33 0.51 
29 3.96 1.11 12.75 4.73 1.88 0.64 
49 3.82 1.40 6.02 2.12 0.90 0.29 

Watershed 69.1 55.9 321.4 285.8 40.9 35.3 
 
 

The second scenario was conversion of all land in the potatoes/soybeans rotation to Conservation 

Reserve Program (CRP). These areas were assumed to be converted to grass. As shown in Table 

10-8, the results of this scenario indicated that the reductions in loadings would be small in most 

cases.  This is presumably due to the relatively small amount of area that is planted in potatoes 

(compared to other crops; see Table 10-1). 

 

Table 10-8.  Simulated loadings before and after conversion of potato land to CRP. 

Sediment 
(tons/ha) 

Total Nitrogen 
(kg N/ha) 

Total Phosphorus 
(kg P/ha) 

Subbasin 

Before After Before After Before After 
21 4.49 4.15 13.88 10.76 2.11 1.48 
23 1.00 0.99 5.04 4.74 0.67 0.62 
26 3.35 2.71 12.59 11.88 1.79 1.61 
29 3.96 3.96 12.75 10.09 1.88 1.37 
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10.12 MODEL IMPROVEMENTS 

 

Development and application of the SWAT model is an ongoing process that requires continual 

updates and improvements. It is recommended that the SWAT model for the Long Prairie 

watershed continue to be used and developed as an implementation tool for the watershed. 

Specific recommendations include updating and improving the management practices in the 

model (e.g., crop rotations; fertilizer application rates, methods, and timing; tillage methods and 

timing; etc.) and incorporating the SSURGO soils data into the model. 
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11.0   Loading and Allocation 

11.1 TMDL CALCULATIONS 

 

A total maximum daily load (TMDL) for DO has been calculated for each Long Prairie River main 

stem reach (07010108-501 through -506) based on the TMDL projection simulation.  The TMDL 

projection simulation corresponds to the modified spring 7Q10 conditions.  The modified spring 

7Q10 conditions were critical for, and therefore determined, most of the point source wasteload 

allocations and all of the non-point source load allocations.  The few loads determined by the 

summer 7Q10 (unallocated capacities of several reaches and wasteload allocation for the Long 

Prairie WWTF’s two industrial wastewater systems) were the same in the modified spring 7Q10 as 

in the summer 7Q10 models. 

 

The DO TMDLs for the Long Prairie River are presented as oxygen demand from CBODu, 

NBOD (decay of both ammonia and organic nitrogen), and SOD.  The NBOD loads were 

calculated as 4.33 times the sum of ammonia nitrogen (NH3-N) plus organic nitrogen (ON).  The 

assumption is that all ON ultimately decays to NH3-N.  The factor 4.33 is the stoichiometric ratio 

(mass basis) of oxygen demand to nitrogen that was used in the QUAL-TX modeling.  The SOD 

component was integrated over the streambed area of each reach and reflects temperature 

correction for the ambient conditions of the projection simulation. 

 

Table 11-1 shows the load reductions that the TMDLs require for ensuring maintenance of the DO 

standard.  Non-point source load reductions on the order of 10% are indicated for the upper and 

middle portions of the Long Prairie River (reaches 504, 505 and 506).  Point source load 

reductions are indicated for the Long Prairie and Browerville WWTFs.  However, Browerville’s 

load reduction is nominal because this facility actually discharges in the fall only, not in the spring.  

Browerville's wasteload allocation is equivalent to a flow rate of 0.335 cfs (equal to half of 

Browerville's 1999-2001 maximum annual wastewater volume discharged at a constant rate over 
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75 days) with a spring NH3-N effluent concentration of 5.8 mg/L.  Thus, in case of need, a spring 

discharge would be feasible for Browerville with existing effluent quality. 

 

The following sections present the TMDLs, discuss seasonal variation and margins of safety, and 

summarize point source discharge restrictions required to prevent ammonia toxicity, based on 

minimum in-stream flows.   

 

 

11.2 TMDLS FOR DO IN THE LONG PRAIRIE RIVER 

 

Table 11-2 presents the DO TMDLs for the Long Prairie River.  In Table 11-2, reach loading 

capacities are in bold at the lower right corner of each data block.  The reach loading capacity is 

the sum of all point source wasteload allocations (WLAs) and implicit margins of safety 

(MOSs), non-point source load allocations (LAs), non-point source margin of safety (MOS), and 

unallocated capacity.  The unallocated capacity represents a “virtual” point source (point mass 

loading with essentially zero flow) at the reach’s upstream end that is just large enough, in 

combination with all other loadings, to cause a 5-mg/L DO minimum under critical low flow 

conditions.  The unallocated capacity thus merely completes the determination of the reach 

loading capacity.   

 

The DO TMDLs for the Long Prairie River are illustrated as bar charts in Figure 11-1.  Figure 

11-2 shows the DO profile that resulted from the TMDL simulation projection, and Figures 11-3 

and 11-4 show DO profiles for summer and winter 7Q10 conditions.  For further details, see 

Appendix F, Figures F-14a through F-14j. 

 

WLAs were not developed for the Eagle Bend and Clarissa WWTFs because Eagle Creek is not 

listed as impaired for low DO, and these communities’ residual loads do not impair the Long 

Prairie River main stem.  However, these two municipal loads are included in the TMDL 

projection simulation.  The Eagle Creek “residual point source loads” in Tables 11-1 and 11-2 

are the loads from the Eagle Bend and Clarissa WWTFs, following attenuation in Eagle Creek.  

Eagle Creek’s non-point sources also reflect in-stream attenuation.  For Eagle Creek, the TMDL 
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projection simulation had a gross CBODu load from all sources of 1200 lb/day and a net CBODu 

load (to the Long Prairie River) of 849 lb/day, and gross and net NBOD loads of 620 and 252 

lb/day, respectively.  The following table is consistent with these overall values and the 

assumption that each individual load’s attenuation was proportional to the load itself and to the 

length of Eagle Creek’s channel through which it flowed.   
 

CBODu NBOD 

Eagle Creek 
Pollutant Load 

Component 

Attenuation 
Length 
(miles) 

Gross 
Load 

(lb/day) 

Load  
Attenuation 

(lb/day) 

Net 
Load 

(lb/day)

Gross 
Load 

(lb/day) 

Load  
Attenuation 

(lb/day) 

Net  
Load  

(lb/day)
Eagle Bend WWTF 12.0 88 42 46 212 166 46 
Clarissa WWTF 7.0 219 61 158 299 136 162 
Headwater 12.5 101 51 50 52 42 10 
Incremental Inflow 6.25 793 198 595 57 23 34 

Totals -- 1200 351 849 620 368 252 
 

In Tables 11-1 and 11-2, the Eagle Creek residual point source loads are the sums of Eagle 

Bend’s and Clarissa’s net loads in the above table.  The non-point source LAs for Eagle Creek, 

similarly, are the sums of the headwater and incremental inflow net loads in the above table, 

minus small contributions to the MOSs. 
 

 

11.3 AMMONIA TOXICITY RESTRICTIONS 
 

To prevent ammonia toxicity during the spring discharge period (April 1 – June 30), the Carlos, 

Eagle Bend, and Clarissa municipal WWTFs should restrict their discharges to periods when the 

headwater flows in their receiving waters are greater than or equal to the following minimums: 
 

Municipal WWTF Stream 
Headwater 
River Mile 

Stream Flow 
(cfs) 

Carlos Long Prairie River LPR 89.9 3.87 
Eagle Bend Eagle Creek EC 12.5 2.75 
Clarissa  Eagle Creek EC 12.5 2.75 
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Consistent with the above restrictions, the TMDL projection simulation incorporated headwater 

flows of 3.87 cfs in the Long Prairie River and 2.75 cfs in Eagle Creek.  The modified flow 

regime used for the TMDLs implies the need for hydrograph-controlled discharges, based on 

Long Prairie River and Eagle Creek in-stream flows, from the Carlos, Eagle Bend, and Clarissa 

WWTFs.   

 

Effluent limits for the Long Prairie WWTF that are required for DO maintenance also serve to 

prevent ammonia toxicity; limits based only on preventing downstream ammonia toxicity would 

be considerably more relaxed than Long Prairie’s DO-based limits.  

 

 

11.4 SEASONAL VARIATIONS 

 

To account for seasonal variation in flow and temperature, the TMDLs were tested in QUAL-TX 

simulations of summer/fall and winter low-flow conditions (Figures 11-3 and 11-4, respectively).  

The summer/fall simulation used summer 7Q10 and temperature but included all municipal 

discharges with fall-season effluent quality.  The summer/fall 7Q10 simulation thus served as a 

conservative test for the municipal WWTFs with seasonal discharges.  The summer/fall simulation 

defined load limitations for the Long Prairie WWTF’s SD-004 but not for any other municipal 

facility.  The summer/fall simulation also determined the unallocated capacities for reaches 501, 

502, 503, 504, and 505. 

 

In both the summer/fall and winter scenarios, the continuous discharges from the Long Prairie 

WWTF (discharges SD-003 and SD-004) were modeled with the effluent characteristics as 

determined for the TMDL (Appendix F, Table F-23).  Both scenarios also included the only 

other continuous discharge, that of the Long Prairie Superfund site, a minor source of oxygen-

demanding substances. 
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11.5 MARGIN OF SAFETY 

 

The margin of safety (MOS) accounts for the uncertainty or lack of knowledge concerning the 

relationship between load allocations and water quality.  The Long Prairie River TMDLs 

incorporate implicit MOSs for point source WLAs and explicit MOSs for non-point source LAs.  

The WLAs have implicit MOSs because of conservative assumptions inherent in the WLA 

determinations and because the science and practice on which the WLA determinations are based 

is well developed. 

 

The WLA determinations depend strongly on the conservative assumption that extreme low flow 

and extreme high temperature coincide with the simultaneous discharge of all possible point 

sources (the last phenomenon in itself a rare occurrence).  Because this scenario is so 

improbable, its assumption introduces a significant safety margin for the WLAs. 

 

In addition, when effluent concentration limits for conventional pollutants are derived using a 

steady-state modeling analysis, the MPCA normally assigns these as monthly average permit 

limits not to be exceeded.  In so doing, an additional MOS is inherent in waste load allocations 

for biological treatment facilities because the variability in pollutant removal efficiencies that 

always exists in these facilities implies that their design and operation must target significantly 

stricter effluent limits than their NPDES permits allow.  For example, considering the 12 

monthly average CBOD5 concentrations for a biological treatment facility’s effluent, the 

maximum monthly average is typically 1.5 times greater than the average of the 12 monthly 

averages.  In recognition of this, the facility must target and generally meet an effluent limit that 

is at least 33% smaller than the NDPES limit.  If instead the facility’s target effluent limit 

equaled the NPDES limit, the facility would be virtually guaranteed to have one or more effluent 

violations every year.  Thus, a well-run biological treatment facility’s effluent will only 

occasionally approach its NPDES permit limits and will have long-term average quality that is 

substantially better than its permit allows. 
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In addition to this conservatism, a large knowledge base and long experience underlie the point 

source WLA determinations.  The use of mathematical models of river DO for determining 

allowable wasteloads began in the early 20th century and is a well-developed practice.  The 

particular model used in the Long Prairie River TMDL study has had a long history of successful 

use and on-going development.  The model originated as the U.S. EPA’s QUAL-II (Roesner et 

al., 1981) and subsequently underwent further development as QUAL2E (NCASI, 1985; Brown 

and Barnwell, 1987).  More recent modifications by the Texas Water Development Board (1995) 

have added capabilities to QUAL2E, culminating in the QUAL-TX model, the particular model 

used in the Long Prairie study. 

 

The point source WLAs for the Long Prairie River also rest on a very substantial and diverse 

body of site-specific scientific data.  As part of the TMDL study, three extensive synoptic water 

quality and hydrologic surveys of the river, its tributaries, and discharging point sources were 

conducted in August 2001, September 2001, and February 2002.  The TMDL study also included 

two additional focused water quality surveys in August 2001 and August 2002.  Other 

monitoring data utilized in the Long Prairie TMDL study included the Todd SWCD’s extensive 

water quality and flow gauging record for the years 1996 – 2002, and the MPCA’s long-term 

(1974 – 2000) water quality record for the Long Prairie River at Motley.  The U.S. Geological 

Survey has maintained a stream flow gauging station on the Long Prairie River at the City of 

Long Prairie since 1971 and has undertaken and published three groundwater investigations that 

provided water quality and hydrologic data relevant to the TMDL study.  Groundwater proved to 

represent substantial portions of the Long Prairie River’s water and pollutant budgets. 

 

In light of the above factors, we estimate that the implicit MOS for the Long Prairie River WLAs 

easily exceeds 10%. 

 

Most of the discussion concerning the MOSs for point source WLAs also applies to the MOSs 

for non-point source LAs.  However, non-point source pollutant loads are inherently more 

difficult to quantify than point source loads.  Therefore, non-point source LAs incorporate an 

explicit additional MOS of 10%.   
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In the Long Prairie River’s three lower reaches (501, 502, and 503), the initially determined 

virtual loads provided the non-point source MOSs as well as the unallocated capacities.  These 

reaches’ virtual loads were split in this way because the reaches have no actual point sources 

within or directly above them, and their non-point source MOSs equaled a relatively minor 

portion (< 20%) of their virtual loads.  In the three upper Long Prairie River reaches (504, 505, 

and 506), the non-point source MOSs were deducted from the initially determined non-point 

source loads themselves.  Non-point source load reductions are required in the three upper 

reaches because of this procedure. 

 

 

11.6 ALLOWANCE FOR FUTURE GROWTH 

 

The use of design flows and permitted maximum flows for the point source WLAs can be 

regarded as incorporating growth allowances for the watershed’s municipalities.  This is because 

the design flows and permitted maximum flows are in general substantially greater than the 

flows the municipalities actually require. 

 

In the TMDL projection simulation, the design flows used in the QUAL-TX model for the Long 

Prairie WWTF were about 17% greater than the flows actually needed.  Long Prairie’s design 

flows are as follows: 

 

Modeled  Flow Rate 
Long Prairie Discharge (cfs) (MGD) 
Long Prairie SD-002 0.62 0.400 
Long Prairie SD-001 0.15 0.100 
Long Prairie SD-003 0.88 0.566 
Total 1.65 1.066 

 

For the years 1999-2001, during which time the Long Prairie WWTF discharged seasonally from 

its pond systems, the actual discharge volumes in millions of gallons per year (MGY) were as 

follows: 
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Actual Discharge Volume 
(MGY) 

Long Prairie Discharge 1999 2000 2001 
Long Prairie SD-002 138 141 155 
Long Prairie SD-003 39 33 32 
Long Prairie SD-001 88 95 145 
Total 265 269 332 

 

The current reconstruction of system SD-003 involves rearrangement of the individual system 

flow rates, so a system-by-system flow comparison cannot be done.  However, the total flow 

rates can be compared.  Since the maximum actual total discharge of 332 MGY is equivalent to a 

continuous flow rate of 0.91 MGD, the modeled flow rate (1.066 MGD) provides a growth 

allowance of about 17%. 

 

For the seasonally discharging municipal ponds, the implicit growth allowances are 30 to 89%.  

The modeled flow rates from the municipal point source discharges other than Long Prairie were 

as follows: 

 

Modeled Flow Rate 
Municipal WWTF (cfs) (MGD) 
Carlos 1.21 0.782 
Browerville 6.16 3.982 
Eagle Bend 1.01 0.653 
Clarissa 1.42 0.918 

 

These modeled flow rates correspond to the permissible maximum drawdown rate of 6 inches 

per day, taken over each system’s secondary pond area.  The table below shows the 

corresponding growth allowances based on comparisons with actual seasonal discharge volumes, 

taking into account the periods of allowable discharge. The table shows the actual maximum 

seasonal discharge volumes, in millions of gallons (MG), for the above four WWTFs during the 

years 1999 – 2001 (all seasonal maximums occurred in 2001).  The allowable discharge periods 

are April 1 - June 30 (91 days) and September 1 – December 15 (106 days).  The equivalent flow 
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rates shown in the table correspond to the maximum seasonal volumes, assumed to be discharged 

over 75 days (conservative) at a constant rate. 

 

Maximum Seasonal 
Discharge Volume Equivalent Flow 

Municipal WWTF (MG) Season (MGD) 

Implicit 
Growth 
Allowance 

Carlos 10.2 spring 2001 0.136 83% 
Browerville 32.5 fall 2001 0.434 89% 
Eagle Bend 34.5 spring 2001 0.460 30% 
Clarissa 28.3 spring 2001 0.378 59% 
 

 

11.7 UNALLOCATED CAPACITY 

 

The Long Prairie River TMDLs incorporate an unallocated capacity for each reach.  In terms of 

total oxygen demand, the unallocated capacities range from about 200 to 1,200 lb/day.  These are 

comparable to individual municipal WWTF loads affecting the Long Prairie River.  State and 

local decision makers will need to consider carefully what the ultimate fate of these unallocated 

capacities will be. 

 

 

 



 

12.0   Alternatives Analysis 

Alternatives for reducing point source and non-point source pollutant loads are discussed here in 

light of the data analysis and modeling results from this and previous studies.  In general, point 

source load reductions are necessary for maintaining adequate dissolved oxygen (DO) and 

preventing ammonia toxicity in the Long Prairie River under critical low-flow conditions.  With 

regard to non-point sources, landowners and local agencies such as the Todd Soil and Water 

Conservation District (SWCD) must continue to promote and implement best management 

practices throughout the watershed.  This will maintain the generally good water quality of the 

Long Prairie River that exists under normal and high-flow conditions.  The reach of the Long 

Prairie River near the City of Carlos that extends from Highway 29 to County Road 65 is 

unusual in several respects, and is discussed below. 

 

 

12.1 CRITERIA AND RATIONALE 

 

The water quality criterion which prompted the Long Prairie TMDL study is the Minnesota 

Rules, Chapter 7050, DO standard of 5 milligrams per liter (mg/L).  This DO standard is an 

instantaneous minimum, so it is important to keep in mind that photosynthesis often causes DO 

concentrations to vary throughout the day, the early-morning minimum DO typically being a few 

mg/L below the afternoon maximum. 

 

In the course of the TMDL study, the potential for municipal discharges to cause ammonia 

toxicity in the Long Prairie River became known.  The state standard in Class 2B waters for 

ammonia is a maximum non-ionic ammonia concentration of 0.04 mg/L as nitrogen.  Measured 

concentrations of ammonia nitrogen (NH3-N) include both the ionic form (ammonium, NH4
+) 
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and the non-ionic form (dissolved NH3).  The non-ionic form is toxic to fish.  The water 

temperature and pH together determine what fraction of the measured NH3-N is actually non-

ionic (discussed in Section 9.8.2.3). 

 

 

12.2 POINT SOURCES 

 

The TMDL modeling and analysis focused on existing point sources:  the Carlos, Long Prairie, 

and Browerville municipal wastewater treatment facilities (WWTFs), plus the Long Prairie 

Superfund site, all of which discharge to the Long Prairie River; and the Eagle Bend and Clarissa 

WWTFs, which discharge to Eagle Creek.  The Long Prairie WWTF actually comprises three 

treatment systems with separate discharges.  Discharge SD-001 is an industrial wastewater 

treatment system, discharge SD-002 is a system that will soon treat only industrial wastewater 

(but at present includes some domestic wastewater), and discharge SD-003 is a domestic 

wastewater treatment system.  A new mechanical treatment facility that will discharge 

continuously is now under construction for Long Prairie discharge SD-003.  All of the other 

municipal WWTFs (including the other two Long Prairie systems) are stabilization ponds with 

seasonal (spring and fall) discharges.  The Long Prairie Superfund site is a former dry cleaning 

facility; groundwater is pumped out at the site and treated for chlorinated volatile organics prior 

to discharge.  All treatment facilities currently discharge in compliance with their existing 

NPDES permits.  However, there has been the need for some emergency discharges from Eagle 

Bend and Clarissa. 

 

The Alexandria Lake Area Sanitary District (ALASD) and Miltona WWTFs were not considered 

significant pollutant sources to the Long Prairie River and were not included in the TMDL 

modeling and analysis.  Although a large facility, the ALASD plant provides advanced treatment 

that yields effluent of extremely high quality, and its effects on the Long Prairie River are 

buffered by Lake Carlos and a series of lakes upstream from Lake Carlos.  The Miltona WWTF 

is very small, and its discharge is assimilated by a slough before entering an unnamed tributary 

to the Long Prairie River.   
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Five additional pollutant sources in the watershed are Concentrated Animal Feeding Operations 

(CAFOs).  Their National Pollutant Discharge Elimination System (NPDES) permits (four 

existing, one in process) do not allow direct discharge to surface waters.  However, manure from 

the CAFOs is ultimately spread on cropland, so the CAFOs contribute to non-point source 

pollution.  The CAFOs include poultry, dairy cattle, and beef cattle operations.  All of the 

NPDES permits in the watershed are minor permits under the classification of the U.S. 

Environmental Protection Agency (“regular” permits under the MPCA’s classification).  Potato 

growers in the watershed reportedly conduct washing operations after harvest, but these washing 

operations have not required NPDES permits.  There are no storm water permits in the Long 

Prairie River watershed. 

 

 

12.2.1 Existing Point Sources 

 

Two alternatives were investigated to resolve water quality problems associated with the existing 

point sources: improved treatment and restricting discharges to periods of higher flows to 

provide more dilution.  

 

Low-flow conditions occurring in the spring were found to be critical for existing point sources 

because the municipal WWTFs rely on stabilization ponds, which have relatively high NH3-N 

concentrations following the cold winter season.  It was determined that one municipal WWTFs 

can discharge safely with current effluent quality under the critical spring 7-day, 10-year low 

flow (7Q10).  The one municipal facility is Long Prairie’s new domestic wastewater-only facility 

(currently under construction).  The Long Prairie Superfund site can also discharge safely under 

the spring 7Q10. 

 

For the Carlos WWTF, it was found that ammonia toxicity could be prevented by restricting 

spring discharge to periods of higher flow in the Long Prairie River.  The minimum in-stream 

flow for Carlos’s safe discharge was determined to be 3.87 cubic feet per second (cfs) in the 

Long Prairie River at Highway 29.  Alternatively, a substantial reduction in Carlos’s spring-
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season effluent NH3-N concentration would be required to enable discharge at the spring 7Q10.  

This would entail an advanced mechanical facility providing nitrification. 

 

For the Eagle Bend and Clarissa WWTFs, it was also found that restricting spring discharge to 

periods of higher receiving water flow could prevent ammonia toxicity in Eagle Creek.  For safe 

discharge from Eagle Bend and Clarissa, the minimum flow in Eagle Creek was found to be 2.75  

cfs at the modeled headwater location (approximately 0.5 mile upstream from the Eagle Bend 

WWTF).  It is emphasized that the in-stream flow restriction for Eagle Bend and Clarissa is for 

the protection of Eagle Creek, not the Long Prairie River.  Eagle Creek is not currently on the 

water quality non-attainment list for ammonia toxicity (or for DO), but further investigation of 

Eagle Creek is warranted.  As for Carlos, an alternative to in-stream flow restrictions for Eagle 

Bend and Clarissa could be advanced mechanical plants that provide nitrification. 

 
To prevent DO violations in the Long Prairie River, the Long Prairie WWTF’s discharges SD-

001 (industrial) and SD-002 (soon to be industrial-only) were found to require large load 

reductions that will entail continuously discharging mechanical plants with advanced capabilities 

for providing a high degree of nitrification.  Modeling at 7Q10 and 30Q10 conditions indicated 

that the spring-season loadings of oxygen-demanding pollutants from the combined discharges 

of the Long Prairie WWTF must be reduced by 92% relative to the maximum loading rates now 

permitted.  These reductions assume that the loading from Long Prairie discharge SD-003 is in 

accordance with its latest existing permit (which applies to the mechanical system now in 

construction) and Browerville’s spring discharge flows are restricted.  The load reduction for the 

Browerville WWTF’s spring discharge is nominal because this facility actually discharges in the 

fall only, not in the spring.  An alternative approach would be to redistribute the allowable 

loadings developed here for discharges SD-001, SD-002, and SD-003 so as to relax the effluent 

limits for SD-001 and SD-002 while further restricting the limits for SD-003.  The discharge 

locations could also be varied.  In the TMDL modeling, the location for the combined discharges 

SD-001 and SD-002 (termed discharge SD-004) was assumed the same as for the existing 

discharge SD-002, some 2 miles upstream from SD-003.  However, modeling with all Long 

Prairie WWTF discharges at one location (that of discharge SD-003) produced in-stream water 

quality results comparable to those for the TMDL scenario.  Another alternative that could be 
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investigated for the Long Prairie WWTF is a discharge scenario where the effluent flow rate 

would be dependent on the stream flow rate.  This would allow the Long Prairie WWTF to 

discharge at higher effluent concentrations, but would require storage of effluent during low flow 

periods. 

 

The Browerville WWTF actually does not discharge in the spring but discharges in the fall only.  

By restricting Browerville’s WWTF spring discharge rate from the ponds, the Long Prairie Load 

reductions can be achieved with available nitrogen removal technology without severely limiting 

Browerville’s typical operations or future capacity.  Browerville's spring NH3-N loading rate is 

modeled to represent a restricted discharge rate of 0.335cfs, equal to half of Browerville's 1999-

2001 maximum annual wastewater volume discharged at a constant rate over 75 days, and the 

existing typical spring effluent concentration of 5.8 mg/L.  

 

 

12.2.2 Prospects for Additional Point Sources 

 

The recently formed Central Lakes Region Sanitary District has raised questions concerning the 

potential for adding new point sources to the Long Prairie River.  The district is considering 

wastewater treatment options for an area that extends near the river’s headwaters.  A new 

municipal WWTF discharging into the upper Long Prairie River has been among the options 

under consideration.  The TMDL modeling did not include such an additional point source on 

the upper river, but this does not preclude the possibility.  For example, a new continuously 

discharging mechanical plant with sufficiently high effluent quality to meet in-stream DO and 

ammonia standards under spring 7Q10 conditions, could conceivably provide additional dilution 

for the Carlos WWTF so that it could discharge in the spring with a lower natural in-stream flow 

than required under the present scenario.  Or, a new facility could take Carlos’ wastewater, 

ultimately discharging it as part of a larger, higher-quality effluent.  A proposed new point 

source would need to be modeled with specific effluent characteristics in order to explore 

whether the upper river has adequate reserve capacity to accommodate the additional source 

while falling within the unallocated oxygen demand loadings specified in Table 11-2.   
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12.3 NON-POINT SOURCES 

 

The discussion of non-point sources is divided into two broad subject areas.  First is the Carlos 

reach, where DO violations have been observed under moderate to high flow regimes.  Second is 

the watershed taken in general and as a whole, wherein agricultural land use is the predominant 

concern with regard to non-point sources of pollutants. 

 

 

12.3.1 The Carlos Reach 

 

Approximately four river miles long, the Carlos reach extends from Highway 29, some 2.5 miles 

downstream from the Carlos outlet dam, to County Road 65.  Monitoring conducted in this study 

and in previous studies by the Todd SWCD has revealed DO concentrations below 5 mg/L in the 

Carlos reach in the absence of discharging point sources and under relatively high flow 

conditions (e.g., 100 cfs).  Lingering effects from a former point source, Carlos’s abandoned 

wastewater stabilization pond, were initially suspected as the cause of these DO violations.  

However, one of the major findings of the TMDL study is that the Carlos reach DO violations 

primarily result from natural interaction with the riparian wetland that is a prominent feature of 

the upper Long Prairie River.  In recent investigations, MPCA staff have found similar DO 

violations in headwater reaches of the Ottertail and Mississippi rivers, also with riparian 

wetlands prominent and pollutant sources absent.  The apparent mechanism is sediment oxygen 

demand occurring over large riparian wetland areas that exchange flow with the main channel. 

 

It is plausible that lingering effects of Carlos’s abandoned stabilization pond do contribute in 

some small measure to the Carlos reach DO violations.  Before the City of Carlos replaced its 

now-abandoned pond, all wastewater that entered it evidently seeped out of it, as the pond 

reportedly never discharged to the river directly.  A remnant plume of polluted groundwater 

between the abandoned pond and the river channel may still exist.  However, such a plume’s 

volume rate of discharge into the river must be extremely small because the plume width would 

be on the order of one tenth of a mile, and groundwater discharge to the river is on the order of 1 
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cfs per mile (or 0.5 cfs per mile from each side of the river).  Water quality monitoring results for 

the Carlos reach have confirmed that the impacts from such a plume cannot be large, as the 

results failed to indicate substantial upstream-to-downstream increases in oxygen-demanding 

pollutant concentrations. 

 

Load reduction alternatives for the Carlos reach pollutant sources discussed above could be 

contemplated, but it appears unreasonable to pursue these alternatives.  Isolating the riparian 

wetland from the channel throughout the Carlos reach would presumably increase river DO 

concentrations but would severely disrupt the natural ecological characteristics of the reach.  

Excavating Carlos’s abandoned stabilization pond, implementing a groundwater pumpout 

scheme between the pond and the river, or other remedial actions in the old pond’s locale could 

be considered; however, these actions would yield virtually no water quality improvement in the 

Long Prairie River while incurring large costs.  The TMDL study results do not support the 

pursuit of any of the above alternatives. 

 

 

12.3.2 Non-point Sources in the Watershed Generally 

 

Because Lake Carlos’s water quality is very good, the TMDL study considered non-point 

sources only in the portion of the Long Prairie River watershed that is downstream from the 

Lake Carlos outlet.  This portion of the watershed encompasses some 650 square miles.  For the 

present discussion, the terms “Long Prairie River watershed” and “the watershed” will actually 

refer to this 650-square mile drainage area downstream from Lake Carlos. 

 

The predominant land use in the Long Prairie River watershed is agricultural, with cropland 

representing over 40% of the watershed.  Grassland accounts for some 20% more of the 

watershed, and a portion of this grassland is used for pasture.  Only 3% of the watershed is in 

urban use.  Therefore, non-point pollutant sources in the Long Prairie River watershed are 

mainly agricultural. 
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Non-point sources include runoff from cropland (major land use) and from urban and other 

developed areas (minor).  The main crops are potatoes, corn, soybeans, and alfalfa.  

Subwatersheds that exhibit high pollutant export have been identified in this study through 

modeling based on agricultural practices, topography, soil characteristics, climatology, and other 

factors.  Non-point sources also include many small livestock operations in addition to the 

above-mentioned CAFOs.  Sediment oxygen demand (SOD) in the channel of the Long Prairie 

River is accounted as a non-point source as well.  SOD results from the deposition in the river 

channel of particulate organic matter originating from point and non-point sources and from 

decaying in-channel plant biomass.  SOD also occurs naturally in wetlands.   

 

Non-point source load reduction alternatives for the watershed include a variety of soil 

conservation measures.  Buffer strips, grassed waterways, contour plowing, terracing, 

conservation tillage, crop residue management, animal waste management, and maintenance of 

lands in the Conservation Reserve Program (CRP) are examples of such measures.  The US 

Department of Agriculture and local agencies such as the Todd SWCD work to promote the 

implementation of best management practices (BMPs) such as these.  The Todd SWCD has had 

a good deal of success in fostering BMPs implementation in the Long Prairie River watershed.  

However, because implementation of BMPs on agricultural lands is accomplished on a voluntary 

basis, is very important that strong programs for promoting and implementing BMPs continue 

into the future. 
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12.4 RECOMMENDATIONS 

 

This study has led to the following recommendations for pollutant load reductions in the Long 

Prairie River watershed: 

 

1. Restrict the spring-season discharge from the Carlos WWTF to periods when flow in the 

Long Prairie River is at least 3.87 cfs at the Highway 29 bridge. 

2. To the extent feasible, restrict spring-season discharge from the Eagle Bend and Clarissa 

WWTFs to periods when the flow in Eagle Creek is at least 2.75 cfs at the modeled 

headwater location, approximately 0.5 mile upstream from the Eagle Bend WWTF.  In 

addition, investigate DO and ammonia toxicity issues more fully in Eagle Creek. 

3. Implement a mechanical, continuous-discharge, advanced wastewater treatment facility 

(or facilities) for the Long Prairie WWTF’s two industrial wastewater systems.  On a 

daily load basis, the required overall load reductions for the Long Prairie WWTF are 

93% for NBOD and 81% for CBOD.   

4. If a new municipal WWTF is proposed to discharge into the upper Long Prairie River, 

perform modeling to investigate whether the upper river has adequate reserve capacity to 

accommodate the additional source.  Any new point source on the upper river would have 

to produce an extremely high-quality effluent, the load being constrained by the relevant 

reach’s unallocated capacity. 

5. Continue to promote and implement best management practices on agricultural land 

throughout the Long Prairie River watershed, targeting sub-watersheds with high 

nonpoint source loading potential as identified by the SWAT model. 

6. Continue water quality monitoring to evaluate the effectiveness of TMDL implementation. 
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13.0   Public Participation 

 

13.1 INTRODUCTION 

 

The Long Prairie River has been identified as an “impaired water” under the Clean Water Act.  

Parts of the Long Prairie River do not meet the water quality standard for dissolved oxygen.  

This means that the Minnesota Pollution Control Agency (MPCA) is required to develop “load 

allocations” for the river to make sure that the pollution is adequately assimilated and diluted.  

Load allocation is the amount of pollution that a particular discharger will be allowed to put into 

the river. 

 

As part of the strategy to achieve successful response and implementation of the necessary 

allocations, the MPCA seeks public engagement and participation regarding their concerns, 

hopes, and questions regarding the Total Maximum Daily Load (TMDL) program.  Specifically, 

for the Long Prairie TMDL, public meetings were held at: 

• Browerville Community Center, May 22, 2003 (Todd County) 

• Carlos Community Center, June 12, 2003 (Douglas County) 

 

Subsequent to the public meetings, two parties requested contested case hearings.  The 

Alexandria Lake Area Sanitary District and the Central Lakes Region Sanitary District both 

requested contested case hearings in August 2003.  However, the two sanitary districts ultimately 

withdrew their requests in April-May 2005. 

 

Appendix H contains the public participation documentation, including the contested case 

hearing correspondence. 



 

13.2 PUBLICITY AND PROMOTION OF EVENT 

 

Publicity for each public meeting was coordinated by MPCA staff, the Todd County Soil and 

Water Conservation District, Douglas County Water Planner and the Initiative Foundation. 

 

Direct invitations to the event were mailed to approximately 135 stakeholders, including elected 

officials, representatives of NPDES permit holders, trade associations, and other opinion leaders 

within the watershed.  In addition, public service announcements were distributed to all local 

newspapers and commercial radio stations. 

 

 

13.3 FORMAT AND STRUCTURE OF PUBLIC MEETINGS 

 

Both meetings began with welcoming comments from local representatives of the host County, 

followed by brief introductions of key personnel.  The consulting firm of Wenck Associates, 

Inc., with its partner FTN Associates, Ltd., made a PowerPoint presentation on the chemical and 

biological evaluations that have previously been conducted on the Long Prairie River, followed 

by their recommendations on an allocation strategy.  Following question/answers from the 

audience, participants were divided into small groups (of 8-12 members each) to encourage 

facilitated input directed by questions developed by the design team.   

 

 

13.4 ATTENDANCE 

 

Thirty-two people attended the meeting in Browerville and forty people attended the meeting in 

Carlos. 
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14.0   Reasonable Assurances 

14.1 POINT SOURCES 

 

The wastewater facilities on the Long Prairie River are in various stages of upgrading.  The 

Implementation Committee members and staff from the MPCA will be working with the 

wastewater operators to bring their discharges into compliance with the waste load allocations in 

the TMDL, through the permitting process.  It is anticipated that it may take more than one 

permit cycle (1 permit cycle is five years) to reach compliance with the waste load allocation. 

 

 

14.2 NON-POINT SOURCES 

 

The main goal of the implementation phase is to use certain BMP’s in priority watersheds 

targeted by the SWAT model.  These BMP’s which appear in Minnesota’s list of approved 

BMP’s for agriculture, include manure management, contour cropping, grassed waterways, 

riparian buffer strips, nutrient management and conservation tillage.  This will be an extension of 

the BMP work that is currently being done in the watershed using  Clean Water Partnership grant 

and loan dollars.  The Implementation Committee members and staff from the MPCA will be 

working with the watershed county Soil and Water Conservation District staff and other 

appropriate partners. 
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14.3 FOLLOW-UP MONITORING 

 

Monitoring, an important component of the TMDL process, helps to determine whether allocated 

loads and waste loads have improved water quality.  Monitoring will continue after BMP’s and 

point source permits are implemented until September 2005.  At that time the monitoring plan 

will be re-evaluated. 

 

Sampling locations will be at the beginning and end of the listed reaches as well as the mouths of 

the main tributaries to assess the pollutant loads each is carrying.  Sampling will also be 

conducted at the confluence of the Long Prairie River with the Crow Wing River to measure the 

cumulative effect of all sources entering the river.  The major objectives of the sampling will be 

to monitor DO, flow,  and sources and loadings of CBOD, NH3-N, and other nutrients. 

 

Wastewater facility permits will include a monitoring schedule consisting of frequent (weekly or 

biweekly) sampling for pH, temperature, and NH3-N. 
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Table 2-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project:  Final Project Report

Summary of 303(d) Listing of Impaired River Reaches in the Study Area

Waterbody Reach
Assessment 

Unit ID
Year First 

Listed Affected Use Impairment
Pollutants Addressed in this     

TMDL Study
Long Prairie River Fish Trap Ck to 

Crow Wing R   
07010108-501 1994 Aquatic life Low DO     Oxygen-demanding substances

Long Prairie River Moran Ck to    
Fish Trap Ck

07010108-502 2002 Aquatic life Low DO Oxygen-demanding substances

Long Prairie River Turtle Ck to   
Moran Ck

07010108-503 2004 Aquatic life Low DO Oxygen-demanding substances

Long Prairie River Eagle Ck to   
Turtle Ck

07010108-504 2002 Aquatic life Low DO     
Fish IBI

Oxygen-demanding substances    
Ammonia toxicity

Long Prairie River Spruce Ck to 
Eagle Ck

07010108-505 2004 Aquatic life Low DO     
Fish IBI

Oxygen-demanding substances    
Ammonia toxicity

Long Prairie River L Carlos to     
Spruce Ck

07010108-506 2002 Aquatic life Low DO     
Fish IBI

Oxygen-demanding substances    
Ammonia toxicity

Eagle Creek Headwaters to 
Long Prairie R

07010108-507 2002 Aquatic life Fish IBI Ammonia toxicity

Notes:
     Year first listed refers to low DO impairment (except for Eagle Creek, 07010108-507, listed in 2002 for biotic impairment).
     Reaches 07010108-501 through -506 (Long Prairie River main stem) were listed in 1998 for mercury Fish Consumption
           Advisory [not considered in this TMDL study].
     IBI = Index of Biotic Integrity (new designation in 2004).  Listed in 2002 for biotic impairment.
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Table 4-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Known Point Source Inventory

Facility Name
NPDES Permit 

Number Discharge Description

Alexandria Lake Area Sanitary District MN0040738 SD-010 Discharges into the Lake Carlos chain of lakes
SD-001 Total Facility Discharge of Effluent to Surface Water
SD-002 Bypass
SD-001 Industrial Discharge, serving Central By-Products SC, of Effluent to Surface Water
SD-002 Combined domestic and industrial Discharge of Effluent to Surface Water
SD-003 Domestic Discharge of Effluent to Surface Water
SD-005 Discharge of drain-tile under holding pond #3 to catch groundwater, not treated.

City of Browerville WWTF MN0022926 SD-001 Total Facility Discharge of Effluent to Surface Water
City of Clarissa WWTF MNG580008 SD-001 Total Facility Discharge of Effluent to Surface Water

SD-001 Facility Lift Station Bypass Discharge of Effluent to Surface Water
SD-002 Total Facility Discharge of Effluent to Surface Water
SD-010 Existing facility
SD-020 Overflow
SD-030 (proposed facility to replace SD-010 when operational)

Long Prairie Superfund Site MND980904072 --- Discharges treated groundwater into the Long Prairie River at Long Prairie

Long Prairie Packing, Long Prairie In process --- No discharge to surface water.  Location T129 R33 S17 (main stem subwatershed).

Source:  MPCA and Todd SWCD

MN0023248

City of Long Prairie WWTF

MN0024155City of Miltona WWTF

MN0020303

Jennie-O Turkey Store - Toddco Blue MNG440238

No discharge to surface water.  Location T129 R33 S33 (Turtle Creek subwatershed).   
945 dairy cattle (1323 AU).

No discharge to surface water.  Location T131 R34 S2 (Eagle Creek subwatershed).   
80,000 turkeys over 5 pounds (1440 AU).

Jennie-O Turkey Store - Toddco Green MNG440235

Ridgeway Enterprises

Former meat packing plant, Carlos ---

Steve Woge MNG440181

Continuous Discharge of Effluent to Surface Water (proposed facility to replace Domestic 
Pond Discharge when operational)

Opened in 1858; installation of sanitary sewer in 1968 indicates that high-oxygen demand 
effluent from the plant may have discharged to wetland for 110 years.

Municipal Waste Water Treatment Facilities (WWTFs):

Treated Groundwater Discharge:

City of Carlos WWTF MNG580005

MN0066079City of Long Prairie WWTF

City of Eagle Bend WWTF

Potential Source:

SD-001

MNG440407

---

---

---

---

---

Confined Animal Feedlot Operations (CAFOs):

No discharge to surface water.  Location T130 R33 S6 (Eagle Creek subwatershed).   
55,575 turkeys over 5 pounds; 58,500 turkeys under 5 pounds (1292.85 AU).

No discharge to surface water.  Location T131 R34 S36 (Eagle Creek subwatershed).   
69,600 turkeys over 5 pounds (1252.8 AU).
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Table 4-2

MPCA Long Prairie River Watershed TMDL Final Project Report

NPDES Permit Limits  for Point Source Discharges to the Long Prairie River

Design Parameters Permit Limits (Monitoring required 2 time per week, grab sample.  Flow monitored daily)

Site
Outfall 
Description

Acceptable 
Discharge 
Period 1

Acceptable 
Discharge 
Period 2

Influent 
Flow 
(gpd)

Outflow 
(GPD)

Influent 
CBOD 
(mg/L)

BOD (mg/L) 
Calendar 

month 
average

Fecal 
Coliform (# 
per 100 ml) 
Calendar 

month 
geometric 

mean

TSS (mg/L) 
calendar 
month 

average
Max pH 
(S.U.)

Min pH 
(S.U.)

Chloride, 
Total (mg/L) Total P

Oil & 
Grease 
(mg/L) 

Calendar 
month 

average

Specific 
Conductance 

(umh/cm)

Nitrogen, 
Ammonia, 

Total (as N)
ALASD

Long Prairie- 
Serving 
Central Bi-
Products SC

SD-001:  
Industrial 
Discharge April 1 - June 30

September 1 - 
December 15 313,000 100,000 3662 25 200 45 9.0 6.0 --- Monitor Only 10 --- Monitor Only

SD-005:  
Draintile under 
holding pond #3 
to catch 
groundwater, 
not treated. --- --- --- --- Monitor Only --- --- --- Monitor Only --- --- Monitor Only ---

Long Prairie- 
Serving 
Domesting 
and Industrial

SD-002: 
Combined 
domestic and 
industrial 
effluent 400,000 400,000 1738 25 200 45 9.0 6.0 --- Monitor Only --- --- Monitor Only

SD-003: 
Domestic facility 
eflfuent (1) 281,660 281,660 235 25 200 45 9.0 6.0 --- Monitor Only --- --- Monitor Only

Browerville 
SD-001

Effluent to 
Surface Water April 1 - June 30

September 1 - 
December 15 386,000 829 25 200 45 Monitor Only

Monitor 
Only --- --- --- --- ---

Carlos and 
Clarissa

SD-001: Facility 
discharge to 
surface water April 1 - June 30

September 1 - 
December 15 0 25 200 45 9.0 6.0 --- Monitor Only --- ---                       ---

Carlos and 
Clarissa

SD-002:  
Bypass 0 Monitor only Monitor only Monitor only --- --- --- --- --- --- ---

Eagle Bend SD:010 April 1 - June 30
September 1 - 
December 15 85,000 380 25 200 45 --- --- --- --- --- --- ---
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Table 4-2

MPCA Long Prairie River Watershed TMDL Final Project Report

NPDES Permit Limits  for Point Source Discharges to the Long Prairie River

Design Parameters Permit Limits (Monitoring required 2 time per week, grab sample.  Flow monitored daily)

Site
Outfall 
Description

Acceptable 
Discharge 
Period 1

Acceptable 
Discharge 
Period 2

Influent 
Flow 
(gpd)

Outflow 
(GPD)

Influent 
CBOD 
(mg/L)

BOD (mg/L) 
Calendar 

month 
average

Fecal 
Coliform (# 
per 100 ml) 
Calendar 

month 
geometric 

mean

TSS (mg/L) 
calendar 
month 

average
Max pH 
(S.U.)

Min pH 
(S.U.)

Chloride, 
Total (mg/L) Total P

Oil & 
Grease 
(mg/L) 

Calendar 
month 

average

Specific 
Conductance 

(umh/cm)

Nitrogen, 
Ammonia, 

Total (as N)

Miltona
SD:010 Existing 

facility April 1 - June 30
September 1 - 
December 15 40,000 400 40 200 45

SD:020 
Overflow 0

(to replace 
SD:010 when 
operational)

SD:030 
(proposed 

facility) 40,000 195
Note:  Acceptable range for pH for all discharges:   6<n<9

(1)  Lists present conditions, future conditions listed below:

Future Conditions Design Parameters Permit Limits

Site
Outfall 
Description Discharge

Dry-Weather 
Design Flow 

(MGD)

Wet-
Weather 
Design 
Flow 

(MGD)

Influent 
CBOD5 

(mg/L) Parameter:

CBOD5 

(mg/L) 
Calendar 

Month 
Average

Fecal 
Coliform (# 
per 100 ml) 
Calendar 

Month 
Geometric 

Mean

TSS (mg/L) 
Calendar 

Month 
Average

 DO (mg/L) 
Calendar 

Month 
Minimum

Chlorine, 
Total 

Residual 
(mg/L)  
Daily 

Maximu
m

Total P 
(mg/L)              

12 Month 
Average

Nitrogen, 
Ammonia, 
Total as N 

(mg/L)          
Calendar 

Month 
Average

Long Prairie

SD-001 
(formerly SD-
003) Continuous 0.566 0.923 538

Sample 
Type:

24-hour 
composite Grab

24-hour 
composite Grab Grab

24-hour 
composite

24-hour 
composite

Frequency:
Weekly, Jan. 

to Dec.
Weekly, April 

to Oct.
Weekly, Jan. 

to Dec.
Daily, Jan. 

to Dec.

Daily, 
Jan. to 

Dec.
Weekly, Jan. 

to Dec.
Weekly June 

to Sept.
Limit: 15 200 30 6.0 0.038 1.0 16
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Table 5-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project: Final Report

Monitoring Station Location and Inventory

TMDL Site 
Name River Mile Site Type CWP SITE NAME LOCATION/ DESCRIPTION Other Names Used

LPR 89.9 89.9 Main Stem Site 9
Long Prairie River before Carlos T129N R37W 
S14 SE 1/4 SW 1/4  L.P. River Before Carlos

87.5 NOT USED
Bridge between 9 & 10 (not safe or accessible, 
rail road bridge only)

LPR 85.5 85.5 Main Stem Site 10

Long Prairie River After Carlos T129N R36W S6 
NW1/4 SW1/4.   County Highway HWY 65, 
Upstream Side of Culverts.  (HWY 65 becomes 
HWY 13 as you head south) L.P. River After Carlos

LPR 83.1 83.1 Main Stem
Douglas, Cty Rd 3, Bell 
River 8/9

Cty Rd 3 Just after Site 10, upstream of Spruce 
Creek  

T LPR 80.9 80.9 Tributary Site 12, Spruce Creek
Spruce Creek at Hwy 5                   T130N 
R36W S33 Spruce Creek

LPR 79.4 79.4 Main Stem
Cty Rd 3 Belle River  
11/14

Cty Rd 3 Bridge downstream of Spruce cr (too 
deep to gauge and not a safe stop)

LPR 76.7 76.7 Main Stem
Cty Rd 3 Belle River  
14/23

Cty Rd 3 Bridge, second crossing downstream 
of Spruce Creek

T LPR 73.3 73.3 Tributary Site 13, Dismal Creek
  Dismal Creek at HWY 5                     T130N 
R35W S33 Dismal Creek

LPR 72.6 72.6 Main Stem Old Site 1 (used 1997) County Road 1

LPR 67.0 67 Main Stem Site 1, Deibele's

Cty Rd 69 South and West of Clotho                    
Long Prairie River near Clotho T129N R35W 
S10 NE 1/4SE1/4 Clotho

LPR 56.0 56 Main Stem Site 6
Long Prairie River and HWY 11                            
T129N R34W S9 NE1/4 SE1/4

Long Prairie at CR-11, LP11, 
LPR-55

LRP 49.3 49.3 Main Stem Byer, TMDL SITE 1 1/2 Mile west of Long Prairie on Cty Rd 38 byer, MPCA 143

LPR 47.8 47.8 Main Stem Site 7

Long Prairie River at Riverside Drive in Long 
Prairie                T129 N R33W S20 
NE1/4NW1/4

USGS site no. 05245100, 
LPLP, Hwy 71 LP (MPCA)

LPR 47.2 47.2 Main Stem
Superfund, TMDL Site 
2 Middle of Long Prairie behind WWTP zinter, MPCA 145

LPR 42.2 42.2 Main Stem Zinter, TMDL Site 3
1 mile downstream of WWTP discharge.  NE qtr 
of NE qtr of Section 5 Long Prairie Township superfund, MPCA 144

LPR 38.5 38.5 Main Stem Site 11
Jasmine Rd.                                  T130N R33W 
S20 SE 1/4 SE 1/4 Hoelkers, CR 90 (MPCA)

LPR 34.2 34.2 Main Stem Site 5
Cty Hwy 14                                      T130N 
R33W S9 NW 1/4 SW1/4 Long Prairie at CR-14, LP14

TLPR 33.6 33.6 Tributary Site 4, Eagle Creek T130N R33W S5 SE 1/4 SW 1/4 Eagle
LPR 30.8 30.8 Main Stem Horseshoe Bridge Lagos Road, Bridge before Sta 15 CR 79/62 (MPCA)

LPR 26.1 26.1 Main Stem DNR Boat Access
Intermediate farm road on RD Offutt Property 
(Time of travel sampling point)

LPR 21.1 21.1 Main Stem Site 15
Long Prairie River at Oak Ridge Road  T131N 
R33W S2 (no gauging possible here) Tyrell's

T LPR 20.8 20.8 Tributary Site 3, Turtle Creek T131N R32W S6 SW 1/4SW1/4 Turtle Creek
LPR 18.2 18.2 Main Stem Paskewitz Bridge after 15, 400th Street

T LPR 15.8 15.8 Tributary Site 8, Moran Creek T132N R33W S16 SE1/4 SE1/4 Moran
LPR 15.3 15.3 Main Stem Cty Rd 26 1/2 way between site 15 and Cty 7  
LPR 11.8 11.8 Main Stem Cty Rd 7 Before Philbrook  

T LPR 10.3 10.3 Tributary
Site 14, Fish Trap 
Creek Fish Trap Creek at Quicken Road Fish Trap Creek

LPR 9.2 9.2 Main Stem Site 2
Long Prairie River at Philbrook  T133N R32W 
S33 NE 1/4 SE 1/4 Philbrook

LPR 3.2 3.2 Main Stem LPR-3
L. P. River Bridge on US-10 South of Motley, 
Morrison County MPCA Station
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Table 6-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Summary of Work Performed During Three Synoptic Surveys

August 20-24, and September 10-11, 
2001 September 20-24, 2001 February 7-8, 2002
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TMDL Site 
Name Site Type CWP SITE NAME

LPR 89.9 Main Stem Site 9 X X X X X X X X X X X

NOT USED

LPR 85.5 Main Stem Site 10 X X X I X X X X X X X

LPR 83.1 Main Stem
Douglas, Cty Rd 3, Bell River 
8/9 X X X X X X X X I X X

T LPR 80.9 Tributary Site 12, Spruce Creek X X X X X X X no flow X

LPR 79.4 Main Stem Cty Rd 3 Belle River  11/14 X X X

LPR 76.7 Main Stem Cty Rd 3 Belle River  14/23 X X X X X X X X X X X

T LPR 73.3 Tributary Site 13, Dismal Creek X X X X X no flow no flow X

LPR 72.6 Main Stem Old Site 1 (used 1997) X X

LPR 67.0 Main Stem Site 1, Deibele's X X X X X X X X X X

LPR 56.0 Main Stem Site 6 X X X X X X X X X

LRP 49.3 Main Stem Byer, TMDL SITE 1 X

LPR 47.8 Main Stem Site 7 X X X X X X X I X X X

LPR 47.2 Main Stem Superfund, TMDL Site 2 X X

LPR 42.2 Main Stem Zinter, TMDL Site 3 X X X X

LPR 38.5 Main Stem Site 11 X X X X I X X X X X X X

LPR 34.2 Main Stem Site 5 X X X X X X X X X X X X

TLPR 33.6 Tributary Site 4, Eagle Creek X X X X X X X X X X

LPR 30.8 Main Stem Horseshoe Bridge X X X X I X X X X X X X

LPR 26.1 Main Stem DNR Boat Access X X X X
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Table 6-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Summary of Work Performed During Three Synoptic Surveys

August 20-24, and September 10-11, 
2001 September 20-24, 2001 February 7-8, 2002
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TMDL Site 
Name Site Type CWP SITE NAME

LPR 21.1 Main Stem Site 15 X X X X X X X X X

T LPR 20.8 Tributary Site 3, Turtle Creek X X X X X X X X X X

LPR 18.2 Main Stem Paskewitz X X X X X X X X X X X X

T LPR 15.8 Tributary Site 8, Moran Creek X X X X X X X X X X

LPR 15.3 Main Stem Cty Rd 26 X X X X X X X X X X

LPR 11.8 Main Stem Cty Rd 7 X X X X X X X

T LPR 10.3 Tributary Site 14, Fish Trap Creek X X X X X X X X X X

LPR 9.2 Main Stem Site 2 X X X X X X X X X

LPR 3.2 Main Stem LPR-3 X X X X X X X X X X

SD002 and 
SD003 Point Source

Long Prairie WWTP (SD002: 
WWTP lagoons discharge, SD003: 

combined Long Prairie and Central Bi-
Products outfall ) x

SD 47.8 Point Source Superfund, TMDL Site 2 x
22 22 24 22 8 2 25 24 18 10 2 20 16 26 1

Monitoring:
In- Situ-  DO, temperature, conductivity, and pH
Water Quality- Sample for lab analysis
Physical- Cross Sections, etc.
Flow- measure
Dye Test- travel time measurements, I= injection, X= sample
Continuous- continuous in-situ records
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Table 6-2

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Point Sources Discharging During Synoptic Survey 2
 Conducted September 24-25, 2001

(Source:  MPCA Discharge Monitoring Reports)

Eagle Bend Discharge Began 9/10/01 Prior to Synoptic Survey 2

Site Date
Effluent 

Flow Effluent Flow CBOD5 CBOD5 TSS TSS TP TP
(MGD) (cfs) lb/day (mg/L) lb/day (mg/L) lb/day (mg/L)

Eagle Bend 9/10/01 6.4 41 ---
Eagle Bend 9/18/01 0.651 1.01 16 3 11 2 ---
Eagle Bend 9/19/01 0.651 1.01 27 5 16 3 ---
Eagle Bend 9/20/01 0.651 1.01 --- --- ---
Eagle Bend 9/21/01 0.651 1.01 --- --- ---
Eagle Bend 9/22/01 0.651 1.01 --- --- ---
Eagle Bend 9/23/01 0.651 1.01 --- --- ---
Eagle Bend 9/24/01 0.651 1.01 --- --- ---

Long Prairie WWTP Discharge 010 Began 9/13/01 Prior to Synoptic Survey 2

Site Date
Effluent 

Flow Effluent Flow CBOD5 CBOD5 TSS TSS TP TP
(MGD) (cfs) lb/day (mg/L) lb/day (mg/L) lb/day (mg/L)

LPWW 10 9/4/01 15 36 7
LPWW 10 9/13/01 0.857 1.33 114 16 350 49 57 8
LPWW 10 9/14/01 0.857 1.33 100 14 329 46 114 16
LPWW 10 9/15/01 0.857 1.33 --- --- ---
LPWW 10 9/16/01 0.857 1.33 --- --- ---
LPWW 10 9/17/01 0.857 1.33 143 20 415 58 98 14
LPWW 10 9/18/01 0.857 1.33 79 11 358 50 109 15
LPWW 10 9/19/01 0.857 1.33 --- --- ---

Long Prairie WWTP Discharge 020 Began 9/12/01 Prior to Synoptic Survey 2

Site Date
Effluent 

Flow Effluent Flow CBOD5 CBOD5 TSS TSS TP TP
(MGD) (cfs) lb/day (mg/L) lb/day (mg/L) lb/day (mg/L)

LPWW 20 9/21/01 1.75 2.71 --- --- ---
LPWW 20 9/22/01 1.75 2.71 --- --- ---
LPWW 20 9/23/01 1.75 2.71 --- --- ---
LPWW 20 9/24/01 1.75 2.71 58 4 88 6 95 6.50
LPWW 20 9/25/01 1.75 2.71 29 2 161 11 88 6.04
LPWW 20 9/26/01 1.75 2.71 --- --- ---
LPWW 20 9/27/01 1.75 2.71 --- --- ---
LPWW 20 9/28/01 1.75 2.71 --- --- ---
LPWW 20 9/29/01 1.75 2.71 --- --- ---
LPWW 20 9/30/01 1.75 2.71 --- --- ---
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Table 6-2

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Point Sources Discharging During Synoptic Survey 2
 Conducted September 24-25, 2001

(Source:  MPCA Discharge Monitoring Reports)

Long Prairie WWTP Discharge 030 Began 9/12/01 Prior to Synoptic Survey 2

Site Date
Effluent 

Flow Effluent Flow CBOD5 CBOD5 TSS TSS TP TP
(MGD) (cfs) lb/day (mg/L) lb/day (mg/L) lb/day (mg/L)

LPWW 30 9/4/01 --- --- 12 27 1.3
LPWW 30 9/12/01 2.24 3.47 112 6 224 12 19 1.0
LPWW 30 9/13/01 2.24 3.47 112 6 224 12 26 1.4
LPWW 30 9/14/01 2.24 3.47 --- --- ---
LPWW 30 9/15/01 2.24 3.47 --- --- ---
LPWW 30 9/16/01 2.24 3.47 --- --- ---
LPWW 30 9/17/01 2.24 3.47 93 5 336 18 67 3.6
LPWW 30 9/18/01 2.24 3.47 150 8 355 19 80 4.3
LPWW 30 9/19/01 2.24 3.47 --- --- ---

Long Prairie WWTP Discharge 030 Began 9/12/01 Prior to Synoptic Survey 2 (continued)
Site Date Effluent Flow Effluent Flow CBOD5 CBOD5 TSS TSS TP TP

(MGD) (cfs) lb/day (mg/L) lb/day (mg/L) lb/day (mg/L)
LPWW 30 9/20/01 2.24 3.47 --- --- ---
LPWW 30 9/21/01 2.24 3.47 --- --- ---
LPWW 30 9/22/01 2.24 3.47 --- --- ---
LPWW 30 9/23/01 2.24 3.47 --- --- ---
LPWW 30 9/24/01 2.24 3.47 75 4 243 13 65 3.5
LPWW 30 9/25/01 2.24 3.47 93 5 243 13 73 3.9

Long Prairie Superfund Site Discharges Continuously 
(discharge estimated from system operation plan, concentrations from Synoptic Suryve 2)

Site Date

Estimated 
Effluent 

Flow CBOD5 CBOD5 TSS TSS TP TP
(cfs) lb/day (mg/L) lb/day (mg/L) lb/day (mg/L)

Superfund Site 9/24/01 0.7 3.6 1 3.6 1 0.4 <0.2
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Table 6-3

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project:  Phase II

River Sediment and Macrophyte Data

TMDL Site 
Name Site Type CWP SITE NAME SEDIMENT DESCRIPTION Macrophytes Observed

LPR 89.9 Main Stem Site 9
Medium to coarse sand, 
gravel, assorted colors

90% cattail downstream; some 
oak, elm, boxelder upstream; 
green filamentous algae in 
water

NOT USED --- ---

LPR 85.5 Main Stem Site 10 Fine to coarse sand, gray
90% cattail; some dogwood, 
boxelder

LPR 83.1 Main Stem
Douglas, Cty Rd 3, Bell 
River 8/9 ---

80% cattail, some bulrush and 
wild rice

T LPR 80.9 Tributary Site 12, Spruce Creek ---
mix of cattail and dogwood, 
and upland grasses

LPR 79.4 Main Stem
Cty Rd 3 Belle River  
11/14 --- ---

LPR 76.7 Main Stem
Cty Rd 3 Belle River  
14/23

10% dark organic silt; 90% fine 
to coarse sand, white to light 
tan

predominantly cattail and 
bulrush, some reed canary 
grass along bank 

T LPR 73.3 Tributary Site 13, Dismal Creek ---
predominantly reed canary 
grass and goldenrod

LPR 72.6 Main Stem Old Site 1 (used 1997) --- ---

LPR 67.0 Main Stem Site 1, Deibele's ---

predominantly bulrush and 
reed canary grass; cattail 
downstream; some wild rice 
and goldenrod

LPR 56.0 Main Stem Site 6 ---

predominantly reed canary 
grass; willow and dogwood 
upstream; floating leaf 
pondweed and wild rice in 
channel

LRP 49.3 Main Stem Byer, TMDL SITE 1 --- ---

LPR 47.8 Main Stem Site 7
medium to very coarse sand, 
brown.  Shell fragments

60% reed canary grass; some 
cattail, bulrush, willow, 
boxelder; wild rice and 
filamentous algae in channel

LPR 47.2 Main Stem
Superfund, TMDL Site 
2 --- ---

LPR 42.2 Main Stem Zinter, TMDL Site 3 --- ---

LPR 38.5 Main Stem Site 11 ---

75% cattail upstream; 70% 
willow and dogwood 
downstream; some reed 
canary grass and wild rice

LPR 34.2 Main Stem Site 5 ---

50%  reed canary grass, 30% 
cattail, 20% sedge upstream; 
30% sedge, 30% reed canary 
grass, 20% willow and 
dogwood, 20% wild rice 
downstream  
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Table 6-3

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project:  Phase II

River Sediment and Macrophyte Data

TMDL Site 
Name Site Type CWP SITE NAME SEDIMENT DESCRIPTION Macrophytes Observed

TLPR 33.6 Tributary Site 4, Eagle Creek
fine to coarse sand, dark 
brown.  Gravel.   5% dark silt.

upstream 70% reed canary 
grass; downstream 60% 
dogwood, boxelder, ash; some 
sedge and arrowhead

LPR 30.8 Main Stem Horseshoe Bridge ---

75% reed canary grass; some 
oak, boxelder, ash; wild rice 
and floating leaf pondweed in 
channel

LPR 26.1 Main Stem DNR Boat Access --- ---

LPR 21.1 Main Stem Site 15 --- ---

T LPR 20.8 Tributary Site 3, Turtle Creek
very fine to fine sand, brown.  
5% black silt grasses and trees

LPR 18.2 Main Stem Paskewitz --- ---

T LPR 15.8 Tributary Site 8, Moran Creek
Medium to very coarse sand, 
dark brown. ---

LPR 15.3 Main Stem Cty Rd 26
Dark organic silt 75%, fine to 
medium brown sand ---

LPR 11.8 Main Stem Cty Rd 7
Black organic silt 95%, 5% fine 
sand.

channel clogged with 
pondweed

T LPR 10.3 Tributary
Site 14, Fish Trap 
Creek fine to coarse sand, brown. ---

LPR 9.2 Main Stem Site 2
fine grained sand, white, 
brown; 25% dark silt grasses and trees

LPR 3.2 Main Stem LPR-3
medium sand, dark brown; 
some gravel. grasses and trees

Note:
---: Sample not required.
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Table 7-1a

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

In-River Loads During Synoptic Survey 1 Conducted August 20-24, 2001 

TMDL 
STUDY 
NAME

Long 
Prairie 
River 
Mile FLOW Chloride

Chloride 
Load TSS TSS Ammonia Ammonia Kjeldahl Kjeldahl NO2+3 NO2+3 OP OP TP TP

CBOD 5-
Day

CBOD 5-
day

CBOD 
20-Day

CBOD 
20-Day

cfs mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day

Tributaries
T LPR 80.9 80.9 0 7.8 0 7 0 0.01 0 0.8 0 0.1 0 0.025 0 0.048 0 <2 --- 4 0
T LPR 73.3 73.3 0 6.5 0.0 12 0 0.01 0 0.5 0 0.55 0 0.007 0 0.02 0 <2 --- 2 0
T LPR 33.6 33.6 0 25.4 23 10 9 0.01 0 0.7 1 0.77 1 0.024 0 0.033 0 <6 --- 1 1
T LPR 20.8 20.8 10 5.1 278 9 490 0.01 1 1.3 71 0.1 5 0.01 1 0.084 5 <2 --- 5 272
T LPR 15.8 15.8 5 6.4 161 0.5 13 0.01 0 0.7 18 0.1 3 0.005 0 0.009 0 <6 --- 8 201
T LPR 10.3 10.3 8 5 216 5 216 0.01 0 0.7 30 0.1 4 0.02 1 0.041 2 <2 --- 1 43

Main Stem Stations
LPR 89.9 89.9 125 28 18,849 9.5 6,395 0.01 7 0.8 539 0.1 67 0.0025 2 0.0025 2 <2 --- 5.5 3,703
LPR 85.5 85.5 126 27.8 18,865 7 4,750 0.01 7 0.6 407 0.1 68 0.011 7 0.016 11 <2 --- 4 2,714
LPR 83.1 83.1 127 26.7 18,264 10 6,840 0.01 7 0.1 68 0.025 17 0.026 18 <2 --- 1 684
LPR 76.7 76.7 184 26.1 25,847 7 6,932 0.01 10 0.6 594 0.1 99 0.031 31 0.037 37 <2 --- 5 4,952
LPR 67.0 67.0 173 26.1 24,338 9 8,392 0.01 9 0.4 373 0.1 93 0.037 35 0.06 56 2 1,865 2 1,865
LPR 56.0 56.0 173 24.8 23,125 8 7,460 0.01 9 0.5 466 0.1 93 0.023 21 0.047 44 <2 --- 2 1,865
LPR 47.8 47.8 161 25.1 21,865 6.5 5,662 0.01 9 0.4 348 0.1 87 0.03 26 0.054 47 <2 --- 3 2,613
LPR 38.5 38.5 195 26.1 27,504 9 9,484 0.01 11 0.3 316 0.1 105 0.042 44 0.064 67 <2 --- 1 1,054
LPR 34.2 34.2 166 25.9 23,234 6 5,382 0.03 27 0.6 538 0.1 90 0.044 39 0.067 60 <2 --- 5 4,485
LPR 30.8 30.8 193 26.8 27,940 10 10,425 0.02 21 0.3 313 0.27 281 0.048 50 0.072 75 <2 --- 2 2,085
LPR 21.1 21.1 195 26.7 28,077 6 6,309 0.01 11 0.7 736 0.33 347 0.042 44 0.055 58 <2 --- 3 3,155
LPR 18.2 18.2 197
LPR 15.3 15.3 167 20.8 18,684 0.5 449 0.01 9 0.9 808 0.3 269 0.041 37 0.052 47 <2 --- 6 5,390
LPR 11.8 11.8 189 21.6 21,991 5 5,091 0.01 10 0.6 611 0.22 224 0.035 36 0.063 64 <2 --- 2 2,036
LPR 09.2 9.2 211 19.8 22,532 6 6,828 0.01 11 0.3 341 0.1 114 0.031 35 0.049 56 <2 --- 1 1,138
LPR 03.2 3.2 223 21.3 25,668 5 6,025 0.01 12 0.7 844 0.1 121 0.026 31 0.043 52 <6 --- 4 4,820

Note:  For values below detection limit, half the detection limit was used to calculate load.  These values are indicated in Bold.
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Table 7-1b

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

In-River Loads During Synoptic Survey 2 Conducted September 24-25, 2001 

TMDL 
STUDY 
NAME FLOW Chloride

Chloride 
Load TSS TSS Ammonia Ammonia Kjeldahl Kjeldahl NO2+3 NO2+3 OP OP TP TP

CBOD 5-
Day

CBOD 5-
day

CBOD 
20-Day

CBOD 
20-Day

cfs mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day mg/L lbs/day

Tributaries
T LPR 80.9 15.73 6.7 569 3 255 0.01 1 0.6 51 0.55 47 0.031 3 0.032 3 <2 --- 9 764
T LPR 73.3 0 0 0 0 0 0 0 0 0
T LPR 33.6 12.75 28.2 1940 5 344 0.01 1 0.5 34 0.85 58 0.026 2 0.032 2 <2 --- 12 825
T LPR 20.8 6.18 7.2 240 0.5 17 0.01 0 0.9 30 0.1 3 0.008 0 0.014 0 <2 --- 12 400
T LPR 15.8 10.09 6.2 338 0.5 27 0.01 1 0.9 49 0.1 5 0.012 1 0.014 1 <2 --- 12 653
T LPR 10.3 8.97 4.1 198 3 145 0.01 0 0.9 44 0.1 5 0.01 0 0.022 1 <2 --- 12 581

Main Stem Stations
LPR 89.9 94 26.2 13,222 --- 0.01 5 0.9 454 0.1 50 0.0025 1 0.0025 1 <2 --- 6 3,028
LPR 85.5 94 25.5 12,955 22 11,176 0.01 5 0.9 457 0.1 51 0.009 5 0.01 5 <2 --- 9 4,572
LPR 83.1 95 24.9 12,734 4 2,046 0.01 5 0.9 460 0.1 51 0.008 4 0.009 5 <2 --- 2 1,023
LPR 76.7 115 22.6 14,065 3 1,867 0.01 6 0.8 498 0.1 62 0.016 10 0.061 38 <2 --- 15 9,336
LPR 67.0 140 21.1 15,891 2.5 1,883 0.01 8 0.5 377 0.1 75 0.02 15 0.024 18 <2 --- 10 7,531
LPR 56.0 148 20.8 16,638 3 2,400 0.01 8 0.6 480 0.1 80 0.022 18 0.023 18 <2 --- 11 8,799
LPR 47.8 148 20.8 16,592 4.5 3,590 0.01 8 0.6 479 0.1 80 0.024 19 0.024 19 <2 --- 3 2,393
LPR 38.5 204 35.9 39,435 7 7,689 0.23 253 1.3 1,428 0.35 384 0.158 174 0.192 211 <2 --- 5 5,492
LPR 34.2 159 35.8 30,694 8 6,859 0.19 163 0.9 772 0.41 352 0.148 127 0.176 151 <2 --- 10 8,574
LPR 30.8 197 35.0 37,189 8 8,500 0.14 149 0.9 956 0.56 595 0.129 137 0.156 166 <2 --- 10 10,625
LPR 21.1 223 34.1 40,935 7 8,403 0.08 96 1 1,200 0.68 816 0.108 130 0.14 168 <2 --- 13 15,606
LPR 18.2 248
LPR 15.3 266 32.2 46,124 2 2,865 0.01 14 0.7 1,003 0.76 1,089 0.101 145 0.108 155 <2 --- 10 14,324
LPR 09.2 257 29.4 40,835 4 5,556 0.01 14 1 1,389 0.62 861 0.068 94 0.078 108 <2 --- 13 18,056
LPR 03.2 259 28.6 39,927 0.5 698 0.01 14 0.7 977 0.57 796 0.073 102 0.079 110 <2 --- 12 16,753

Note:  For values below detection limit, half the detection limit was used to calculate load.  These values are indicated in Bold.
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Table 11-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Load Reductions Needed to Meet DO Standard

Reach 07010108-506:  Long Prairie River Headwaters (Lake Carlos) to Spruce Creek
Existing Load Allocated Load Load Reduction

(lbs/day) (lbs/day) (%)
CBOD NBOD CBOD NBOD CBOD NBOD

Carlos WWTF 233 254 233 254 0% 0%
LPR Headwaters @ RM89.9 161 55 161 55 0% 0%
Other Nonpoint Sources 1,115 81 999 68 10% 16%

Reach 07010108-505:  Spruce Creek to Eagle Creek
Existing Load Allocated Load Load Reduction

(lbs/day) (lbs/day) (%)
CBOD NBOD CBOD NBOD CBOD NBOD

Long Prairie - Superfund 48 17 48 17 0% 0%
Long Prairie WWTF 1,431 12,545 275 838 81% 93%
Browerville WWTF 542 1,295 542 504 0% 61%
Spruce Creek 96 32 87 29 9% 10%
Dismal Creek 19 33 17 30 11% 8%
Other Nonpoint Sources 5,862 533 5,329 484 9% 9%

Reach 07010108-504:  Eagle Creek to Turtle Creek
Existing Load Allocated Load Load Reduction

(lbs/day) (lbs/day) (%)
CBOD NBOD CBOD NBOD CBOD NBOD

Eagle Creek Residual Point Source Loads 204 209 204 209 0% 0%
Eagle Creek Nonpoint Sources 645 43 587 40 9% 8%
Other Nonpoint Sources 1,586 398 1,442 362 9% 9%

Reach 07010108-503:  Turtle Creek To Moran Creek
Existing Load Allocated Load Load Reduction

(lbs/day) (lbs/day) (%)
CBOD NBOD CBOD NBOD CBOD NBOD

Turtle Creek 238 129 238 129 0% 0%
Other Nonpoint Sources 620 156 620 156 0% 0%

Reach 07010108-502:  Moran Creek To Fish Trap Creek
Existing Load Allocated Load Load Reduction

(lbs/day) (lbs/day) (%)
CBOD NBOD CBOD NBOD CBOD NBOD

Moran Creek 93 62 93 62 0% 0%
Other Nonpoint Sources 682 171 682 171 0% 0%

Reach 07010108-501:  Fish Trap Creek to Crow Wing River
Existing Load Allocated Load Load Reduction

(lbs/day) (lbs/day) (%)
CBOD NBOD CBOD NBOD CBOD NBOD

Fish Trap Creek 243 48 243 48 0% 0%
Other Nonpoint Sources 1276 320 1276 320 0% 0%

Notes:
Bold italic  denotes a load that was reduced to meet DO standard
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Table 11-2

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River DO TMDLs

CBOD NBOD SOD
Unallocated Capacity 147 42 n/a 189
WLA + MOS for Carlos WWTF 233 254 n/a 487
LA for LPR Headwaters @ RM89.9 161 55 n/a 216
LA for other Nonpoint Sources 999 68 291 1,359
MOS for all Nonpoint Sources 116 12 n/a 128

Total Maximum Daily Load 1,657 432 291 2,380

CBOD NBOD SOD
Unallocated Capacity 397 114 n/a 511
WLA + MOS for LP-Superfund 48 17 n/a 65
WLA + MOS for Long Prairie WWTF 275 838 n/a 1,114
WLA + MOS for Browerville WWTF 542 504 n/a 1,045
LA for Spruce Creek 87 29 n/a 116
LA for Dismal Creek 17 30 n/a 47
LA for other Nonpoint Sources 5,329 484 1,750 7,563
MOS for all Nonpoint Sources 543 54 n/a 598

Total Maximum Daily Load 7,239 2,070 1,750 11,059

CBOD NBOD SOD
Unallocated Capacity 971 278 n/a 1,249
Eagle Creek Residual Point Source Loads 204 209 n/a 412
LA for Eagle Creek 587 40 n/a 626
LA for other Nonpoint Sources 1,442 362 315 2,119
MOS for all Nonpoint Sources 203 40 n/a 243

Total Maximum Daily Load 3,406 928 315 4,649

CBOD NBOD SOD
Unallocated Capacity 941 269 n/a 1,210
LA for Turtle Creek 238 129 n/a 367
LA for other Nonpoint Sources 620 156 120 895
MOS for all Nonpoint Sources 86 28 n/a 114

Total Maximum Daily Load 1,884 582 120 2,587

CBOD NBOD SOD
Unallocated Capacity 504 144 n/a 648
LA for Moran Creek 93 62 n/a 155
LA for other Nonpoint Sources 682 171 252 1104
MOS for all Nonpoint Sources 77 23 n/a 101

Total Maximum Daily Load 1,356 401 252 2,008

CBOD NBOD SOD
Unallocated Capacity 435 124 n/a 559
LA for Fish Trap Creek 243 48 n/a 291
LA for other Nonpoint Sources 1,276 320 545 2,142
MOS for all Nonpoint Sources 152 37 n/a 189

Total Maximum Daily Load 2,106 529 545 3,180

Notes:
Bold italic  denotes a load that was reduced to meet DO standard

Oxygen Demand (lbs/day) from: Total Oxygen Demand 
(lbs/day)

Oxygen Demand (lbs/day) from: Total Oxygen Demand 
(lbs/day)

Reach 07010108-502:  Moran Creek To Fish Trap Creek

Reach 07010108-501:  Fish Trap Creek to Crow Wing River

Oxygen Demand (lbs/day) from: Total Oxygen Demand 
(lbs/day)

Reach 07010108-506:  Long Prairie River Headwaters (Lake Carlos) to Spruce Creek

Reach 07010108-505:  Spruce Creek to Eagle Creek

Total Oxygen Demand 
(lbs/day)

Oxygen Demand (lbs/day) from:

Reach 07010108-504:  Eagle Creek to Turtle Creek

Reach 07010108-503:  Turtle Creek To Moran Creek
Oxygen Demand (lbs/day) from: Total Oxygen Demand 

(lbs/day)

Oxygen Demand (lbs/day) from: Total Oxygen Demand 
(lbs/day)

T:/0147/51/Phase III Rpt/Tables/Table 11-2_Jul04/Table 11-2 Page 1 of 1 Wenck Associates, Inc.
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Figure 9-1

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: Modified Spring 7Q10 for TMDL Projection Simulation
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Figure 9-2

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs: QUAL-TX Summer DO
7Q10 Point Source Load Reduction

T:\0147\51\Phase III Final Report \Figure 9-1_9-2_Jul04     Summer DO 1 of 1 Wenck Associates, Inc.
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Figure 9-3

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs: QUAL-TX Winter DO
7Q10 Point Source Load Reduction

T:\0147\51\Phase III Final Report \Figure 9-3_Jul04     Winter DO 1 of 1 Wenck Associates, Inc.
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Figure 11-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

DO TMDLs for Long Prairie River by Reach and Category

Non-point Source: TMDL Allocation
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Figure 11-2

MPCA Long Prairie River Watershed TMDL Final Report Project

Long Prairie River Profiles:
TMDL Demonstration (Modified Spring)

T:\0147\51\Phase III Final Report  \Figure 11-2_11-3_Jul04     Spring DO 1 of 1 Wenck Associates, Inc.
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Figure 11-3

MPCA Long Prairie River Watershed TMDL Final Report Project

Long Prairie River Profiles:
TMDL Demonstration (Summer)

T:\0147\51\Phase III Final Report  \Figure 11-2_11-3_Jul04     Summer DO 1 of 1 Wenck Associates, Inc.
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Figure 11-4

MPCA Long Prairie River Watershed TMDL Final Report Project

Long Prairie River Profiles:
TMDL Demonstration (Winter)

T:\0147\51\Phase III Final Report  \Figure 11-4_Jul04     Winter DO 1 of 1 Wenck Associates, Inc.
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Appendix A Table A-1

Minnesota Pollution Control Agency 
Long Prairie River Watershed TMDL Project:  Final Project Report

Land Use Summary
Source:  Todd County GIS Department

 Upper Reach Area Middle Reach Area Lower Reach Area Watershed Total
Land Use acres % acres % acres % acres %

Urban & Rural Dev. 8,674 4% 4,992 3% 2,078 2% 15,744 3%
Agriculture 94,231 43% 91,685 48% 34,685 28% 220,601 41%
Grassland 42,085 19% 53,119 28% 31,886 26% 127,090 24%
Forest 35,455 16% 35,281 18% 43,102 35% 113,838 21%
Water & Wetlands 38,349 17% 6,823 4% 10,456 8% 55,628 10%
Other 380 0% 352 0% 833 1% 1,655 0%
Total 219,173 192,252 123,040 534,556

835 sq miles

Notes:  

1.  Land use is further broken down in Appendix A.

2.  Omits portion of watershed in Wadena County and eastern portion of watershed in Morrison County (48 square miles total).

T:/0147/51/Phase III/Appendices/Appendix A_Tab1-3.XLS/Appendix A Table 1 Page 1 of 1 Wenck Associates, Inc.



Appendix A Table A- 2

MPCA Long Prairie River Watershed TMDL Final Project Report

Subwatershed Area
Source:  Todd SWCD

ID Number Watershed Major Name Watershed Minor Name
Watershed 

Area (acres)
Lower Reach

14031 LONG PRAIRIE RIVER Moran Cr 13659
14032 LONG PRAIRIE RIVER Unknown Watershed Name 5268
14031 LONG PRAIRIE RIVER Moran Cr 2985
14027 LONG PRAIRIE RIVER Long Prairie R 6318
14034 LONG PRAIRIE RIVER Long Prairie R 7460
14033 LONG PRAIRIE RIVER Stony Bk 9602
14027 LONG PRAIRIE RIVER Long Prairie R 2438
14035 LONG PRAIRIE RIVER Unknown Watershed Name 18763
14028 LONG PRAIRIE RIVER Fish Trap Cr 14266
14036 LONG PRAIRIE RIVER Moran Cr 3420
14037 LONG PRAIRIE RIVER Long Prairie R 1254
14029 LONG PRAIRIE RIVER Unknown Watershed Name 1027
14037 LONG PRAIRIE RIVER Long Prairie R 7058
14030 LONG PRAIRIE RIVER Fish Trap Cr 920
14027 LONG PRAIRIE RIVER Long Prairie R 258
14027 LONG PRAIRIE RIVER Long Prairie R 6069
14027 LONG PRAIRIE RIVER Long Prairie R 61
14063 LONG PRAIRIE RIVER 18974
14028 LONG PRAIRIE RIVER Fish Trap Cr 573
14029 LONG PRAIRIE RIVER Unknown Watershed Name 10940
14030 LONG PRAIRIE RIVER Fish Trap Cr 6138
14031 LONG PRAIRIE RIVER Moran Cr 1609

Middle Reach
14038 LONG PRAIRIE RIVER Turtle Cr 25397
14043 LONG PRAIRIE RIVER Co Ditch #31 3492
14061 LONG PRAIRIE RIVER Unknown Watershed Name 4915
14044 LONG PRAIRIE RIVER Eagle Cr 7452
14047 LONG PRAIRIE RIVER Eagle Cr 5132
14062 LONG PRAIRIE RIVER Unknown Watershed Name 3441
14037 LONG PRAIRIE RIVER Long Prairie R 385
14060 LONG PRAIRIE RIVER Long Prairie R 3003
14060 LONG PRAIRIE RIVER Long Prairie R 6415
14045 LONG PRAIRIE RIVER Unknown Watershed Name 7430
14039 LONG PRAIRIE RIVER Unknown Watershed Name 5678
14046 LONG PRAIRIE RIVER Eagle Cr 9066
14060 LONG PRAIRIE RIVER Long Prairie R 2242
14048 LONG PRAIRIE RIVER Freemans Cr 6417
14015 LONG PRAIRIE RIVER Eagle Cr 6446
14049 LONG PRAIRIE RIVER Harris Cr 12044
14050 LONG PRAIRIE RIVER Drayer Cr 5242
14047 LONG PRAIRIE RIVER Eagle Cr 16
14041 LONG PRAIRIE RIVER Unknown Watershed Name 4406
14051 LONG PRAIRIE RIVER Long Prairie R 11201
14052 LONG PRAIRIE RIVER Unknown Watershed Name 4558

T:/0147/36/Phase I/Tables/Appendix A_Tab1-3/Appendix A Table 2 Page 1 of 3 Wenck Associates, Inc.



Appendix A Table A- 2

MPCA Long Prairie River Watershed TMDL Final Project Report

Subwatershed Area
Source:  Todd SWCD

ID Number Watershed Major Name Watershed Minor Name
Watershed 

Area (acres)
14040 LONG PRAIRIE RIVER Dismal Cr 10661
14042 LONG PRAIRIE RIVER Long Prairie R 11003
14052 LONG PRAIRIE RIVER Unknown Watershed Name 470
14059 LONG PRAIRIE RIVER Long Prairie Cr 7551
14054 LONG PRAIRIE RIVER Turtle Cr 5445
14059 LONG PRAIRIE RIVER Long Prairie Cr 2495
14053 LONG PRAIRIE RIVER Unknown Watershed Name 4443
14042 LONG PRAIRIE RIVER Long Prairie R 2958
14055 LONG PRAIRIE RIVER Unknown Watershed Name 3428
14058 LONG PRAIRIE RIVER Unknown Watershed Name 4775
14051 LONG PRAIRIE RIVER Long Prairie R 743
14056 LONG PRAIRIE RIVER Turtle Cr 5978
14057 LONG PRAIRIE RIVER Venewitz Cr 12210
14015 LONG PRAIRIE RIVER Eagle Cr 400

Upper Reach
14006 LONG PRAIRIE RIVER Stormy Cr 833
14014 LONG PRAIRIE RIVER Unknown Watershed Name 2193
14006 LONG PRAIRIE RIVER Stormy Cr 170
14016 LONG PRAIRIE RIVER Long Prairie R 1674
14003 LONG PRAIRIE RIVER Co Ditch #11 8082
14002 LONG PRAIRIE RIVER Unknown Watershed Name 4393
14007 LONG PRAIRIE RIVER From L Irene 7259
14004 LONG PRAIRIE RIVER Co Ditch #24 1061
14005 LONG PRAIRIE RIVER Spruce Cr 9543
14006 LONG PRAIRIE RIVER Stormy Cr 7103
14013 LONG PRAIRIE RIVER Unknown Watershed Name 4161
14008 LONG PRAIRIE RIVER From L Miltona 12071
14012 LONG PRAIRIE RIVER Unknown Watershed Name 3385
14009 LONG PRAIRIE RIVER L Ida 19154
14014 LONG PRAIRIE RIVER Unknown Watershed Name 2621
14011 LONG PRAIRIE RIVER Long Prairie R 8200
14017 LONG PRAIRIE RIVER Long Prairie R 5358
14005 LONG PRAIRIE RIVER Spruce Cr 494
14010 LONG PRAIRIE RIVER L Carlos 11213
14017 LONG PRAIRIE RIVER Long Prairie R 262
14016 LONG PRAIRIE RIVER Long Prairie R 3430
14017 LONG PRAIRIE RIVER Long Prairie R 1487
14018 LONG PRAIRIE RIVER Unknown Watershed Name 5663
14020 LONG PRAIRIE RIVER L Cowdry 7696
14019 LONG PRAIRIE RIVER L Le Homme Dieu 17014
14021 LONG PRAIRIE RIVER From L Brophy 6673
14022 LONG PRAIRIE RIVER From Lobster L 7064
14025 LONG PRAIRIE RIVER L Victoria 8491
14023 LONG PRAIRIE RIVER From Mill L 7030
14024 LONG PRAIRIE RIVER Bly Cr 20010

T:/0147/36/Phase I/Tables/Appendix A_Tab1-3/Appendix A Table 2 Page 2 of 3 Wenck Associates, Inc.



Appendix A Table A- 2

MPCA Long Prairie River Watershed TMDL Final Project Report

Subwatershed Area
Source:  Todd SWCD

ID Number Watershed Major Name Watershed Minor Name
Watershed 

Area (acres)
14026 LONG PRAIRIE RIVER Unknown Watershed Name 7843
14001 LONG PRAIRIE RIVER 4784
14005 LONG PRAIRIE RIVER Spruce Cr 2264
14004 LONG PRAIRIE RIVER Co Ditch #24 3698
14005 LONG PRAIRIE RIVER Spruce Cr 3942
14003 LONG PRAIRIE RIVER Co Ditch #11 2170
14006 LONG PRAIRIE RIVER Stormy Cr 393
14007 LONG PRAIRIE RIVER From L Irene 283
14002 LONG PRAIRIE RIVER Unknown Watershed Name 71

Lower Reach Area 139,058                               acres
Middle Reach Area 206,939                               acres
Upper Reach Area 219,236                               acres

Total Watershed Area 565,234                               acres
883 square miles

T:/0147/36/Phase I/Tables/Appendix A_Tab1-3/Appendix A Table 2 Page 3 of 3 Wenck Associates, Inc.
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Soils & Sub-Watersheds
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Appendix B Table B-1

MPCA Long Prairie River Watershed TMDL Final Project Report

Summary of Monthly Average Long Prairie River Flows at 
LPR 47.8 October 1971 to February 2002

(all data is in cfs)

January February March April May June July August September October November December
1971 145.6 425.1 147.8
1972 100.9 85.9 393.3 602.4 409.3 256.5 777.3 715.1 324.8 243.6 226.9 133.5
1973 109.9 81.0 409.2 273.5 226.3 127.9 63.0 75.0 67.5 92.2 78.5 54.3
1974 46.3 46.8 59.7 350.2 255.2 171.7 59.0 51.3 37.2 29.9 38.9 24.7
1975 10.5 8.3 33.6 457.6 359.2 281.0 256.6 85.0 80.7 55.5 44.8 41.1
1976 43.1 48.2 137.3 274.7 85.2 37.3 25.9 10.2 5.3 13.4 8.7 3.2
1977 1.1 1.6 50.6 71.8 45.5 37.5 18.9 17.9 32.2 76.1 88.2 79.9
1978 51.2 40.1 121.9 422.4 148.4 97.5 181.3 99.0 74.5 55.9 40.3 19.0
1979 18.0 22.1 73.6 554.6 316.5 412.7 350.6 156.4 136.8 90.8 172.6 92.7
1980 75.4 64.6 62.1 373.1 126.6 311.7 118.2 172.2 215.5 142.7 85.2 44.1
1981 43.4 60.0 84.7 132.7 148.1 179.7 114.0 98.8 80.4 105.6 67.3 39.0
1982 34.0 40.1 56.0 611.4 353.4 213.1 188.4 85.5 80.1 204.6 123.7 102.4
1983 75.8 73.2 283.2 219.8 147.3 155.8 138.4 90.2 67.7 58.5 71.8 53.3
1984 50.0 80.0 147.3 267.0 260.5 383.5 217.4 145.2 98.9 399.0 279.3 181.9
1985 143.1 136.0 440.6 414.1 467.1 421.6 203.2 197.5 213.0 168.3 93.8 93.0
1986 91.4 87.2 185.6 747.7 652.7 380.9 395.1 362.8 607.1 512.0 373.1 270.2
1987 216.8 207.9 343.1 288.3 274.1 192.6 100.4 66.6 56.6 41.5 40.2 25.7
1988 14.7 14.0 118.7 175.2 71.6 27.5 4.7 20.3 21.9 28.9 26.7 15.0
1989 11.2 11.2 19.8 335.0 165.3 73.1 24.1 10.0 40.6 25.6 37.3 13.0
1990 4.2 3.0 146.7 136.3 125.6 164.4 87.5 49.6 49.1 64.9 39.2 23.2
1991 12.1 23.0 96.4 250.2 253.0 197.6 259.7 147.3 124.4 83.0 81.4 66.9
1992 64.7 71.8 265.1 241.4 187.4 105.3 112.7 52.7 48.4 34.9 42.8 26.9
1993 25.2 26.5 40.9 242.9 261.0 350.6 397.9 275.1 213.4 157.9 104.8 113.9
1994 98.7 94.1 333.1 459.3 403.3 160.1 136.2 89.0 80.7 116.7 85.7 63.4
1995 53.7 51.3 382.0 330.5 346.6 259.5 250.4 255.7 168.2 390.8 243.5 129.7
1996 120.7 122.4 140.2 584.6 431.7 269.8 145.9 103.1 84.8 119.5 170.7 117.1
1997 105.7 137.9 146.8 826.7 321.5 195.0 207.1 172.8 129.2 102.5 78.3 64.7
1998 61.6 123.1 175.2 239.7 183.2 191.5 345.2 129.5 68.3 164.8 177.1 123.4
1999 98.8 102.1 224.6 427.0 597.5 317.4 216.4 191.7 197.9 137.7 94.6 64.5
2000 52.2 76.3 198.8 156.6 223.1 151.5 135.7 91.8 61.8 54.7 142.5

 1971- 2000 
Average 
Flow 63.3 66.9 178.3 360.9 270.6 211.2 190.7 138.5 119.6 130.6 119.1 76.8
2001 49.6 52.5 54.4 1062.4 607.8 773.9 306.2 188.2 159.2 130.7 102.1 143.9
2002 122.3 112.3
Note:  February 2002 average flow is calculated through February 7, 2002.
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Appendix B Figure B-1a

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(1996)
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Appendix B Figure B-1b

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(1997)
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Appendix B Figure B-1c

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(1998)
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Appendix B Figure B-1d

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(1999)
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Appendix B Figure B-1e

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(2000)
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Appendix B Figure B-1f

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(2001)
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Appendix B Figure B-1g

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(2002- Through September 30)
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Appendix B Figure B-2

MPCA
Long Prairie River Watershed TMDL Project:  Final Project Report

Long Prairie River Average Daily Flow and Precipitation at LPR 47.8
(January 1996-September 2002)
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Appendix B  Figure B-3

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Daily Flow at LPR 47.8
(October 1971- September 2002) 
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Appendix B  Figure B-4

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Monthly Flow at LPR47.8  (1971-2000) 
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Appendix B  Figure B-5

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Average Monthly Flow at LPR47.8  (January 1996-February 2002) 
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Appendix C Table C-1

MPCA Long Prairie River Watershed TMDL Final Project Report

MPCA Calibration Documentation 
(Source:  MPCA)

LPR 49.3 Temperature DO pH Conductivity
Date MPCA Equipment ID (degrees C) (mg/L) mS

8/23/00  CR10 23.48 8.08 8.42 0.412
YSI 63 or 95 23.6 8.02 8.3 0.471
Quanta 23.25 7.8 8.41 0.412

9/12/00 CR10 16.28 8.44 8.7 0.45
YSI 63 or 95 16.4 9.25 8.37 0.516
Quanta 16.21 9.42 8.61 0.408

10/4/00 CR10 8.49 10.75 8.82 0.478
YSI 63 or 95 --- --- --- ---
Quanta 8.75 11.54 8.44 0.437

11/18/00 CR10 -0.26 13.78 8.69 0.472
YSI 63 or 95 --- --- --- ---
Quanta -0.08 11.51 8.22 0.517

LPR 47.2 Temperature DO pH Conductivity
Date MPCA Equipment ID (degrees C) (mg/L) mS

9/7/00  CR10 19.39 8.29 8.7 0.486
YSI 63 and 95 19.6 8.05 8.17 0.513
Quanta 19.35 8.28 8.45 0.397

9/12/00  CR10 13.89 8.28 8.68 0.505
YSI 63 or 95 14.1 8.06 8.19 0.526
Quanta 13.83 8.02 8.45 0.415

10/4/00  CR10 8.43 12.74 8.99 0.535
YSI 63 or 95 --- --- --- ---
Quanta 8.47 10.98 8.38 0.433

11/18/00  CR10 0.1 4.06 8.84 0.525
YSI 63 or 95 --- --- --- ---
Quanta 0.03 11.98 8.25 0.52

LPR 42.2 Temperature DO pH Conductivity
Date MPCA Equipment ID (degrees C) (mg/L) mS

9/7/00  CR10 20.2 8.16 8.34 0.628
YSI 63 or 95 20.2 8.03 8.16 0.673
Quanta --- --- --- ---

9/12/00  CR10 15.5 8.52 8.48 0.587
YSI 63 or 95 15.4 8.45 8.22 0.614
Quanta 15.2 8.46 8.51 0.487

10/4/00  CR10 9.77 4.33 8.8 0.55
YSI 63 or 95 9.9 11.65 8.25 0.495
Quanta 9.68 10.24 8.28 0.452
CR10 after cleaning 9.98 12.65 8.84 0.552
and calibrating sensors --- --- --- ---

11/18/00  CR10 0.03 15.46 8.81 0.561
YSI 63 or 95 --- --- --- ---
Quanta 0.04 12.45 8.28 0.561

t:/0147/51/Phase III Rpt/Appendices/Appendix C_Tab01/Appendix C_Table 1 Page 1 of 1 Wenck Associates, Inc.



Appendix C Table C-2

MPCA Long Prairie River Watershed TMDL Final Project Report

Summary of Continuous DO and Temperature Data Recorded at LPR 49.3, LPR 47.2, and LPR 42.2
(Data from September- November 2000) 

Dissolved 
Oxygen 
Range 
(mg/L)

Average Daily 
Maximum 
Dissolved 
Oxygen 

Concentration 
(mg/L)

Maximum 
Dissolved Oxygen 

Concentrations 
Generally Occur 

Between

Average Daily 
Minimum 
Dissolved 
Oxygen 

Concentration 
(mg/L)

Minimum 
Dissolved 
Oxygen 

Concentrations 
Generally Occur 

Between

Temperature 
Range         

(degrees C)

Maximum 
Temperatures 

Generally 
Occur 

Between

Minimum 
Temperatures 

Generally 
Occur 

Between

LPR 49.3 4.8 to 15.9 --- --- --- --- -0.3 to 20.1 --- ---

LPR 47.2 1.3 to 15.8 10.8 2pm and 6pm 8.5 2am and 8am -0.2 to 20.3 6pm and 10pm 10am to 2pm

LPR 42.2 8.0 to 16.2 13.5 2pm and 6pm 12.2 2am and 8am -0.2 to 15.6 6pm and 10pm 10am to 2pm

Source:  Raw data collected September to November 2000 by MPCA Brainerd staff. 
(1)  Four readings per day were collected at LRP 49.3 at 10am, 2pm, 4pm, and 6pm.  Readings were collected at LPR 47.2 and LPR 42.2 every 
two hours. This difference in data collection frequency complicates comparison of summary data between LRP 49.3 versus LPR 42.2 and LPR 
47.2.
(2)  Data collected at LPR 42.2 prior to October 5 is suspected to be inaccurate.

T:/0147/51/Phase III Rpt/Appendices/Appendix C_Tab02.xlsAppendix C_Table 2 Page 1 of 1 Wenck Associates, Inc.



Appendix C Table C-3

MPCA Long Prairie River Watershed TMDL Final Project Report

Calculation of ∆ DO from Continuous DO Measurements  

Date
Daily Max 
LPR 47.2

Daily Min 
LPR 47.2 ∆ DO Date

Daily Max 
LPR 42.2

Daily Min 
LPR 42.2 ∆ DO

9/13/00 8.62 7.39 1.23 9/13/00 9 7.14 1.86
9/14/00 9.05 7.65 1.40 9/14/00 9.61 7.45 2.16
9/15/00 9.63 8.20 1.43 9/15/00 10.67 8.23 2.44
9/16/00 9.24 8.22 1.02 9/16/00 10.6 8.82 1.78
9/17/00 8.91 7.58 1.33 9/17/00 10.43 8.01 2.42
9/18/00 8.01 6.71 1.30 9/18/00 9.78 7.61 2.17
9/19/00 8.36 6.04 2.32 9/19/00 9.51 6.93 2.58
9/20/00 9.75 7.14 2.61 9/20/00 10.78 7.48 3.3
9/21/00 11.07 9.20 1.87 9/21/00 11.7 9.77 1.93
9/22/00 9.99 9.00 0.99 9/22/00 10.92 9.77 1.15
9/23/00 11.53 9.23 2.30 9/23/00 11.49 9.72 1.77
9/24/00 11.95 10.74 1.21 9/24/00 12.39 11.17 1.22
9/25/00 11.56 10.47 1.09 9/25/00 11.47 10.61 0.86
9/26/00 10.88 9.67 1.21 9/26/00 10.45 8.65 1.8
9/27/00 11.03 8.87 2.16 9/27/00 9.58 8.05 1.53
9/28/00 10.72 9.38 1.34 9/28/00 9.27 7.62 1.65
9/29/00 9.76 8.24 1.52 9/29/00 7.44 5.602 1.838
9/30/00 9.77 7.73 2.04 9/30/00 6.421 5.082 1.339
10/1/00 9.40 7.53 1.87 10/1/00 6.422 5.639 0.783
10/2/00 10.02 7.80 2.22 10/2/00 6.125 3.89 2.235
10/3/00 11.38 8.51 2.87 10/3/00 5.225 3.247 1.978
10/4/00 12.80 10.43 2.37 10/4/00 13 3.344 9.656
10/5/00 12.53 10.52 2.01 10/5/00 13.41 11.48 1.93
10/6/00 14.35 12.29 2.06 10/6/00 15.65 13.64 2.01
10/7/00 14.91 13.15 1.76 10/7/00 15.61 15.04 0.57
10/8/00 15.77 13.84 1.93 10/8/00 16.17 15.1 1.07
10/9/00 15.05 13.04 2.01 10/9/00 15.57 14.35 1.22
10/10/00 13.98 12.14 1.84 10/10/00 14.55 13.66 0.89
10/11/00 13.45 11.50 1.95 10/11/00 14.18 13.02 1.16
10/12/00 12.40 10.39 2.01 10/12/00 13.37 11.81 1.56
10/13/00 10.83 8.65 2.18 10/13/00 12.22 10.19 2.03
10/14/00 11.05 7.71 3.34 10/19/00 11.93 10.35 1.58
10/15/00 12.55 9.69 2.86 10/20/00 11.77 9.44 2.33
10/16/00 13.28 11.18 2.10 10/21/00 12.57 10.76 1.81
10/17/00 13.06 10.78 2.28 10/22/00 12.36 10.81 1.55
10/18/00 12.58 10.43 2.15 10/23/00 11.53 9.48 2.05
10/19/00 11.46 9.34 2.12 10/24/00 10.93 9.31 1.62
10/20/00 11.36 8.26 3.10 10/25/00 10.16 8.09 2.07
10/21/00 12.44 9.62 2.82 10/26/00 10.21 7.99 2.22
10/22/00 12.45 10.11 2.34 10/27/00 12.34 8.67 3.67
10/23/00 11.03 8.26 2.77 10/28/00 13 11.33 1.67
10/24/00 10.40 8.03 2.37 10/29/00 12.44 11.71 0.73
10/25/00 8.84 6.70 2.14 10/30/00 12.28 11.4 0.88
10/26/00 8.28 6.21 2.07 10/31/00 12.73 11.28 1.45
10/27/00 10.68 6.79 3.89 11/1/00 11.26 9.51 1.75
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Appendix C Table C-3

MPCA Long Prairie River Watershed TMDL Final Project Report

Calculation of ∆ DO from Continuous DO Measurements  

Date
Daily Max 
LPR 47.2

Daily Min 
LPR 47.2 ∆ DO Date

Daily Max 
LPR 42.2

Daily Min 
LPR 42.2 ∆ DO
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���������������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������������������
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10/28/00 12.77 9.65 3.12 11/2/00 11.68 9.17 2.51
10/29/00 11.71 10.53 1.18 11/3/00 12.81 11.6 1.21
10/30/00 11.66 10.06 1.60 11/4/00 14.15 12.61 1.54
10/31/00 11.64 9.80 1.84 11/5/00 13.67 13.12 0.55
11/1/00 9.22 7.14 2.08 11/6/00 12.99 12.11 0.88
11/2/00 9.84 6.69 3.15 11/7/00 12.04 11.74 0.3
11/3/00 11.83 9.65 2.18 11/8/00 13.61 12.13 1.48
11/4/00 12.34 11.59 0.75 11/9/00 14.1 13.58 0.52
11/5/00 11.78 10.58 1.20 11/10/00 14.97 14.13 0.84
11/6/00 9.92 8.78 1.14 11/11/00 15.37 14.72 0.65
11/7/00 9.27 8.37 0.90 11/12/00 15.28 14.92 0.36
11/8/00 10.01 6.93 3.08 11/13/00 15.72 14.93 0.79
11/9/00 7.94 1.25 6.69 11/14/00 15.64 15.1 0.54
11/10/00 8.76 1.34 7.43 11/15/00 15.74 15.46 0.28
11/11/00 6.79 4.50 2.29 11/16/00 15.76 15.6 0.16
11/12/00 9.04 3.71 5.34 11/17/00 15.83 15.59 0.24
11/13/00 10.56 8.47 2.09 Statistics for LPR 42.2
11/14/00 14.11 11.05 3.06 ∆ DO Mean= 1.6
11/15/00 14.40 1.39 13.01 ∆ DO Max= 9.7
11/16/00 5.76 2.81 2.95 ∆ DO Min= 0.2
11/17/00 3.90 2.26 1.64 ∆ DO Standard Deviation= 1.3

Statistics for LPR 47.2 ∆ DO n= 61
∆ DO Mean= 2.0

∆ DO Max= 3.89
∆ DO Min= 0.99

∆ DO Standard Deviation= 0.6
∆ DO n= 49

Notes:
shaded cells not used to caluculate statistics due to questionable meter functionality

T:/0147/51/Phase III Report/
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Appendix C, Table C-4

MPCA Long Prairie River Watershed TMDL Final Project Report

DO Violations Observed by Todd SWCD in and Near Reaches -503 and -505

Date
TMDL Study 
Name

Long 
Prairie   

R M Sampled by

Flow at     USGS 
Gage           
(cfs)

DO         
(mg/L)

Reach 
Number

7/27/2000 LPR 83.1 83.1 Todd SWCD 117 4.84 506
8/8/2000 LPR 83.1 83.1 Todd SWCD 102 4.52 506
6/19/2001 LPR 83.1 83.1 Todd SWCD 1590 4.84 506
7/25/2001 LPR 83.1 83.1 Todd SWCD 246 2.01 506
8/6/2001 LPR 83.1 83.1 Todd SWCD 226 3.06 506
8/15/2001 LPR 83.1 83.1 Todd SWCD 179 3.27 506
8/28/2001 LPR 83.1 83.1 Todd SWCD 148 4.66 506
8/26/2002 LPR 83.1 83.1 Todd SWCD 131 4.70 506

80.9 Reach 505 upstream end
8/6/2001 LPR 79.4 79.4 Todd SWCD 226 4.55 505

8/6/2001 LPR 76.7 76.7 Todd SWCD 226 3.87 505

7/25/2001 LPR 72.6 72.6 Todd SWCD 246 4.50 505
8/6/2001 LPR 72.6 72.6 Todd SWCD 226 4.70 505

7/1/1998 LPR 67.0 67.0 Todd SWCD 328 2.51 505
8/6/2001 LPR 67.0 67.0 Todd SWCD 226 1.84 505
8/15/2001 LPR 67.0 67.0 Todd SWCD 179 3.89 505

6/19/2001 LPR 64.4 64.4 Todd SWCD 1590 4.07 505
7/25/2001 LPR 64.4 64.4 Todd SWCD 246 3.88 505
8/6/2001 LPR 64.4 64.4 Todd SWCD 226 3.65 505

7/1/1998 LPR 56.0 56.0 Todd SWCD 328 3.76 505
6/12/2001 LPR 56.0 56.0 Todd SWCD 440 4.32 505
6/19/2001 LPR 56.0 56.0 Todd SWCD 1590 4.26 505

7/1/1998 LPR 47.8 47.8 Todd SWCD 328 4.71 505
6/12/2001 LPR 47.8 47.8 Todd SWCD 440 4.98 505
6/19/2001 LPR 47.8 47.8 Todd SWCD 1590 4.19 505

7/1/1998 LPR 38.5 38.5 Todd SWCD 328 2.85 505
7/29/1998 LPR 38.5 38.5 Todd SWCD 202 4.52 505
6/5/2001 LPR 38.5 38.5 Todd SWCD 404 3.85 505

T:0147/51/Phase III Report/Appendix C_Tab04.xls/Appendix C, Table C-4                            Page 1 of 2     Wenck Associates, Inc.



Appendix C, Table C-4

MPCA Long Prairie River Watershed TMDL Final Project Report

DO Violations Observed by Todd SWCD in and Near Reaches -503 and -505

Date
TMDL Study 
Name

Long 
Prairie   

R M Sampled by

Flow at     USGS 
Gage           
(cfs)

DO         
(mg/L)

Reach 
Number

7/1/1998 LPR 34.2 34.2 Todd SWCD 328 2.35 505
7/7/1998 LPR 34.2 34.2 Todd SWCD 235 3.54 505
7/28/1998 LPR 34.2 34.2 Todd SWCD 227 1.52 505
7/29/1998 LPR 34.2 34.2 Todd SWCD 202 2.61 505
6/15/1999 LPR 34.2 34.2 Todd SWCD 410 4.98 505
6/5/2001 LPR 34.2 34.2 Todd SWCD 404 3.65 505
6/5/2001 LPR 34.2 34.2 Todd SWCD 404 4.33 505
6/12/2001 LPR 34.2 34.2 Todd SWCD 440 3.28 505
6/19/2001 LPR 34.2 34.2 Todd SWCD 1590 3.72 505
7/3/2001 LPR 34.2 34.2 Todd SWCD 466 3.46 505

33.6 Reach 505 downstream end
7/1/1998 LPR 21.1 21.1 Todd SWCD 328 2.30 504
7/29/1998 LPR 21.1 21.1 Todd SWCD 202 0.94 504
6/24/1999 LPR 21.1 21.1 Todd SWCD 257 4.96 504
8/17/1999 LPR 21.1 21.1 Todd SWCD 197 4.85 504
6/12/2001 LPR 21.1 21.1 Todd SWCD 440 3.62 504
7/3/2001 LPR 21.1 21.1 Todd SWCD 466 3.66 504
6/19/2001 LPR 21.1 21.1 Todd SWCD 1590 3.42 504

7/24/2002 T LPR 20.8 20.8 Todd SWCD 243 1.92 Turtle Ck
7/7/1998 T LPR  20.8 20.8 Todd SWCD 235 2.45 Turtle Ck
7/28/1998 T LPR  20.8 20.8 Todd SWCD 227 2.94 Turtle Ck
8/6/1998 T LPR  20.8 20.8 Todd SWCD 154 4.75 Turtle Ck
6/19/2001 T LPR  20.8 20.8 Todd SWCD 1590 4.64 Turtle Ck
7/3/2001 T LPR  20.8 20.8 Todd SWCD 466 3.63 Turtle Ck

20.8 Reach 503 upstream end
7/1/1998 LPR 18.2 18.2 Todd SWCD 328 3.19 503
7/29/1998 LPR 18.2 18.2 Todd SWCD 202 1.17 503
8/6/1998 LPR 18.2 18.2 Todd SWCD 154 4.63 503

15.8 Reach 503 downstream end
7/1/1998 LPR 15.3 15.3 Todd SWCD 328 3.93 502
7/29/1998 LPR 15.3 15.3 Todd SWCD 202 2.25 502

Count 55 55
Minimum 102 0.94
Maximum 1590 4.98
Median 246 3.76

T:0147/51/Phase III Report/Appendix C_Tab04.xls/Appendix C, Table C-4                            Page 2 of 2     Wenck Associates, Inc.



Appendix C Figure C-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project:  Phase II

Average* Monthly Dissolved Oxygen and Percent Saturation at CWP Sites 
(On-going Monitoring by Todd SWCD)

*Averages typically represent between one and four data points.  
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Appendix C Figure C-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project:  Phase II

Average* Monthly Dissolved Oxygen and Percent Saturation at CWP Sites 
(On-going Monitoring by Todd SWCD)

*Averages typically represent between one and four data points.  
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Appendix C Figure C-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project:  Phase II

Average* Monthly Dissolved Oxygen and Percent Saturation at CWP Sites 
(On-going Monitoring by Todd SWCD)

*Averages typically represent between one and four data points.  
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Appendix C Figure C-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Project:  Phase II

Average* Monthly Dissolved Oxygen and Percent Saturation at CWP Sites 
(On-going Monitoring by Todd SWCD)

*Averages typically represent between one and four data points.  
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Appendix C Figure C-2

MPCA Long Prairie River Watershed TMDL Project:  Final Project Report

Dissolved Oxygen and Percent Saturation at LPR 3.2 in Motley 1974-1998

T:/0147/51/Phase III Report/Appendices/Appendix C_Figs02_04/Appendix C Figure 2 Page 1 of 1 Wenck Associates, Inc.
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Appendix C Figure C-3

MPCA Long Prairie River Watershed TMDL Project:  Final Project Report

Monthly Dissolved Oxygen and Percent Saturation at LPR 3.2 in Motley 1974-1998
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Appendix C Figure C-4

MPCA Long Prairie River Watershed TMDL Project:  Final Project Report

Monthly Temperature Summary for LPR 3.2 in Motley 1976-1998
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Appendix C Figure C-5a

MPCA Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature at LPR 49.3 by MPCA September to 
November 2000

 
Note:  Between one and five readings were recorded daily at irregular intervals.  
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Appendix C Figure C-5a

MPCA Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature at LPR 49.3 by MPCA September to 
November 2000

Note:  Between one and five readings were recorded daily at irregular intervals.  
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Appendix C Figure C-5a

MPCA Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature at LPR 49.3 by MPCA September to 
November 2000

Note:  Between one and five readings were recorded daily at irregular intervals.  
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Appendix C Figure C-5b

MPCA
Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature at LPR 47.2 
September to November 2000

 
Note:  Readings recorded every two hours.
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Appendix C Figure C-5b

MPCA
Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature at LPR 47.2 
September to November 2000

Note:  Readings recorded every two hours.
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Appendix C Figure C-5b

MPCA
Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature at LPR 47.2 
September to November 2000

Note:  Readings recorded every two hours.
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Appendix C Figure C-5c

MPCA Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature
at LPR 42.2

Note:  Readings recorded every two hours.
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Appendix C Figure C-5c

MPCA Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature
at LPR 42.2

Note:  Readings recorded every two hours.
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Appendix C Figure C-5c

MPCA Long Prairie River Watershed TMDL Final Project Report

Diurnal DO Concentrations, pH, and Temperature
at LPR 42.2

Note:  Readings recorded every two hours.
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Appendix C Figure C-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Daily Maximum and Minimum DO Concentrations 
at LPR 47.2 and LPR 42.2

T:/0147/36/Phase 1/ Figures/Appendix C_ Fig05b, 6_Tab3/Appendix C Fig 6 Page 1 of 1 Wenck Associates, Inc.
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Notes:  
1.  Data recorded for LPR 42.2 prior to October 5, 2000 is reportedly subject to equipment problems. 
2.   Irregular sample intervals atLPR 49.3 prevent accurate daily maximum and minimum values from being calculated.



Appendix C Figure C-7

MPCA Long Prairie River Watershed TMDL Final Project Report

Comparison of Continuous DO Concentrations at LPR 49.3, LPR 47.2, and LPR 42.2
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Appendix C Figure C-8

MPCA Long Prairie River Watershed TMDL Final Project Report

Average* Monthly Total Phosphorus 
and Total Nitrogen Concentrations at CWP Sites

(On-going Monitoring by Todd SWCD)

* Averages typically represent one to four data points.
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Appendix C Figure C-8

MPCA Long Prairie River Watershed TMDL Final Project Report

Average* Monthly Total Phosphorus 
and Total Nitrogen Concentrations at CWP Sites

(On-going Monitoring by Todd SWCD)

* Averages typically represent one to four data points.
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Appendix C Figure C-8

MPCA Long Prairie River Watershed TMDL Final Project Report

Average* Monthly Total Phosphorus 
and Total Nitrogen Concentrations at CWP Sites

(On-going Monitoring by Todd SWCD)

* Averages typically represent one to four data points.
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Appendix C Figure C-8

MPCA Long Prairie River Watershed TMDL Final Project Report

Average* Monthly Total Phosphorus 
and Total Nitrogen Concentrations at CWP Sites

(On-going Monitoring by Todd SWCD)

* Averages typically represent one to four data points.
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Appendix C Figure C-8

MPCA Long Prairie River Watershed TMDL Final Project Report

Average* Monthly Total Phosphorus 
and Total Nitrogen Concentrations at CWP Sites

(On-going Monitoring by Todd SWCD)

* Averages typically represent one to four data points.
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Appendix C Figure C-9

MPCA Long Prairie River Watershed TMDL Final Project Report

Total Phosphorus and Total Nitrogen Concentrations in the Long Prairie River LPR 3.2
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Appendix C Figure C-10a

MPCA Long Prairie River Watershed TMDL Final Project Report

Monthly Total Nitrogen  Concentrations in the Long Prairie River LPR 3.2
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Appendix C Figure C-10b

MPCA Long Prairie River Watershed TMDL Final Project Report

Monthly Total Phosphorus Concentrations in the Long Prairie River LPR 3.2
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Appendix C Figure C-11a

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs for Selected Water Quality Parameters 
June 1996- 2002

*Averages typically represent one to four data points.
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Appendix C Figure C-11a

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs for Selected Water Quality Parameters 
June 1996- 2002

*Averages typically represent one to four data points.

Dissolved Oxygen Profile 

0
2
4
6
8

10
12

0102030405060708090
River Mile 

D
O

 
C

on
ce

nt
ra

tio
n 

(m
g/

L)

1996 1998 1999 2001 2002 5 mg/L

BOD Profile 

0.0

0.5

1.0

1.5

0102030405060708090

River Mile 

B
O

D
 C

on
ce

nt
ra

tio
n 

(m
g/

L)

1998

Dissolved Oxygen Percent Saturation Profile 

0
20
40
60
80

100
120
140

0102030405060708090

River Mile 

Pe
rc

en
t 

Sa
tu

ra
tio

n

1996 1998 1999 2001 2002

T:/0147/51/Phase II/Figures/Appendix C_Fig11/App C Fig 11a Page 2 of 2 Wenck Associates, Inc. 



Appendix C Figure C-11b

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs for Selected Water Quality Parameters 
July 1996- 2002

*Averages typically represent one to four data points.
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Appendix C Figure C-11b

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs for Selected Water Quality Parameters 
July 1996- 2002

*Averages typically represent one to four data points.
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Appendix C Figure C-11c

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs for Selected Water Quality Parameters 
August 1996- 2002

*Averages typically represent one to four data points.
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Appendix C Figure C-11c

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs for Selected Water Quality Parameters 
August 1996- 2002

*Averages typically represent one to four data points.
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Appendix D Table D-1

MPCA Long Prairie River Watershed TMDL Final Project Report

Laboratory Sampling Parameters and Methods

Parameter

EPA 
Analytical 
Method* Preservation

Holding Times 
Recommended 

/Regulatory 
Maximum

Detection 
Limits

Carbonaceous BOD (20 day 
time series) 405.1 Refrigerate at 4 degrees C 6 hours/48 hours 2 mg/L
Carbonaceous BOD (5 day 
time series) Refrigerate at 4 degrees C 2 mg/L

Carbonaceous BOD (Ultimate) Refrigerate at 4 degrees C

Ammonia, Nitrogen 350.1

Analyze immediately, or add 
H2SO4 to pH < 2 and refrigerate 

at 4 degrees C 7 days/28 days 0.05 mg/L

Total Kjeldahl Nitrogen (TKN) 351.3
Add H2SO4 to pH < 2 and 
refrigerate at 4 degrees C 7 days/28 days 0.05 mg/L

Nitrite-Nitrate, Nitrogen 353.4
Add H2SO4 to pH < 2 and 
refrigerate at 4 degrees C None/28 days 0.05 mg/L

Total Phosphorus (TP) 365.4 Refrigerate 28 days 0.01 mg/L

Orthophosphate, Phosphorus 365.4
Filter as soon as possible. 
Refrigerate at 4 degrees C 6 hours/48 hours 0.01 mg/L

Chloride 300 Refrigerate 30 days 1 mg/L

Total Suspended Solids (TSS) 160.2 Refrigerate 7 days 1 mg/L

Algae Idendification and 
Enumeration --- Lugels Iodine, Refrigerate ---

variable 
(organisms 

/L)
Chlorophyll a AOAC 3.10 Refrigerate 30 days 0.001 mg/L
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Appendix D Table D-2

MPCA Long Prairie River Watershed TMDL Final Project Report

Blind Duplicate Water Quality Sample Results

DATE

TMDL 
STUDY 
NAME CWP Site Name

Chloride 
(mg/L) TSS (mg/L)

Ammonia- N 
(mg/L)

Kjeldahl 
Nitrogen 
(mg/L)

NO2- NO3/N 
(mg/L) OP (mg/L) TP (mg/L)

CBOD 5-Day 
(mg/L)

CBOD 20-
Day (mg/L)

Chloro-A 
(ug/L)

08/21/01 LPR 47.8 Site 07- Dup 25.3 6 <0.02 0.4 <0.2 0.031 0.047 <2 4 1.1
08/21/01 LPR 47.8 Site 07 24.9 7 <0.02 0.4 <0.2 0.028 0.06 <2 <2 1.6

Relative Percent Difference 2% 15% 0% 10% 24% 37%

08/21/01 LPR 89.9 Site 09- Dup 28.1 9 <0.02 0.7 <0.2 <0.005 <0.005 <2 4 2.1
08/21/01 LPR 89.9 Site 09 27.9 10 <0.02 0.9 <0.2 <0.005 <0.005 <6 7 2.9

Relative Percent Difference 1% 11% 25% 55% 32%

09/25/01 LPR 47.8 Site 07 -Dup -- 4 <0.02 0.9 <0.2 -- 0.020 <2 5.00 1.1
09/25/01 LPR 47.8 Site 07 20.8 5 <0.02 0.3 <0.2 0.024 0.028 <2 <2 1.4

Relative Percent Difference 22% 100% 33% 24%

09/25/01 LPR 67.0 Site 01- Dup 21.2 2 <0.02 0.6 <0.2 0.019 0.024 <2 10 <1
09/25/01 LPR 67.0 Site 01 21.0 3 <0.02 0.4 <0.2 0.021 0.024 <2 10 <1

Relative Percent Difference 1% 40% 40% 10% 0% 0%
run at 4 degrees C

02/07/02 LPR 89.9 Site 09- Dup 30.6 2 0.05 0.6 <0.2 <0.005 <0.005 <2 3 --
02/07/02 LPR 89.9 30.2 4 0.03 0.8 <0.2 <0.005 <0.005 <2 3 --

Relative Percent Difference 1% 67% 50% 29% 0%
run at 4 degrees C

02/08/02 T LPR 15.8 Site 08- Moran Creek 8 3 0.24 0.1 0.24 0.008 0.008 <2 <2 --
02/08/02 T LPR 15.8 Site 08- Moran Creek_Dup 7.4 3 0.23 <0.1 0.23 0.008 0.011 <2 <2 --

Relative Percent Difference 8% 0% 4% 4% 0% 32%
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Appendix D Table D-3

MPCA Long Prairie River Watershed TMDL Final Project Report

Data Quality for Measurement Data
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PARAMETER UNITS
METHOD 

TYPE METHOD
METHOD 
DESCRIP. STORET CODE

Min. Anal. 
Level

PRECISION of 
duplicates

ACCURACY of 
matrix spikes

ACCURACY 
(Certified 
Reference 
Material)

PERCENT 
COMPLETE

(RPD) % recovery

Field Measurements
PH std units EPA 150.1 and 

MPCA SOP
400 NA 10% NA NA 90%

DO mg/L EPA 360.1 and 
MPCA SOP

300 NA 10% NA NA 90%

Conductivity uS/cm EPA 120.1 and 
MPCA SOP

94 NA 10% NA NA 90%

Temperature °C EPA170.1 and 
MPCA SOP

10 NA 10% NA NA 90%

Flow cfs USGS* and 
MPCA SOP 

61 NA NA NA NA 90%

Laboratory Analyses
TSS mg/L gravimetric EPA 160.2 530 2 20% NA NA 90%

Chloride mg/L titrimetric EPA 325.2 940 1 20% 80-120% NA 90%
Ammonia N mg/L electrode EPA 350.3 Total 610 0.05 20% 80-120% NA 90%

Nitrate + Nitrite N mg/L EPA 353.2 Total 630 0.1 20% 80-120% NA 90%
TKN mg/L titrimetric EPA 351.3 Total 625 0.3 20% 80-120% NA 90%

Total Phosphorus mg/L colorimetric EPA 365.3 Total 665 0.01 20% 80-120% NA 90%
Chlorophyll-A mg/L colorimetric Std.Method 

10200-H
32211 0.01 20% NA NA 90%

Carbonaceous BOD 
(20 day time series)

mg/L Std.Method 
5210-C

80082 (Reading 
on day 5)

2 NA NA NA 90%

*Note: USGS procedures are found in “Measurement and Computation of Streamflow: Volume 1. Measurement of Stage and Discharge” (1982).
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Appendix D Table D-4a

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Calculation of ∆DO from Continuous DO Measurements at LPR 88.3 and LPR 85.5

LPR 88.3

Date Daily Max
Time of Daily 

Max Daily Min
Time of 

Daily Min ∆DO
8/5-6/2002 10.13 5:35 PM 5.23 7:05 AM 4.9

LPR 85.5

Date Daily Max
Time of Daily 

Max Daily Min
Time of 

Daily Min ∆DO
8/23/01 3.56 3:30 PM 0.77 7:30 AM 2.79
9/13/01 5.69 5:01 PM 3.02 10:01 AM 2.67
9/14/01 4.22 5:01 PM 3.04 9:01 AM 1.18
9/15/01 4.33 5:01 PM 2.78 9:01 AM 1.55
9/16/01 4.11 4:01 PM 3.08 9:01 AM 1.03
9/17/01 4.23 6:01 PM 2.87 8:01 AM 1.36
9/18/01 4.28 3:01 PM 2.97 9:01 AM 1.31
9/19/01 5.28 5:01 PM 2.87 9:01 AM 2.41
9/20/01 4.52 6:01 PM 3.4 9:01 AM 1.12
9/21/01 5.79 5:01 PM 3.13 8:01 AM 2.66
9/22/01 5.18 4:01 PM 3.86 8:01 AM 1.32
9/23/01 6.57 6:01 PM 3.89 8:01 AM 2.68

8/5-6/2002 6.38 5:15 PM 2.63 7:15 AM 3.75
Statistics for LPR 85.5

 ∆DO Mean= 1.99
 ∆DO Standard Dev.= 0.87

 ∆DO n= 13
 ∆DO min= 1.03
 ∆DO max= 3.75
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Appendix D Table D-4b 

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Calculation of ∆DO from Continuous DO Measurements at LPR 21.1 and LPR 18.2

LPR 21.1

Date Daily Max
Time of 

Daily Max Daily Min
Time of 

Daily Min ∆DO
8/24/01 7.99 3:00 PM 5.03 8:00 AM 2.96

LPR 18.2 

Date Daily Max
Time of 

Daily Max Daily Min
Time of 

Daily Min ∆DO
9/12/01 9.95 3:01 PM 7.32 7:01 AM 2.63
9/13/01 10.66 4:01 PM 7.48 7:01 AM 3.18
9/14/01 9.29 5:01 PM 7.68 8:01 AM 1.61
9/15/01 9.87 4:01 PM 7.94 8:01 AM 1.93
9/16/01 9.63 4:01 PM 7.98 8:01 AM 1.65
9/17/01 9.7 5:01 PM 7.95 8:01 AM 1.75
9/18/01 9.48 3:01 PM 7.87 8:01 AM 1.61
9/19/01 10.04 5:01 PM 7.8 8:01 AM 2.24
9/20/01 9.45 5:01 PM 7.76 8:01 AM 1.69
9/21/01 10.36 3:01 PM 7.85 7:01 AM 2.51
9/22/01 9.39 4:01 PM 8.03 7:01 AM 1.36
9/23/01 11.18 4:01 PM 8.43 8:01 AM 2.75
9/24/01 11.62 4:01 PM 9.08 6:01 AM 2.54

Statistics for LPR 18.2
 ∆DO Mean= 2.1115

 ∆DO Standard Dev.= 0.56
 ∆DO n= 13

 ∆DO min= 1.36
 ∆DO max= 3.18
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Appendix D Figure D-1

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Comparison of Long Prairie River Flow Profiles 
for Each Synoptic Survey
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Appendix D Figure D-2a

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #1

August 20 to 24, 2001

Not all tributaries contributed flow during this survey, see Table 9a for flow & loading data.
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Appendix D Figure D-2a

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #1

August 20 to 24, 2001
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Appendix D Figure D-2a

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #1

August 20 to 24, 2001
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Appendix D Figure D-2b

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #2

September 24 and 25, 2001

Not all tributaries contributed flow during this survey, see Table 9a for flow & loading data.
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Appendix D Figure D-2b

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #2

September 24 and 25, 2001
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Appendix D Figure D-2b

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #2

September 24 and 25, 2001
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Appendix D Figure D-2c

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #3

February 7 and 8, 2002

Not all tributaries contributed flow during this survey, see Table 9a for flow & loading data.
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Appendix D Figure D-2c

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #3

February 7 and 8, 2002
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Appendix D Figure D-2c

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Synoptic Survey #3

February 7 and 8, 2002
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Appendix D Figure D-2d

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Special Survey #1 

August 2, 2001
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Appendix D Figure D-2d

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Special Survey #1 

August 2, 2001
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Appendix D Figure D-2d

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Special Survey #1 

August 2, 2001
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Appendix D Figure D-2e

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Special Survey #2 

August 5, 2002
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Appendix D Figure D-2e

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Special Survey #2 

August 5, 2002
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Appendix D Figure D-2e

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
Special Survey #2 

August 5, 2002
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Appendix D Figure D-3

Minnesota Pollution Control Agency
Long Prairie Rive Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:  Algae ID, 
Enumeration Data and Chlorophyll-a 

 (Special Survey 1, Synoptic Surveys 1 and 2)
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Appendix D Figure D-4a

Minnesota Pollution Control Agency 
Long Prairie River Watershed TMDL Project:  Final Project Report 

9/12/01 Dye Study Results
LPR 85.5 to 83.1

Injection Date & Time 9/13/2001 8:57
Injection Location (River Mile) 85.5

Sampling Location (River Mile) 83.1
Q (cfs) at LPR 89.9 93.54
Q (cfs) at LPR 83.1 104.22

Gallons of Dye Injected 0.5
Total Travel Dist (miles) 2.4
Total Travel Dist (feet) 12,672

Rhotamine Dye Concentrations at LPR 83.1 
8:57 am 9/13/01 Injection at LPR 85.5 
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Appendix D Figure D-4b

Minnesota Pollution Control Agency 
Long Prairie River Watershed TMDL Project:  Final Project Report 

9/12/01 Dye Study
LPR 38.5 to 34.29/12/01 Dye Test, LPR 38.5 to LPR 34.2

Injection Date & 
Time 9/12/01 9:08

Q at Injection 
(cfs) 170.26

Injection 
Location (river 

mile) 38.5
Sampling 

Location (River 
Mile)

Total Travel Dist 
(miles) Q  (cfs)

34.2 4.3 223.38

Rhotamine Dye Concentrations at LPR 34.2 
9:08 am 9/12/01 Injection at LPR 38.5 
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Appendix D Figure D-4c

Minnesota Pollution Control Agency 
Long Prairie River Watershed TMDL Project:  Final Project Report 

9/12/01 Dye Study
LPR 30.8 to 21.19/11/01- 9/12/01 Dye Study LPR 30.8  

Injection Date & Time 9/11/01 23:37
Q at Injection (cfs) 220.25
Injection Location 

(river mile) 30.8

Sampling Locations 
(River Mile)

Total Travel Dist 
(miles)

Distance 
Between Sites 

(miles) Q (cfs)
26.1 4.7 4.7 204.30
21.1 9.7 5.0
18.2 --- --- 230.63

Rhotamine Dye Concentrations at LPR 26.1 
11:37 pm Injection at LPR 30.8 
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Appendix D Figure D-4d

Minnesota Pollution Control Agency 
Long Prairie River Watershed TMDL Project:  Final Project Report 

9/26-27/01 Dye Study
LPR 83.1 to 70.79/26/01- 9/27/01 Dye Study LPR 83.1 

Injection Date & 
Time 9/26/2001 1:15

Pounds of Dye 
Injected 25

Q at Injection 
(cfs) 94.79

Injection 
Location (river 

mile) 83.1
Sampling 

Locations (River 
Mile)

Total Travel Dist 
(miles)

Distance 
Between 

Sites (miles) Q (cfs)
79.4 3.7 3.7
76.7 6.4 2.7 115.36
73.4 9.7 3.3
70.7 12.4 2.7
67.0 --- --- 139.6

Travel Times
9/26/01 Dye Study 

1:15 am Injection at LPR 83.1 
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Appendix D Figure D-4e

Minnesota Pollution Control Agency 
Long Prairie River Watershed TMDL Project:  Final Project Report 

9/26-27/01 Dye Study
LPR 47.8 to 30.8

9/26/01- 9/27/01 Dye Study LPR 47.8  
Injection Date & 

Time 9/26/01 0:00
Pounds of Dye 

Injected 13

Q at Injection (cfs) 147.86

Injection Location 
(river mile) 47.8

Sampling Locations 
(River Mile) Total Travel Dist (miles)

Distance 
Between Sites 

(miles) Q (cfs)
42.2 5.6 5.6
38.5 9.3 3.7 203.61
34.2 13.6 4.3 158.92
30.8 17.0 3.4 196.95

Rhotamine Dye Concentrations 
12:00 am Injection at LPR47.8 
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Appendix D Figure D-4f

Minnesota Pollution Control Agency 
Long Prairie River Watershed TMDL Project:  Final Project Report 

8/5-6/02 Dye Study
LPR 89.9 to 85.58/5-6/2002 Dye Study LPR 85.5

Injection Date & Time 8/5/02 11:46
Q at Injection (cfs) 111.9

Injection Location (river 
mile) 89.9

Sampling Locations 
(River Mile)

Total Travel Dist 
(miles)

Distance 
Between 

Sites 
(miles) Q (cfs)

85.5 4.4 4.4
83.1 6.8 2.4 105.3

Dye Concentrations at LPR 85.5
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Appendix D Figure D-5
Minnesota Pollution Control Agency

Long Prairie River Watershed TMDL Final Project Report

Diurnal Temperature and DO Concentrations in Long Prairie River at Mile 85.5
August 22-23, 2001 
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Appendix D Figure D-6
Minnesota Pollution Control Agency

Long Prairie River Watershed TMDL Final Project Report

Diurnal Temperature and DO Concentrations in Long Prairie River at Mile 21.1
August 22-23, 2001
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Appendix D Figure D-7

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Continuous In-situ Parameters at LPR 18.2 September 12-24, 2001
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Appendix D Figure D-8

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Continuous In-situ Parameters Recorded at LPR 85.5 September 12-24, 2001
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Appendix D Figure D-9
Minnesota Pollution Control Agency

Long Prairie River Watershed TMDL Final Project Report

Diurnal Temperature and DO Concentrations in Long Prairie River at Mile 88.3
August 5-6, 2002
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Appendix D Figure D-10
Minnesota Pollution Control Agency

Long Prairie River Watershed TMDL Final Project Report

Diurnal Temperature and DO Concentrations in Long Prairie River at Mile 85.5
August 5-6, 2002
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Appendix E 
 
 
 
 
 

Laboratory Data and QA QC Data, and Field Data Sheets 

from Synoptic Surveys 

(this appendix is included only in the master copy) 
 
 



Appendix F, Table F-1

MPCA Long Prairie River Watershed TMDL Final Project Report

QUAL-TX Model Configuration Summary

Model 
Reach 

Number Water Body Point Source or Tributary Inflow
Reach 

Start (RM)
Reach End 

(RM)
Length 

(mi)

Computational 
Element Length 

(mi)
1998 TMDL 

Reach Number
CWP Reach 

Divisions
2002 TMDL 

Reach Number
1 Long Prairie River --- 89.9 89.5 0.4 0.2 07010108-010 Upper Reach 07010108-506
2 Long Prairie River Carlos WWTP 89.5 87.5 2 0.2 07010108-010 Upper Reach 07010108-506
3 Long Prairie River --- 87.5 85.5 2 0.2 07010108-010 Upper Reach 07010108-506
4 Long Prairie River --- 85.5 83.1 2.4 0.2 07010108-010 Upper Reach 07010108-506
5 Long Prairie River --- 83.1 80.9 2.2 0.2 07010108-010 Upper Reach 07010108-506
6 Long Prairie River Spruce Creek 80.9 76.7 4.2 0.3 --- Upper Reach 07010108-505
7 Long Prairie River --- 76.7 73.3 3.4 0.2 --- Upper Reach 07010108-505
8 Long Prairie River Dismal Creek 73.3 67 6.3 0.3 --- Middle Reach 07010108-505
9 Long Prairie River --- 67 56 11 0.5 --- Middle Reach 07010108-505

10 Long Prairie River --- 56 47.6 8.4 0.4 --- Middle Reach 07010108-505
11 Long Prairie River LP Superfund, WWTP 47.6 38.5 9.1 0.1 --- Middle Reach 07010108-505
12 Long Prairie River Browerville WWTP 38.5 34.2 4.3 0.1 --- Middle Reach 07010108-505
13 Long Prairie River --- 34.2 33.6 0.6 0.3 --- Middle Reach 07010108-505
14 Eagle Creek Eagle Bend WWTP & Clarissa WWTP 12.5 0 12.5 0.5 --- Middle Reach 07010108-507
15 Long Prairie River Eagle Creek 33.6 30.8 2.8 0.4 --- Middle Reach 07010108-504
16 Long Prairie River --- 30.8 26.1 4.7 0.1 07010108-005 Middle Reach 07010108-504
17 Long Prairie River --- 26.1 21.1 5 0.2 07010108-005 Middle Reach 07010108-504
18 Long Prairie River --- 21.1 20.8 0.3 0.3 07010108-005 Middle Reach 07010108-504
19 Long Prairie River Turtle Creek 20.8 18.2 2.6 0.2 07010108-004 Lower Reach 07010108-503
20 Long Prairie River --- 18.2 15.8 2.4 0.3 07010108-004 Lower Reach 07010108-503
21 Long Prairie River Moran Creek 15.8 15.3 0.5 0.1 07010108-002 Lower Reach 07010108-502
22 Long Prairie River --- 15.3 10.3 5 0.5 07010108-002 Lower Reach 07010108-502
23 Long Prairie River Fish Trap Creek 10.3 9.2 1.1 0.1 07010108-001 Lower Reach 07010108-501
24 Long Prairie River --- 9.2 3.2 6 0.3 07010108-001 Lower Reach 07010108-501
25 Long Prairie River --- 3.2 0 3.2 0.4 07010108-001 Lower Reach 07010108-501
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Appendix F, Table F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

QUAL-TX Model Point Source and Tributary Configuration Summary

Tributary Name Inflow at TMDL Site ID Point Source Inflow Count Junction
Spruce Creek LPR 80.9 --- ---
Dismal Creek LPR 73.3 --- ---
Eagle Creek LPR 33.6 2 1
Turtle Creek LPR 20.8 --- ---
Moran Creek LPR 15.8 --- ---
Fish Trap Creek LPR 10.3 --- ---
Long Prairie River --- 6 ---

Point Source ID Inflow at TMDL Site ID Point Source Name Tributary Name
EB_SD-002 EC 12.2 City of Eagle Bend WWTP Eagle Creek
Clarissa_SD-001 EC 7.0 City of Clarissa WWTP Eagle Creek
Carlos_SD-001 LPR 89.4 City of Carlos WWTP Long Prairie River
Superfund_Site LPR 47.3 Long Prairie Superfund Site Discharges Continuously Long Prairie River
LP_SD-002 LPR 46.6 City of Long Prairie WWTP (SD-002) Long Prairie River
LP_SD-001 LPR 44.9 City of Long Prairie WWTP (SD-001) Long Prairie River
LP_SD-003 LPR 44.9 City of Long Prairie WWTP (SD-003) Long Prairie River
B_SD-001 LPR 36.1 City of Browerville WWTP Long Prairie River
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Appendix F, Table F-3

MPCA Long Prairie River Watershed TMDL Final Project Report

Summary of Data Types used to Estimate Hydraulic Coefficients

*: Data not applicable for the calculation of hydraulic coefficients along Long Prairie River

Table Key:

iw: denotes dye injection point for dye study conducted by Wenck (# - relative number to relate dye injection to monitoring 
locations) (Appendix F, Table F-5)

im: denotes dye injection point for dye study conducted by MPCA (# - relative number to relate dye injection to monitoring 
locations) (Appendix F, Table F-5)

w: Time of travel deterimined between Wenck dye injection and monitoring location to refine the QUAL-TX hydraulic coefficients 
(Appendix F, Table F-6).

m: Time of travel deterimined between MPCA dye injection and monitoring location to refine the QUAL-TX hydraulic coefficients 
(Appendix F, Table F-6).

w: data collected by Wenck during synoptic surveys
d: non-stream gauging observational data collected by Wenck
t: data collected by Todd SWCD
u: data collected by USGS

Eagle Creek R14 w, d ---
LPR 3.2 R25 w, t*, d ---
LPR 9.2 R23-24 w, d m2
LPR 15.3 R21-22 w, d ---
LPR 18.2 R18-20 w, d ---
LPR 21.1 --- d w6, im2

LPR 26.1 R17 d w6
LPR 26.6 --- w, d ---
LPR 30.8 R15-16 w, d iw6, w4, m1
LPR 34.2 R13 w, t, d w4, w5, im1

LPR 38.5 R12 w, d iw5, w4
LPR 42.2 --- d w4
LPR 47.8 R11 w, t, u, d iw4

LPR 56.0 R10 w, t, d ---
LPR 67.0 R9 w, d ---
LPR 70.7 --- d w3
LPR 73.4 R8 d w3
LPR 76.7 R6-7 w, d w3
LPR 83.1 R5 w, w, d iw3, w2
LPR 85.5 R4 t*, w, d iw2, w1
LPR 87.5 R3 d ---
LPR 89.5 R2 d ---
LPR 89.9 R1 w, t*, w, d iw1

TMDL Site ID

Model Reach ID / 
Hydraulic Coefficients

Stream Gauging Dye Study
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Appendix F, Table F-4

MPCA Long Prairie River Watershed TMDL Final Project Report

Channel Slopes used by Reaeration Equations

Model 
Reach

Slope 
(ft/ft) Slope *10

1-2 0.00025 0.0025
3 0.00022 0.0022
4 0.00020 0.002
5 0.00036 0.0036
6 0.00033 0.0033
7 0.00031 0.0031
8-9 0.00028 0.0028
10 0.00025 0.0025
11 0.00022 0.0022
12 0.00019 0.0019
13 0.00020 0.002
14-17 0.00026 0.0026
18 0.00032 0.0032
19 0.00033 0.0033
20 0.00045 0.0045
21-25 0.00093 0.0093
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Appendix F, Table F-5

MPCA Long Prairie River Watershed TMDL Final Project Report

Dye Studies

Date of Dye Study River Mile Start River Mile End Study Conducted by
August 5-6, 2002 89.9 85.5 Wenck (w1)
September 13, 2001 85.5 83.1 Wenck (w2)
September 26-27, 2001 83.1 70.7 Wenck (w3)
September 26-27, 2001 47.8 30.8 Wenck (w4)
September 12, 2001 38.5 34.2 Wenck (w5)
September 11-12, 2001 30.8 21.1 Wenck (w6)
October 3-5, 2000 34.2 30.8 MPCA (m1)
October 3-5, 2000 21.1 9.2 MPCA (m2)
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Appendix F, Table F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

TMDL Site ID Flow (cfs)

Hydraulic Coefficient Calculated 
Time of Travel from Dye 

injection (hrs)

Monitored Travel Time of 
Peak from Dye injection 

(hrs)
Percent 

Difference

LPR 89.9 110a 0
LPR 89.5 110 a 0.59

LPR 87.5 110 a 6.78

LPR 85.5 110 a 17.37 17.4 0%

LPR 85.5 103.78 c 0
LPR 83.1 104.22 4.99 5 0%

LPR 83.1 94.79 0
LPR 76.7 115.36 14.83 14.83 0%
LPR 73.4 123.51 c 25.75 25.75 0%
LPR 70.7 128.61 c 31.46 33.00b

LPR 47.8 147.86 0
LPR42.2 175.74 7.53 7.00b

LPR 38.5 203.61 12 12 0%
LPR 34.2 158.92 17.58 17.67 -1%
LPR 30.8 196.95 22.56 22.5 0%

LPR 38.5 170.26 0
LPR 34.2 223.38 5.45 5.37 2%

LPR 30.8 220.25 0
LPR 26.1 204.3 4.56 3.38b

LPR 21.1 217.05 8.8 9.72 -10%

LPR 34.2 57.5 0
LPR 30.8 62.5 6.89 6.67 3%

LPR 21.1 65.4 0
LPR 18.2 72.1 3.7 na
LPR 15.3 78.9 8.68 na

LPR 9.2 87.6 25.67 25.67 0%
a)
b)
c)

Estimate of peak arrival, data collection ended before peak was achieved.
Flow rate not available for dye study measurement, estimated as distance-weighted average

Wenck (w5) September 12, 2001 RM 38.5 to 34.2

Wenck (w6) September 11-12, 2001 RM 30.8 to 21.1

MPCA (m1) October 3, 2000 RM 34.2 to 30.8

MPCA (m2) October 3, 2000 RM 21.1 to 9.2

Wenck (w3) September 26-27, 2001 RM 83.1 to 70.7

Wenck (w4) September 26-27, 2001 RM 47.8 to 30.8

Dye Study Comparison using Final Hydraulic Coefficients

Average main channel flow rate through the Carlos reach for dye study

Wenck (w1) August 5-6, 2002 RM 89.9 to 85.5

Wenck (w2) September 13, 2001 RM 85.5 to 83.1
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Appendix F, Table F-7

MPCA Long Prairie River Watershed TMDL Final Project Report

Summary of Final QUAL-TX Hydraulic Coefficients

TMDL Site ID River Mile Model Reach Number a b c d e
LPR 89.9* 89.9 1 0.2511 0.292 0.1395 0.6061 0
LPR 89.5 89.5 2 0.1202 0.292 0.2651 0.6061 0
LPR 87.5 87.5 3 0.0703 0.292 0.3642 0.6061 0
LPR 85.5 85.5 4 0.0819 0.292 0.1526 0.6061 0
LPR 83.1* 83.1 5 0.3618 0.238 0.3927 0.4019 0
LPR 76.7* 76.7 6-7 0.0452 0.3102 0.2697 0.516 0
LPR 73.4 73.4 8 0.1547 0.3102 0.2457 0.5009 0
LPR 67* 67 9 0.179 0.2854 0.2457 0.5009 0
LPR 56* 56 10 0.4359 0.2004 0.2796 0.3855 0
LPR 47.8* 47.8 11 0.2389 0.2987 0.133 0.55 0
LPR 38.5* 38.5 12 0.2739 0.2943 0.2302 0.5113 0
LPR 34.2* 34.2 13 0.1644 0.3463 0.1154 0.5959 0
LPR 30.8* 30.8 15-16 0.2638 0.262 0.2251 0.5007 0
LPR 26.1* 26.1 17 0.2922 0.3556 0.128 0.5866 0
LPR 21.1 21.1 18 0.4054 0.2465 0.185 0.5042 0
LPR 18.2* 18.2 19-20 0.4054 0.2465 0.185 0.5042 0
LPR 15.3* 15.3 21-22 0.2249 0.2018 0.3039 0.4334 0
LPR 9.2* 9.2 23-24 0.1349 0.2975 0.2183 0.488 0
LPR 3.2* 3.2 25 0.2511 0.1973 0.2388 0.452 0
Eagle Creek* 0.66 14 0.0729 0.3013 0.5537 0.6393 0
* Hydraulic Coefficients plotted in Appendix F, Figure F-1
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Appendix F, Table F-8

MPCA Long Prairie River Watershed TMDL Final Project Report

Modeled Percent Ice Cover
Estimated from Synoptic Survey 3

Model Reach Number Model Reach Start (mi) Percent Ice Cover (%)
1 89.9 0
2 89.5 80
3 87.5 80
4 85.5 100
5 83.1 100
6 80.9 100
7 76.7 100
8 73.3 100
9 67 100

10 56 100
11 47.6 100
12 38.5 100
13 34.2 100
14 Eagle Creek 90
15 33.6 100
16 30.8 90
17 26.1 100
18 21.1 100
19 20.8 100
20 18.2 90
21 15.8 100
22 15.3 100
23 10.3 100
24 9.2 100
25 3.2 100
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Appendix F, Table F-9a

MPCA Long Prairie River Watershed TMDL Final Project Report

Diurnal DO, Average Temperature, and Photoperiod during Synoptic Surveys

Erdmann (1979b) Simplified Diurnal Curve Analysis

Continuous DO 
Measurments 
Taken During 

Survey: Photoperiod (hrs)

Upstream diurnal DO 
range (daily max 

minus minimum DO) 
(mg/L)

Upstream Average 
Temperature (C) 
(average of all 

readings during 24-hr 
period)

Downstream diurnal 
DO range (daily max 
minus minimum DO) 

(mg/L)

Downstream Average 
Temperature (C) 
(average of all 

readings during 24-hr 
period)

∆  C u Tave (C) ∆  C d Tave (C)
RM 85.5 RM 85.5 RM 21.1 RM 21.1

22-Aug-01 13.80
23-Aug-01 13.75

13.78 2.79 23.13 2.50 * 23.69

RM 88.3 rr RM 88.3 rr RM 85.5 RM 85.5
5-Aug-02 14.60
6-Aug-02 14.57

14.58 4.90 22.69 3.75 21.97

RM 85.5 RM 85.5 RM 18.2 RM 18.2
11-Sep-01 12.75 1.66 18.71
12-Sep-01 12.70 2.63 17.87
13-Sep-01 12.65 2.67 16.81 3.18 17.29
14-Sep-01 12.58 1.18 16.20 1.61 15.72
15-Sep-01 12.53 1.55 15.19 1.93 14.55
16-Sep-01 12.48 1.03 15.17 1.65 14.56
17-Sep-01 12.45 1.36 15.52 1.75 14.68
18-Sep-01 12.38 1.31 15.91 1.61 15.03
19-Sep-01 12.33 2.41 16.38 2.24 15.38
20-Sep-01 12.28 1.12 16.20 1.69 15.10
21-Sep-01 12.23 2.66 15.95 2.51 15.15
22-Sep-01 12.17 1.32 15.01 1.36 13.90
23-Sep-01 12.12 2.68 14.35 2.75 13.33
24-Sep-01 12.07 6.79 14.02 4.21 13.21
25-Sep-01 12.02 2.36 3.41 1.95 5.76

Bold Values used for Delta Method Calculations
Shaded Cells indicate DO range reported is estimated based on less than 24-hours of continuous monitoring
* denotes DO range is best-estimate from suspect data
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Appendix F, Table F-9b

MPCA Long Prairie River Watershed TMDL Final Project Report

Summary of Productivity during Synoptic Surveys

88.3 85.5 21.1 18.2
August 23, 2001 1 --- 5.69 6.25 ---

September 25, 2001 2 --- 4.87 --- 5.39
August 6, 2002 4 10.89 8.15 --- ---

DiToro and Chapra (1991) Delta Method Calculation

Continuous DO 
Measurments Taken 

During Survey:
synoptic 
survey

Upstream River Mile Downstream River Mile
Pav = Average Plant Production Rate (mg/L - day)
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Appendix F, Table F-10

MPCA Long Prairie River Watershed TMDL Final Project Report

Analysis of Potential DO Depletion from Riparian Wetland SOD in Carlos Reach of Long Prairie River

Riparian Estimated Estimated Estimated
Channel Wetland "Active" "Active" "Active"

Upstream Downstream Length Thalweg Width Width Area Area
Reach Description River Mile River Mile (feet) (feet) (feet) (feet) (sq ft) (sq m)

LPR 89.9 to RR bridge 89.9 88.3 8,448 5,000 1,000 500 2,500,000 232,250
RR bridge to cattle Xing 88.3 87.4 4,752 3,500 450 225 787,500 73,159
cattle Xing to LPR 85.5 87.4 85.5 10,032 6,000 700 350 2,100,000 195,090

Estimated
"Active"

Area
Reach Description (sq m) 1.0 3.0 5.0 1.0 3.0 5.0

LPR 89.9 to RR bridge 232,250 2.7 8.1 13.4 1.0 2.9 4.8
RR bridge to cattle Xing 73,159 0.8 2.5 4.2 0.3 0.9 1.5
cattle Xing to LPR 85.5 195,090 2.3 6.8 11.3 0.8 2.4 4.0

Total 2.1 6.2 10.3

for SOD (g O2/sq m-day) = and SOD (g O2/sq m-day) =

Steady-State Reach DO Change
Mass Rate O2 Removal (g O2/sec) for Q = 100 cfs (2.8 cu m/sec)
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Appendix F, Table F-11

MPCA Long Prairie River Watershed TMDL Final Project Report

August 2001 and September 2001 CBODu used in QUAL-TX for Calibration
Ratio of 5-day to 20-day CBOD, Synoptic Surveys of Long Prairie River

Date Station R.M. Note
CBOD   5-

Day
y(20) = CBOD 20-

Day
Detect. 
Limit y(5)* y5* / y(20)

tL = Lag 
Time

kd = Decay 
Rate

Estimated C-
BOD ultimate

Observed C-
BOD ultimate

mg/L mg/L mg/L mg/L days 1/day mg/L

August 2001:

08/21/01 LPR 89.9 a < 6 7 6 3 0.429 1 0.104 8.12

08/21/01 LPR 89.9 a < 2 4 2 1 0.250 1 0.104 4.64

08/21/01 LPR 85.5 < 2 4 2 1 0.250 1 0.104 4.64 8.73

08/21/01 LPR 76.7 < 2 5 2 1 0.200 1 0.104 5.80

08/21/01 LPR 67.0 2 2 2 2 1.000 1 0.104 2.32

08/21/01 LPR 56.0 < 2 2 2 1 0.500 1 0.104 2.32

08/21/01 LPR 47.8 b < 2 4 2 1 0.250 1 0.104 4.64

08/22/01 LPR 34.2 < 2 5 2 1 0.200 1 0.104 5.80

08/22/01 LPR 30.8 < 2 2 2 1 0.500 1 0.104 2.32

08/21/01 LPR 21.1 < 2 3 2 1 0.333 1 0.104 3.48 4.5

08/21/01 LPR 15.3 < 2 6 2 1 0.167 1 0.104 6.96

08/21/01 LPR 11.8 < 2 2 2 1 0.500 1 0.104 2.32

08/21/01 LPR 3.2 < 6 4 6 3 0.750 1 0.104 4.64

08/21/01 T LPR 73.3 < 2 2 2 1 0.500 1 0.104 2.32

08/21/01 T LPR 15.8 < 6 8 6 3 0.375 1 0.104 9.28

08/21/01 T LPR 80.9 < 2 4 2 1 0.250 1 0.104 4.64

08/21/01 T LPR 20.8 < 2 5 2 1 0.200 1 0.104 5.80

Average 0.391 4.71

Standard Deviation 0.222 2.11

Count 17 17

September 2001:

09/25/01 LPR 89.9 < 2 6 2 1 0.167 4 0.104 7.38

09/25/01 LPR 85.5 < 2 9 2 1 0.111 4 0.104 11.07 4.03

09/25/01 LPR 83.1 < 2 2 2 1 0.500 4 0.104 2.46

09/25/01 LPR 76.7 < 2 15 2 1 0.067 4 0.104 18.45

09/25/01 LPR 67.0 c < 2 10 2 1 0.100 4 0.104 12.30

09/25/01 LPR 56.0 < 2 11 2 1 0.091 4 0.104 13.53

09/25/01 LPR 38.5 < 2 5 2 1 0.200 4 0.104 6.15 4.67

09/25/01 LPR 34.2 < 2 10 2 1 0.100 4 0.104 12.30

09/25/01 LPR 30.8 < 2 10 2 1 0.100 4 0.104 12.30

09/25/01 LPR 21.1 < 2 13 2 1 0.077 4 0.104 15.99 4.97

09/25/01 LPR 15.3 < 2 10 2 1 0.100 4 0.104 12.30

09/25/01 LPR 9.2 < 2 13 2 1 0.077 4 0.104 15.99

09/25/01 LPR 3.2 < 2 12 2 1 0.083 4 0.104 14.76

09/25/01 T LPR 33.6 < 2 12 2 1 0.083 4 0.104 14.76

09/25/01 T LPR 15.8 < 2 12 2 1 0.083 4 0.104 14.76

09/25/01 T LPR 10.3 < 2 12 2 1 0.083 4 0.104 14.76

09/25/01 T LPR 80.9 < 2 9 2 1 0.111 4 0.104 11.07

09/25/01 T LPR 20.8 < 2 12 2 1 0.083 4 0.104 14.76

Average 0.123 12.51

Standard Deviation 0.100 3.90

Count 18 18

February 2002 Main Stem:

02/07/02 LPR 89.9 d 3 12 3 3 0.250

February 2002 Tributaries:

02/08/02 T LPR 20.8 d < 2 10 2 1 0.100

Key:

LPR 9.2 Long Prairie river mile

T LPR  20.8 Tributary confluence river mile

Notes:

a Second results are for blind dup

b Blind dup retained; other results both < 2mg/L

c Blind dup with identical results omitted

d Test at 4 degrees C 

Results with detected C-BOD5 are bolded

* y5* = C-BOD5 if detected, or 0.5*Detection Limit otherwise

Source: filtered from T:\0147\51\Database\Appendix D.xls
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Appendix F, Table F-12a

MPCA Long Prairie River Watershed TMDL Final Project Report

Calibration Event Tributary Summary

August 2001 Calibration Event

Tributary Names 
Inflow at TMDL 

Site ID
Inflow 

Rate (cfs)
Temperature 

(C)
Chloride 
(mg/L)

DO 
(mg/L)

CBODu 
(mg/L)

ON 
(mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

Chlorophyll-a 
(ug/L)

Turtle Creek LPR 20.8 10.09 23.5 5.1 8.93 5.8 1.29 0.01 0.1 0.084 15
Moran Creek LPR 15.8 4.65 22.3 6.4 9.12 9.28 0.69 0.01 0.1 0.009 1.1
Fish Trap Creek LPR 10.3 8 23.6 5 10 3.48 0.69 0.01 0.1 0.041 2

September 2001 Calibration Event

Tributary Names 
Inflow at TMDL 

Site ID
Inflow 

Rate (cfs)
Temperature 

(C)
Chloride 
(mg/L)

DO 
(mg/L)

CBODu 
(mg/L)

ON 
(mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

Chlorophyll-a 
(ug/L)

Spruce Creek LPR 80.9 15.73 10.09 6.7 10.68 11.07 0.59 0.01 0.55 0.032 3.1
Turtle Creek LPR 20.8 6.18 9.81 7.2 11.42 14.76 0.89 0.01 0.1 0.014 0.5
Moran Creek LPR 15.8 10.09 8.64 6.2 11.43 14.76 0.89 0.01 0.1 0.014 1.7
Fish Trap Creek LPR 10.3 8.97 12.18 4.1 12.13 14.76 0.89 0.01 0.1 0.022 2.2

February 2002 Calibration Event
---
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Appendix F, Table F-12b

MPCA Long Prairie River Watershed TMDL Final Project Report

7Q10 Event Tributary Summary

Summer 7Q10 Event*

Tributary Names 
Inflow at TMDL 

Site ID
Inflow 

Rate (cfs)
Temperature 

(C)
Chloride 
(mg/L)

DO 
(mg/L)

CBODu 
(mg/L)

ON 
(mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

Chlorophyll-a 
(ug/L)

Spruce Creek LPR 80.9 0.67 23 --- 8.58 7.86 0.51 0.065 0.107 0.066 ---
Dismal Creek LPR 73.3 0.44 23 --- 8.58 2.32 0.923 0.018 0.313 0.046 ---
Turtle Creek LPR 20.8 1.52 23 --- 8.58 8.59 1.027 0.029 0.077 0.077 ---
Moran Creek LPR 15.8 0.89 23 --- 8.58 5.7 0.792 0.04 0.046 0.046 ---
Fish Trap Creek LPR 10.3 0.9 23 --- 8.58 14.76 0.69 0.1 0.041 0.041 ---

Spring 7Q10 Event*

Tributary Names 
Inflow at TMDL 

Site ID
Inflow 

Rate (cfs)
Temperature 

(C)
Chloride 
(mg/L)

DO 
(mg/L)

CBODu 
(mg/L)

ON 
(mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

Chlorophyll-a 
(ug/L)

Spruce Creek LPR 80.9 2.26 21 --- 8.91 7.86 0.579 0.024 0.154 0.067 ---
Dismal Creek LPR 73.3 1.49 21 --- 8.91 2.32 0.94 0.02 0.09 0.043 ---
Turtle Creek LPR 20.8 5.13 21 --- 8.91 8.59 0.905 0.175 0.175 0.058 ---
Moran Creek LPR 15.8 3.02 21 --- 8.91 5.7 0.851 0.034 0.034 0.047 ---
Fish Trap Creek LPR 10.3 3.05 21 --- 8.91 14.76 0.64 0.03 0.1 0.027 ---

Winter 7Q10 Event*
---

* CBODu, ON, NH3-N, NO2/NO3-N, and TP values from Appendix F, Table F-22
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Appendix F, Table F-13a

MPCA Long Prairie River Watershed TMDL Final Project Report

Calibration Event Point Source Summary

August 2001 Calibration Event
---

September 2001 Calibration Event

Point Source Sites
Inflow at TMDL 

Site ID
Inflow 

Rate (cfs)
Temperature 

(C)
Chloride 
(mg/L)

DO 
(mg/L)

CBODu 
(mg/L)

ON 
(mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

Chlorophyll-a 
(ug/L)

LP SUPERFUND SITE LPR 47.3 0.67 13.52 58.4 8.58 13.38 1.02 0.04 0.88 0.1 0
LPRAIRIE WWTF SD002 LPR 46.6 2.71 15.35 434 8.98 30.28 3.73 9.67 0.1 3.67 0
LPRAIRIE WWTF SD 001 & 003 LPR 44.9 3.47 16.16 251 4.82 31.43 2.6 11.3 0.43 5.86 0
EAGLE BEND WWTF 010 EC 12.0 1.01 15.76 185 6 11.36 1.7 0.6 0.27 4.77 0

February 2002 Calibration Event
---
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Appendix F, Table F-13b

MPCA Long Prairie River Watershed TMDL Final Project Report

7Q10 Event Point Source Summary

Summer 7Q10 Event*

Point Source Sites
Inflow at TMDL 

Site ID
Inflow 

Rate (cfs)
Temperature 

(C)
Chloride 
(mg/L)

DO 
(mg/L)

CBODu 
(mg/L)

ON 
(mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

Chlorophyll-a 
(ug/L)

CARLOS WWTF 1 LPR 89.4 1.21 23 --- 8.58 35.7 4.43 0.07 0.008 2.11 ---
LP SUPERFUND SITE LPR 47.3 0.67 13.52 --- 8.58 13.38 1.02 0.04 0.88 0.1 ---
LPRAIRIE WWTF SD002 LPR 46.6 2.70 23 --- 4.83 30 5.5 14.2 0.1 5.9 ---
LPRAIRIE WWTF SD001 LPR 44.9 1.43 23 --- 4.54 66 19 60.8 0.43 17.3 ---
LPRAIRIE WWTF SD003 LPR 44.9 0.88 23 --- 6 31.7 2.4 10.3 0.43 1 ---
BROWERVILLE WWTF 010 LPR 36.1 6.16 23 --- 8.58 16.3 4.43 0.07 0.008 2.43 ---
EAGLE BEND WWTF 010 EC 6.1 1.01 23 --- 8.58 16.1 4.43 0.07 0.008 0.79 ---
CLARISSA WWTF EC 6.1 1.42 23 --- 8.58 28.6 4.43 0.07 0.008 1.49 ---

Spring 7Q10 Event*

Point Source Sites
Inflow at TMDL 

Site ID
Inflow 

Rate (cfs)
Temperature 

(C)
Chloride 
(mg/L)

DO 
(mg/L)

CBODu 
(mg/L)

ON 
(mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

Chlorophyll-a 
(ug/L)

CARLOS WWTF 1 LPR 89.4 1.21 21 --- 8.91 35.7 3.2 5.8 0.05 2.11 ---
LP SUPERFUND SITE LPR 47.3 0.67 13.52 --- 8.58 13.38 1.02 0.04 0.88 0.1 ---
LPRAIRIE WWTF SD002 LPR 46.6 2.70 21 --- 4.83 53 5.5 14.2 0.1 5.9 ---
LPRAIRIE WWTF SD001 LPR 44.9 1.43 21 --- 4.54 66 77 249.5 0.43 17.3 ---
LPRAIRIE WWTF SD003 LPR 44.9 0.88 21 --- 6 31.7 3.7 16.0 0.43 1 ---
BROWERVILLE WWTF 010 LPR 36.1 6.16 21 --- 8.91 16.3 3.2 5.8 0.05 2.43 ---
EAGLE BEND WWTF 010 EC 6.1 1.01 21 --- 8.91 16.1 3.2 5.8 0.05 2.7 ---
CLARISSA WWTF EC 6.1 1.42 21 --- 8.91 28.6 3.2 5.8 0.05 1.49 ---

Winter 7Q10 Event*
---

* Values from DMR Summary for WWTFs summarized in Appendix F, Table F-19b
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Appendix F, Table F-14

MPCA Long Prairie River Watershed TMDL Final Project Report

 Data from State Climatology Working Group Web Page
(www.climate.umn.edu)

Preceding 21-Aug 25-Sep 7-Feb 7-Feb 7-Feb
Days P P P Tmx Tmn

(in) (in) (in) (F) (F)
0 0 0 0 48 19
1 0 0 0 49 20
2 0 0.47 0 35 11
3 0.07 0.47 0 27 -8
4 0.07 0.74 0.01 25 9
5 0.19 0.74 0.01 31 12
6 0.19 0.75 0.01 27 5
7 0.19 0.75 0.01 24 5
8 0.19 0.75 0.05 22 -4
9 0.19 0.76 0.05 12 2

10 0.19 1.16 0.05 21 7
11 0.19 1.16 0.05 39 21
12 0.19 1.16 0.05 46 22
13 0.19 1.16 0.05 50 23
14 0.19 1.16 0.05 33 1
15 0.19 1.16 0.05 43 7
16 0.19 1.16 0.05 45 16
17 0.19 1.84 0.05 29 13
18 0.19 2.27 0.05 26 7
19 0.19 2.27 0.05 27 3
20 0.22 2.27 0.05 15 -8

Note:  Temperature at or above 32 degrees are bolded

Preceding Air TemperaturePreceding Cumulative Precipitation
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Appendix F, Table F-15

MPCA Long Prairie River Watershed TMDL Final Project Report

Incremental Inflows by Model Run

Model Run:

Flow at Long 
Prairie River 

USGS station 
(cfs)

Total 
Incremental 

Inflow (cfs/RM)

Groundwater 
Inflow 

(cfs/RM)

Runoff 
Inflow 

(cfs/RM)
August 2001 Calibration Event ( AUG ) 162 0.64 0.64 0
September 2001 Calibration Event ( SEP ) 154 1.18 0.64 0.54
February 2002 Calibration Event ( FEB ) 118 1.59 0.64 0.95
Summer 7Q10 Event ( SUM ) 11.4 0.23 0.23 0
Spring 7Q10 Event ( SPR ) 38.6 0.78 0.23 0.55
Winter 7Q10 Event ( WIN ) 6.9 0.16 0.16 0

Published gains in stream flow (cfs/RM)
Myette (1984)
Myette (1984)
McBride (1975)

0.85
1.3
0.6
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Appendix F, Table F-16

MPCA Long Prairie River Watershed TMDL Final Project Report

Groundwater Quality Monitoring Data

ID Agency Unique Well ID
depth of 
Well (ft) Source of Water

Date of 
Collection Time of Collection

NO2 + 
NO3 as 
Nitrogen 
(mg/L)

Phosphorus, 
dissolved 

(mg/L)

1 SWCD T129 R37 Sec 1  SE 1/4 NE 1/4 70 Dean Yohnke 08/13/02 10:15
2 SWCD T129 R37 Sec 1  SW 1/4 NE 1/4 60 Charles Yohnke 08/13/02 11:05
3 SWCD T129 R37 Sec 12 SE 1/4 NW 1/4 30 Martin Tonn 08/13/02 10:45
4 SWCD T129 R35 Sec 16  NW 1/4 SW 1/4 104 Tim Bruder 08/13/02 11:30
5 SWCD T130 R33 Sec 9 N 1/2 SW 1/4 NW 1/4 150 Joe Myres 08/13/02 01:30
6 SWCD T132 R33 Sec 14 SW 1/4 SE 1/4 30 Jim Olson 08/13/02 03:10
7 MN040 455349095220501 128N37W18ADDC 01 08/27/96 10:00:00 AM
8 USGS 460041094595101 T129NR34W05CBAB 07/27/94 12:45:00 PM 0.066
9 USGS 460624094473501 130N33WS02AAA 01 07/27/94 11:15:00 AM 11

10 USGS 455647094515401 T129NR33W32ABBC 07/26/94 12:15:00 PM 19
11 USGS 460412094515301 T130NR33WS17DBB 07/26/94 4:00:00 PM 2.3
12 USGS 454831094462601 T127NR33WS13DBA 07/22/94 12:05:00 PM 13
13 USGS 455049094503001 T128NR33WS33CCC 05/04/94 8:45:00 AM 3.2
14 USGS 455951094562501 T129NR34WS10DA 05/04/94 12:00:00 PM 0.05
15 USGS 455958094395501 T129NR32WS12BCD 05/04/94 1:15:00 PM 12
16 USGS 454641094584701 127N34W29DAC 05/03/94 10:40:00 AM 0.05
17 USGS 454744094464701 T127NR33WS24DBB 05/03/94 2:20:00 PM 0.05
18 USGS 454744094464701 T127NR33WS24DBB 05/03/94 2:25:00 PM 0.05
19 USGS 454755095003201 T127NR34WS19BDB 05/03/94 12:20:00 PM 0.05
20 USGS 455321094535701 T128NR34WS24ABB 05/03/94 4:25:00 PM 0.05
21 USGS 445614093215301 117N21W17DDB02 DES MOINES OUTWASH (112DSMO) 12/16/83 12:00:00 PM 0.1 0.17
22 USGS 455900095162001 129N36W18CBB01 19.4 OUTWASH DEPOSITS (112OTSH) 11/15/83 2:00:00 PM 22
23 USGS 455926095122901 129N36W15BBB01 18 OUTWASH DEPOSITS (112OTSH) 11/15/83 11:30:00 AM 10
24 USGS 455900095162001 129N36W18CBB01 19.4 OUTWASH DEPOSITS (112OTSH) 07/27/83 2:30:00 PM 19
25 USGS 455926095122901 129N36W15BBB01 18 OUTWASH DEPOSITS (112OTSH) 07/26/83 6:00:00 PM 14
26 USGS 455926095122901 129N36W15BBB01 18 OUTWASH DEPOSITS (112OTSH) 05/19/83 12:15:00 PM 11
27 USGS 455900095162001 129N36W18CBB01 19.4 OUTWASH DEPOSITS (112OTSH) 05/18/83 12:30:00 PM 17
28 USGS 455900095162001 129N36W18CBB01 19.4 OUTWASH DEPOSITS (112OTSH) 02/23/83 12:45:00 PM 13
29 USGS 455926095122901 129N36W15BBB01 18 OUTWASH DEPOSITS (112OTSH) 02/23/83 5:30:00 PM 3.9
30 USGS 455926095122901 129N36W15BBB01 18 OUTWASH DEPOSITS (112OTSH) 08/24/82 1:00:00 PM 5.7
31 USGS 445614093215301 117N21W17DDB02 23 DES MOINES OUTWASH (112DSMO) 06/02/80 3:30:00 PM
32 USGS 445614093215301 117N21W17DDB02 DES MOINES OUTWASH (112DSMO) 06/02/80 3:35:00 PM
33 USGS Average of several wellsAverage of several wells Viking Basin (sand plain area) 01/01/89 13 0.03
34 USGS Median of several wells Median of several wells Viking Basin (sand plain area) 01/01/89 10 0.02
35 129N33W21bbd 83 Surface outwash aquifer 11/28/79 0.21 0.05
36 130N33W8bdd 60 Surface outwash aquifer 11/28/79 0.03 0.06
37 131N34W27abb 40 Surface outwash aquifer 11/28/79 4.50 0.05
38 128N33W17ccb 62 Surface outwash aquifer 09/18/79 0.09 0.005
39 129N33W5ccb 27 Surface outwash aquifer 09/18/79 0.24 0.01
40 130N33W4dbd 46 Surface outwash aquifer 09/18/79 0.09 0.005
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Appendix F, Table F-16

MPCA Long Prairie River Watershed TMDL Final Project Report

Groundwater Quality Monitoring Data

ID
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Water 
Temperature 

(C) Chloride (mg/L)

Organic 
carbon, 

dissolved 
(mg/L)

Theoretical BOD 
ultimate (mg/L) 

based on 
stoichiometry A

Theoretical BOD 
ultimate (mg/L) 

based on 
stoichiometry B

SPECIFIC 
CONDUCTANCE 
(MICROSIEMENS/C
M AT 25 DEG. C)

OXYGEN 
DISSOLVED 
(MG/L)

NITROGEN 
ORGANIC 
DISSOLVED 
(MG/L AS N)

NITROGEN 
AMMONIA 
DISSOLVED 
(MG/L AS N) Source of Data

11.81 439 2.14 Todd SWCD
10.19 325 2.05 Todd SWCD
12.97 520 1.9 Todd SWCD
9.17 447 1.64 Todd SWCD

12.35 425 0.78 Todd SWCD
10.88 413 1.04 Todd SWCD
10.9 92 868 0.7 USGS (web site)

9.9 0.5 563 0.1 1.5 USGS (web site)

10.7 14 375 2.7 0.03 USGS (web site)

10.5 13 384 6.6 0.01 USGS (web site)

12.4 28 669 5.4 0.2 USGS (web site)

10.9 26 641 2.2 0.12 USGS (web site)

9.4 14 634 0.1 0.04 USGS (web site)

9 1.1 738 0.1 1.4 USGS (web site)

9.1 7.5 414 3.7 0.02 USGS (web site)

8.8 1.3 694 0.1 0.48 USGS (web site)

8.9 2.4 519 0.1 0.06 USGS (web site)

2.3 0.07 USGS (web site)

7.2 1.1 964 0.2 0.72 USGS (web site)

8.7 1.8 510 0.1 0.44 USGS (web site)

12 39 10 26.70 34.70 1080 0 1.1 USGS (web site)

9.5 660 USGS (web site)

10.5 480 USGS (web site)

9 620 USGS (web site)

8.5 530 USGS (web site)

7 520 USGS (web site)

8 650 USGS (web site)

9 560 USGS (web site)

7.5 550 USGS (web site)

9.5 4.1 1.7 4.54 5.90 515 0.180 0.02 USGS (web site)

9.5 9 24.03 31.23 1020 USGS (web site)

61 USGS (web site)

9.3 2 5.34 6.94 633 0.3 0.15 (Anderson, 1989)

9 1.9 5.07 6.59 575 0.18 0.08 (Anderson, 1989)

8.0 15 (Myette, 1984)

8.0 12 (Myette, 1984)

8.0 92 (Myette, 1984)

10.0 9.6 (Myette, 1984)

11.5 9.4 (Myette, 1984)

10.0 9.6 (Myette, 1984)
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Appendix F, Table F-16

MPCA Long Prairie River Watershed TMDL Final Project Report

Groundwater Quality Monitoring Data

ID Agency Unique Well ID
depth of 
Well (ft) Source of Water

Date of 
Collection Time of Collection

NO2 + 
NO3 as 
Nitrogen 
(mg/L)

Phosphorus, 
dissolved 

(mg/L)

41 130N33W17dbb 27 Surface outwash aquifer 09/18/79 5.30 0.005
42 132N33W26dcc 31 Surface outwash aquifer 09/18/79 0.01 0.01
43 133N32W14ccd 24 Surface outwash aquifer 09/18/79 0.01 0.20
44 USGS 455337094521001 128N33W17CCB01 WADENA OUTWASH (112WDNO) 09/18/79 8:30:00 AM 4 0.01
45 131N32W18bcc 27 Surface outwash aquifer 09/11/79 0.01 0.005
46 131N32W18bcc 27 Surface outwash aquifer 05/01/79 0.03 0.01
47 132N33W26dcc 31 Surface outwash aquifer 05/01/79 0.02 0.01
48 133N32W14ccd 24 Surface outwash aquifer 05/01/79 0.01 0.18
49 128N33W17ccb 62 Surface outwash aquifer 04/30/79 6.40 0.01
50 129N33W5ccb 27 Surface outwash aquifer 04/30/79 0.005 0.01
51 130N33W4dbd 46 Surface outwash aquifer 04/30/79 0.01 0.01
52 130N33W17dbb 27 Surface outwash aquifer 04/30/79 4.50 0.03
53 USGS 455337094521001 128N33W17CCB01 WADENA OUTWASH (112WDNO) 04/30/79 2:42:00 PM 6.4 0.01
54 USGS 445614093215301 117N21W17DDB02 23 DES MOINES OUTWASH (112DSMO) 04/03/79 11:30:00 AM
55 USGS 445614093215301 117N21W17DDB02 DES MOINES OUTWASH (112DSMO) 04/03/79 11:35:00 AM 0.01
56 128N33W5cac 58 Surface outwash aquifer 03/08/79 0.005 0.04
57 131N32W18bbc 27 Surface outwash aquifer 03/07/79 0.005 0.09
58 133N32W14ccd 24 Surface outwash aquifer 03/06/79 0.005 0.19
59 129N36W15bbb Surface outwash aquifer 11/13/73 0.1
60 129N36W18cbb 29 Surface outwash aquifer 11/13/73 8.6
61 USGS 455900095162001 129N36W18CBB01 OUTWASH DEPOSITS (112OTSH) 11/13/73 3:00:00 PM
62 129N37W13aac Surface outwash aquifer 10/26/72 27
63 129N33W21bbd 83 Surface outwash aquifer 03/08/67
64 131N34W27abb 40 Surface outwash aquifer 03/08/67
65 USGS 460427095380301 130N39W18ACB 08/28/65 (blank)
66 USGS 454716095383801 127N40W25ABB 178 08/27/65 (blank)
67 130N33W8bdd 60 Surface outwash aquifer 06/22/64

min 18 0.005 0.0050
max 178 27.0 0.200
average 44 5.238 0.049
Count 42 51 25
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Appendix F, Table F-16

MPCA Long Prairie River Watershed TMDL Final Project Report

Groundwater Quality Monitoring Data

ID
141

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Water 
Temperature 

(C) Chloride (mg/L)

Organic 
carbon, 

dissolved 
(mg/L)

Theoretical BOD 
ultimate (mg/L) 

based on 
stoichiometry A

Theoretical BOD 
ultimate (mg/L) 

based on 
stoichiometry B

SPECIFIC 
CONDUCTANCE 
(MICROSIEMENS/C
M AT 25 DEG. C)

OXYGEN 
DISSOLVED 
(MG/L)

NITROGEN 
ORGANIC 
DISSOLVED 
(MG/L AS N)

NITROGEN 
AMMONIA 
DISSOLVED 
(MG/L AS N) Source of Data

9.0 7.7 (Myette, 1984)

9.0 5.8 (Myette, 1984)

7.0 2.1 (Myette, 1984)

11 2.8 420 USGS (web site)

10.0 1 (Myette, 1984)

9.0 1.5 4.6 12.28 15.96 (Myette, 1984)

7.5 32 1.4 3.74 4.86 (Myette, 1984)

6.0 1.2 8.4 22.43 29.15 (Myette, 1984)

7.2 2.1 1.6 4.27 5.55 (Myette, 1984)

7.2 22 6.4 17.09 22.21 (Myette, 1984)

8.2 23 6.9 18.42 23.94 (Myette, 1984)

8.0 8.7 2.7 7.21 9.37 (Myette, 1984)

7.2 2.1 510 USGS (web site)

9 8 21.36 27.76 890 USGS (web site)

81 9.2 24.56 31.92 USGS (web site)

6.5 1.7 2.9 7.74 10.06 (Myette, 1984)

6.0 1.1 4.7 12.55 16.31 (Myette, 1984)

6.0 1.3 7.1 18.96 24.64 (Myette, 1984)

11 4.4
10 12
10 12 603 USGS (web site)

7.5 52
5.8 (Myette, 1984)

9.4 (Myette, 1984)

13 USGS (web site)

7.5 1580 USGS (web site)

9.4 2 (Myette, 1984)

6.0 0.5 1.4 3.74 4.86 325 0.0 0.1800 0.0100
13.0 92.0 10 26.70 34.70 1580 6.6 0.3000 1.5000
9.15 15.49 5.21 13.90 18.06 620 1.583 0.220 0.379

58 51 17 17 17 37 20 3 17
Theoretical BOD ultimate notes: 
A) Assumes complete stabilization of the organic carbon requires 2.67 mg of oxygen for every mg of carbon that is oxidized.
B) Assumes complete stabilization of the organic carbon (for Algae) requires 3.47 mg of oxygen for every mg of carbon that is oxidized
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Appendix F, Table F-17

MPCA Long Prairie River Watershed TMDL Final Project Report

Incremental Inflow Water Quality Parameters

Model Event CBODu (mg/L) ON (mg/L)
NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L) CBODu (mg/L) ON (mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L)

TP 
(mg/L)

August, 2001 17 0.3(a), 1.2(b) 0.19 0.8(c), 1.8(d) 0.08 --- --- --- --- ---
September, 2001 17 0.3(a), 1.2(b) 0.19 0.8(c), 1.8(d) 0.08 246.4(e), 34.5(f) 0.3(a), 1.64(b) 0.19 0.8(c), 1.8(d) 0.08

February, 2002 17 0.3 0.19 0.8(c), 1.8(d) 0.08 7.8 0.3 0.19 0.8(c), 3.0(d) 0
Summer 7Q10 17 0.3(a), 1.2(b) 0.19 0.8(c), 1.8(d) 0.08 --- --- --- --- ---
Winter 7Q10 17 0.3(a), 1.2(b) 0.19 0.8(c), 1.8(d) 0.08 --- --- --- --- ---
Spring 7Q10 17 0.3(a), 1.2(b) 0.19 0.8(c), 1.8(d) 0.08 34.5 0.3(a), 1.64(b) 0.19 0.8(c), 1.8(d) 0.08

  Multiple values in cells denote reach variable parameters.
(a) Value used in Model Reaches 1-11; 14
(b) Value used in Model Reaches 12-13; 15-25 (Browerville (LPR 38.5) downstream (LPR 0.0))
(c) Value used in Model Reaches 1-10; 20-25
(d) Value used in Model Reaches 11-19 (between LPR 47.6 (upstream of superfund discharge) to LPR 18.2 (Bridge downstream of turtle creek inflow, after 15, 400th Street))
(e) Value used in Model Reaches 1-3 (Carlos Reach)
(f) Value used in Model Reaches 4-25

August, Summer, and Winter model runs do not have a runoff flow component.

Groundwater Runoff 
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Appendix F, Table F-18

MPCA Long Prairie River Watershed TMDL Final Project Report

Modeled vs Monitored Water Quality Calibration Summary

DO Calibration
August 20, 22-24 2001 September 24-25 2001 February 7-8 2002

River Mile

Monitored 
Average DO 

(mg/L)
Modeled DO 

(mg/L)
Percent 

Difference

Monitored 
Average DO 

(mg/L)
Modeled DO 

(mg/L)
Percent 

Difference

Monitored 
Average DO 

(mg/L)
Modeled DO 

(mg/L)
Percent 

Difference
89.9 9.66 9.7 0% 8.40 8.4 0% 15.23 15.2 0%
85.5 3.06 2.8 -8% 6.13 6.1 0% 12.81 14.1 10%
83.1 6.21 4.5 -28% 8.79 7.5 -15% --- 13 ---
79.4 9.24 7 -24% --- 8.9 --- --- 12.3 ---
76.7 6.88 7.1 3% 9.45 9.5 1% 11.03 11.7 6%
67 5.92 6.8 15% 9.48 9.4 -1% 11.13 10.8 -3%
56 8.06 6.8 -16% 9.59 9 -6% 9.58 9.9 3%

49.3 --- 7.3 --- 10.15 9.2 -9% --- 9.8 ---
47.8 7.29 7.4 2% 10.34 9.2 -11% 10.98 9 -18%
47.2 --- 7.4 --- 9.93 9.2 -7% --- 8 ---
42.2 --- 7.6 --- 9.35 9 -4% --- 7.8 ---
38.5 7.57 7.7 2% 9.71 9 -7% 8.37 7.7 -8%
34.2 7.41 7.8 5% 9.64 9 -7% 8.22 7.6 -8%
30.8 7.49 7.9 6% 9.89 9.1 -8% 7.27 7.4 2%
21.1 7.81 8.1 4% 9.83 9.5 -3% 7.09 6.7 -6%
18.2 8.50 8.2 -4% 10.35 9.6 -7% 8.24 7.4 -10%
15.3 9.55 8.4 -12% 11.30 9.9 -12% 7.60 7.3 -4%
11.8 10.70 8.6 -20% 12.23 10.2 -17% --- 7.3 ---
9.2 10.27 8.7 -15% 13.13 10.3 -22% 7.60 7.2 -5%
3.2 10.21 8.8 -14% 13.38 10.4 -22% 7.25 7.2 -1%

Average Percent Difference -6% -8% -3%

CBODu Calibration
August 20, 22-24 2001 September 24-25 2001 February 7-8 2002

River Mile

Monitored 
Average 

CBOD 20-
day(mg/L)

Modeled 
BOD (mg/L)

Percent 
Difference

Monitored 
Average 

CBOD 20-
day(mg/L)

Modeled 
BOD (mg/L)

Percent 
Difference

Monitored 
Average 

CBOD 20-
day(mg/L)

Modeled 
BOD (mg/L)

Percent 
Difference

89.9 6.4 6.38 0% 7.4 7.66 4% 12.0 11.99 0%
85.5 4.6 6.11 32% 11.1 12.84 16% --- 11.52 ---
83.1 2.3 5.94 --- 2.5 12.77 --- --- 11.27 ---
79.4 --- 5.75 --- --- 12.51 --- --- 10.98 ---
76.7 5.8 5.38 -7% 18.5 12.15 -34% --- 10.58 ---

67 2.3 4.98 --- 12.3 12.02 -2% --- 10.05 ---
56 2.3 5.01 --- 13.5 12.38 -8% --- 9.9 ---

49.3 --- 5.14 --- --- 12.72 --- --- 9.9 ---
47.8 4.6 5.17 11% 2.5 12.78 --- --- 9.9 ---
47.2 --- 5.18 --- --- 12.8 --- --- 9.9 ---
42.2 --- 5.26 --- --- 13.6 --- --- 9.87 ---
38.5 2.3 5.31 --- 6.2 13.69 123% --- 9.86 ---
34.2 5.8 5.37 -7% 12.3 13.81 12% --- 9.85 ---
30.8 2.3 5.42 --- 12.3 14.29 16% --- 9.82 ---
21.1 3.5 5.56 60% 16.0 14.46 -10% --- 9.8 ---
18.2 --- 5.61 --- --- 14.51 --- --- 9.8 ---
15.3 7.0 5.71 -18% 12.3 14.54 18% --- 9.78 ---
11.8 2.3 5.62 --- --- 14.4 --- --- 9.7 ---

9.2 2.3 5.48 --- 16.0 14.31 -11% --- 9.64 ---
3.2 4.6 5.35 15% 14.8 14.07 -5% --- 9.51 ---

NOTE: gray shaded cells are non detect shown as half the detection limit. 
"< DL" in the Percent Difference Column denotes when the Model is predicting below the Detection Limit.
Average Percent Difference 11% 10% 0%
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Appendix F, Table F-18

MPCA Long Prairie River Watershed TMDL Final Project Report

Modeled vs Monitored Water Quality Calibration Summary

TP Calibration
August 20, 22-24 2001 September 24-25 2001 February 7-8 2002

River Mile

Monitored 
Average TP 

(mg/L)
Modeled TP 

(mg/L)
Percent 

Difference

Monitored 
Average TP 

(mg/L)
Modeled TP 

(mg/L)
Percent 

Difference

Monitored 
Average TP 

(mg/L)
Modeled TP 

(mg/L)
Percent 

Difference
89.9 0.003 0 -100% 0.003 0 -100% 0.003 0.000 -100%
85.5 0.016 0.01 -38% 0.010 0.01 0% 0.006 0.010 67%
83.1 0.026 0.02 -23% 0.009 0.02 122% --- 0.010 ---
79.4 --- 0.03 --- --- 0.03 --- --- 0.010 ---
76.7 0.037 0.04 8% 0.061 0.04 -34% 0.008 0.010 25%
67 0.060 0.06 0% 0.024 0.06 150% 0.008 0.010 25%
56 0.047 0.06 28% 0.023 0.06 161% 0.011 0.020 82%

49.3 --- 0.06 --- --- 0.06 --- --- 0.020 ---
47.8 0.052 0.05 -4% 0.028 0.06 114% 0.008 0.020 150%
47.2 --- 0.05 --- --- 0.06 --- --- 0.020 ---
42.2 --- 0.05 --- --- 0.23 --- --- 0.020 ---
38.5 0.064 0.05 -22% 0.192 0.22 15% 0.016 0.020 25%
34.2 0.067 0.05 -25% 0.176 0.22 25% 0.016 0.020 25%
30.8 0.072 0.05 -31% 0.156 0.23 47% 0.031 0.020 -35%
21.1 0.055 0.05 -9% 0.140 0.22 57% --- 0.020 ---
18.2 --- 0.05 --- --- 0.21 --- 0.011 0.020 82%
15.3 0.052 0.05 -4% 0.108 0.2 85% 0.018 0.020 11%
11.8 0.063 0.04 -37% --- 0.19 --- --- 0.020 ---
9.2 0.049 0.04 -18% 0.078 0.18 131% --- 0.020 ---
3.2 0.043 0.04 -7% 0.079 0.18 128% 0.017 0.020 18%

Average Percent Difference -19% 64% 31%

NH3-N Calibration
August 20, 22-24 2001 September 24-25 2001 February 7-8 2002

River Mile

Monitored 
Average 
Ammonia 

(mg/L)

Modeled 
Ammonia 

(mg/L)
Percent 

Difference

Monitored 
Average 
Ammonia 

(mg/L)

Modeled 
Ammonia 

(mg/L)
Percent 

Difference

Monitored 
Average 
Ammonia 

(mg/L)

Modeled 
Ammonia 

(mg/L)
Percent 

Difference
89.9 0.01 0.01 < DL 0.01 0.01 < DL 0.04 0.04 0%
85.5 0.01 0.01 < DL 0.01 0.02 < DL 0.06 0.06 0%
83.1 0.01 0.02 < DL 0.01 0.02 < DL --- 0.06 ---
79.4 --- 0.02 --- --- 0.03 --- --- 0.07 ---
76.7 0.01 0.02 < DL 0.01 0.03 --- 0.09 0.07 -22%
67 0.01 0.02 < DL 0.01 0.03 --- 0.09 0.08 -11%
56 0.01 0.02 < DL 0.01 0.03 --- 0.07 0.09 29%

49.3 --- 0.02 --- --- 0.04 --- --- 0.1 ---
47.8 0.01 0.02 < DL 0.01 0.04 --- 0.15 0.1 -33%
47.2 --- 0.02 --- --- 0.04 --- --- 0.1 ---
42.2 --- 0.01 --- --- 0.38 --- --- 0.11 ---
38.5 0.01 0.01 < DL 0.23 0.34 48% 0.10 0.12 20%
34.2 0.03 0.01 -67% 0.19 0.3 58% 0.14 0.12 -14%
30.8 0.02 0.01 -50% 0.14 0.25 79% 0.14 0.13 -7%
21.1 0.01 0.01 < DL 0.08 0.2 150% --- 0.14 ---
18.2 --- 0.01 --- --- 0.19 --- 0.11 0.14 27%
15.3 0.01 0.01 < DL 0.01 0.17 --- 0.16 0.14 -13%
11.8 0.01 0.01 < DL --- 0.14 --- --- 0.13 ---
9.2 0.01 0.01 < DL 0.01 0.12 --- --- 0.13 ---
3.2 0.01 0 < DL 0.01 0.09 --- 0.07 0.12 71%

NOTE: gray shaded cells are non detect shown as half the detection limit. 
"< DL" in the Percent Difference Column denotes when the Model is predicting below the Detection Limit.
Average Percent Difference -58% 84% 4%
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Appendix F, Table F-18

MPCA Long Prairie River Watershed TMDL Final Project Report

Modeled vs Monitored Water Quality Calibration Summary

NO2/ NO3-N Calibration
August 20, 22-24 2001 September 24-25 2001 February 7-8 2002

River Mile

Monitored 
Average 

NO2+NO3 
(mg/L)

Modeled 
NO2+NO3 

(mg/L)
Percent 

Difference

Monitored 
Average 

NO2+NO3 
(mg/L)

Modeled 
NO2+NO3 

(mg/L)
Percent 

Difference

Monitored 
Average 

NO2+NO3 
(mg/L)

Modeled 
NO2+NO3 

(mg/L)
Percent 

Difference
89.9 0.10 0.10 < DL 0.10 0.10 < DL 0.10 0.10 < DL
85.5 0.10 0.09 < DL 0.10 0.11 < DL 0.10 0.19 < DL
83.1 0.10 0.09 < DL 0.10 0.12 < DL --- 0.23 ---
79.4 --- 0.09 --- --- 0.19 --- --- 0.29 ---
76.7 0.10 0.08 < DL 0.10 0.18 < DL 0.43 0.33 -23%
67 0.10 0.08 < DL 0.10 0.21 --- 0.41 0.44 7%
56 0.10 0.10 < DL 0.10 0.24 --- 0.56 0.51 -9%

49.3 --- 0.11 --- --- 0.26 --- --- 0.54 ---
47.8 0.10 0.11 < DL 0.10 0.27 --- 0.49 0.55 12%
47.2 --- 0.12 --- --- 0.27 --- --- 0.56 ---
42.2 --- 0.14 --- --- 0.36 --- --- 0.72 ---
38.5 0.10 0.16 < DL 0.35 0.43 23% 0.76 0.83 9%
34.2 0.10 0.19 < DL 0.41 0.49 20% 0.90 0.94 4%
30.8 0.27 0.21 -22% 0.56 0.62 11% 1.19 1.02 -14%
21.1 0.33 0.25 -24% 0.68 0.72 6% --- 1.22 ---
18.2 --- 0.26 --- --- 0.73 --- 1.46 1.28 -12%
15.3 0.30 0.25 -17% 0.76 0.71 -7% 0.87 1.27 46%
11.8 0.22 0.24 9% --- 0.72 --- --- 1.26 ---
9.2 0.10 0.23 --- 0.62 0.71 15% --- 1.26 ---
3.2 0.10 0.21 --- 0.57 0.72 26% 1.14 1.25 10%

NOTE: gray shaded cells are non detect shown as half the detection limit. 
"< DL" in the Percent Difference Column denotes when the Model is predicting below the Detection Limit.
Average Percent Difference -4% 7% 3%

Chlorophyll-a Calibration
August 20, 22-24 2001 September 24-25 2001 February 7-8 2002

River Mile

Monitored 
Average 

Chlorophyll-a 
(mg/L)

Modeled 
Chlorophyll-a 

(mg/L)
Percent 

Difference

Monitored 
Average 

Chlorophyll-a 
(mg/L)

Modeled 
Chlorophyll-a 

(mg/L)
Percent 

Difference

Monitored 
Average 

Chlorophyll-a 
(mg/L)

Modeled 
Chlorophyll-a 

(mg/L)
Percent 

Difference
89.9 2.50 2.5 0% 1.70 1.6 -6% --- 0 ---
85.5 2.60 2.6 0% 0.50 0.5 < DL --- 0 ---
83.1 2.20 2.2 0% 5.00 5 0% --- 0 ---
79.4 --- 0.9 --- --- 2.2 --- --- 0 ---
76.7 0.50 0.5 < DL 0.50 0.5 < DL --- 0 ---
67 0.50 0.5 < DL 0.50 0.5 < DL --- 0 ---
56 1.10 1.1 0% 0.50 0.5 < DL --- 0 ---

49.3 --- 1.1 --- --- 1.2 --- --- 0 ---
47.8 1.07 1.1 3% 1.40 1.4 0% --- 0 ---
47.2 --- 1 --- --- 1.5 --- --- 0 ---
42.2 --- 0.7 --- --- 2.5 --- --- 0 ---
38.5 0.50 0.5 < DL 3.20 3.2 0% --- 0 ---
34.2 1.00 1 0% 1.90 1.9 0% --- 0 ---
30.8 1.20 1.2 0% 2.40 2.4 0% --- 0 ---
21.1 2.50 2.5 0% 3.10 3.1 0% --- 0 ---
18.2 --- 1.9 --- --- 1.6 --- --- 0 ---
15.3 1.90 1.9 0% 1.60 1.6 0% --- 0 ---
11.8 2.80 2.8 0% --- 1.6 --- --- 0 ---
9.2 1.90 1.9 0% 1.60 1.6 0% --- 0 ---
3.2 4.50 4.5 0% 1.70 1.7 0% --- 0 ---

NOTE: gray shaded cells are non detect shown as half the detection limit. 
"< DL" in the Percent Difference Column denotes when the Model is predicting below the Detection Limit.
Average Percent Difference 0% 0%
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Appendix F Table F-19a

MPCA Long Prairie River Watershed TMDL Final Project Report

Discharge Monitoring Report Summaries for WWTFs Discharging within the Long Prairie River Watershed

Browerville SD-001 Eagle Bend (SD-010) Eagle Bend (SD002)

Discharge Period

Average 
Daily Flow 

(mgd) Days
CBOD5 

(mg/L)
TSS 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)

Total 
Flow 
(MG) Days

CBOD5 

(mg/L)
TSS 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)

Average 
Daily Flow 

(mgd) Days
CBOD5 

(mg/L)
TSS 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)
Jul-98 ---

Aug-98 ---
Oct-98 fall discharge 0.624 8 5 5 --- 12
Nov-98 fall discharge 0.04 --- --- --- --- ---
Dec-98 fall discharge
Jan-99 ---
Feb-99 ---
Mar-99 ---
Apr-99 spring discharge 0.06 --- 10 16 --- --- 0.624 8 8 22 --- 13

May-99 spring discharge 0.062 --- 108 302 --- --- 0.86 10 7.5 15.12 --- 7
Jun-99 spring discharge 0.07 --- 24 46 --- --- 1.608 7 4 9.5 --- 6
Jul-99 --- 0.062 --- 13 17 --- ---

Aug-99 --- 0.018 --- 13 17 --- ---
Sep-99 fall discharge 0.651 7 20.9 43.06 --- 9
Oct-99 fall discharge 1.035 14 3.8 15.8 --- 8
Nov-99 fall discharge 4.18 2 9 25 1.7 11
Dec-99 fall discharge 3.73 5 10 29 --- 12.5
Jan-00 ---
Feb-00 ---
Mar-00 ---
Apr-00 spring discharge 0.614 8 9 18 --- 11

May-00 spring discharge
Jun-00 spring discharge
Jul-00 ---

Aug-00 ---
Sep-00 fall discharge 0.623 8 1.5 12.5 --- 8
Oct-00 fall discharge 0.62 7 2 5.5 --- 12
Nov-00 fall discharge
Dec-00 fall discharge
Jan-01 ---
Feb-01 ---
Mar-01 ---
Apr-01 spring discharge 1.28 15 11 --- --- --- 1.602 7 10.8 --- --- 8

May-01 spring discharge 0.911 11 3.34 --- --- 8
Jun-01 spring discharge 0.308 5 14.7 --- --- --- 1.127 5 7.405 --- --- 7.67
Jul-01 --- 1.006 6 1.25 --- --- 9

Aug-01 ---
Sep-01 fall discharge 0.651 7 4 --- --- 6
Oct-01 fall discharge 3.76 7 2 --- 2.8 11.93 0.651 9 1.325 --- --- 12.5
Nov-01 fall discharge 2.06 3 2 --- 2.8 11.93 0.651 2 1 --- --- 13.5
Dec-01 fall discharge
Sep-02 fall discharge 0.624 8 4.33 5.7 --- ---

Notes:
Shaded cells indicate days determined by Total Discharge (MG) divided by Average Daily Discharge (mgd)
Bolded numbers indicate sample below detections limit, reported as half the detection limit
DMRs requested for July-August 1998 and September 2001 to better understand Validataion Data Set
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Appendix F Table F-19a

MPCA Long Prairie River Watershed TMDL Final Project Report

Discharge Monitoring Report Summaries for WWTFs Discharging within the Long Prairie River Watershed

Discharge Period
Jul-98 ---

Aug-98 ---
Oct-98 fall discharge
Nov-98 fall discharge
Dec-98 fall discharge
Jan-99 ---
Feb-99 ---
Mar-99 ---
Apr-99 spring discharge

May-99 spring discharge
Jun-99 spring discharge
Jul-99 ---

Aug-99 ---
Sep-99 fall discharge
Oct-99 fall discharge
Nov-99 fall discharge
Dec-99 fall discharge
Jan-00 ---
Feb-00 ---
Mar-00 ---
Apr-00 spring discharge

May-00 spring discharge
Jun-00 spring discharge
Jul-00 ---

Aug-00 ---
Sep-00 fall discharge
Oct-00 fall discharge
Nov-00 fall discharge
Dec-00 fall discharge
Jan-01 ---
Feb-01 ---
Mar-01 ---
Apr-01 spring discharge

May-01 spring discharge
Jun-01 spring discharge
Jul-01 ---

Aug-01 ---
Sep-01 fall discharge
Oct-01 fall discharge
Nov-01 fall discharge
Dec-01 fall discharge
Sep-02 fall discharge

Carlos (SD001) Clarissa (SD001)

Average 
Daily Flow 

(mgd) Days
CBOD5 

(mg/L)
TSS 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)

Average 
Daily Flow 

(mgd) Days
CBOD5 

(mg/L)
TSS 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)

0.044 31 5 5 --- 9.8
0.61 4 7.30 22 0.410 9.00

0.76 7 17 --- 2.26 12.2 0.57 7 8.75 29.5 0.91 13.00
0.68 6 13 18 0.97 10.6 0.70 11 16.33 37.66 0.75 11.67

0.87 9 3.00 10 1.94 8.00
0.61 7 3 4.33 2.125 9.7 0.92 8 3.50 10 0.66 9.00

0.61 4 7.30 10 0.41 9.00

0.68 7 5.66 --- 1.22 12.33 0.09 2 2.60 3.5 0.21 9.00
0.10 8 4.00 12 2.60 9.00

0.68 7 2 5.3 1.745 9 0.92 4 3.94 --- 0.50 7.96

0.655 9 14 3.26 13 0.92 6 11.30 --- 0.85 10.00
0.605 6 13.5 --- 1.26 10.3 0.91 14 10.63 --- 1.90 8.20

0.91 5 13.90 --- 1.55 9.00
0.91 6 42.85 --- 3.08 6.00

0.928 7 40 --- 4 9.8 0.91 9 7.33 --- 2.94 11.00
0.91 2 8.50 --- 3.62 12.00

0.92 10 3.60 6.5 3.25 ---
Notes:
Shaded cells indicate days determined by Total Discharge (MG) divided by Average Daily Discharge (mgd)
Bolded numbers indicate sample below detections limit, reported as half the detection limit
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Appendix F Table F-19a

MPCA Long Prairie River Watershed TMDL Final Project Report

Discharge Monitoring Report Summaries for WWTFs Discharging within the Long Prairie River Watershed

Discharge Period
Jul-98 ---

Aug-98 ---
Oct-98 fall discharge
Nov-98 fall discharge
Dec-98 fall discharge
Jan-99 ---
Feb-99 ---
Mar-99 ---
Apr-99 spring discharge

May-99 spring discharge
Jun-99 spring discharge
Jul-99 ---

Aug-99 ---
Sep-99 fall discharge
Oct-99 fall discharge
Nov-99 fall discharge
Dec-99 fall discharge
Jan-00 ---
Feb-00 ---
Mar-00 ---
Apr-00 spring discharge

May-00 spring discharge
Jun-00 spring discharge
Jul-00 ---

Aug-00 ---
Sep-00 fall discharge
Oct-00 fall discharge
Nov-00 fall discharge
Dec-00 fall discharge
Jan-01 ---
Feb-01 ---
Mar-01 ---
Apr-01 spring discharge

May-01 spring discharge
Jun-01 spring discharge
Jul-01 ---

Aug-01 ---
Sep-01 fall discharge
Oct-01 fall discharge
Nov-01 fall discharge
Dec-01 fall discharge
Sep-02 fall discharge

Long Prairie (SD001) Long Prairie (SD002) Long Prairie (SD003)

Average 
Daily Flow 

(mgd) Days
CBOD5 

(mg/L)
TSS 

(mg/L)
TP ave 
(mg/L)

NH3-N 
Ave 

(mg/L)
DO 

(mg/L)

Average 
Daily Flow 

(mgd) Days
CBOD5 

(mg/L)
TSS 

(mg/L)
TP ave 
(mg/L)

NH3-N 
Ave 

(mg/L)
DO 

(mg/L)

Average 
Daily Flow 

(mgd) Days
CBOD5 

(mg/L)
TSS 

(mg/L)
TP ave 
(mg/L)

NH3-N 
Ave 

(mg/L)
DO 

(mg/L)

1.22 16 7.00 237 13.89 --- 14.69 2.04 12 10.29 183 5.05 --- 16.36
1.75 7 8.00 61 4.60 --- 10.24 2.63 12 13.67 203 12.2 --- 15.37
1.75 19 16.44 406 3.86 --- 4.19 2.24 10 12.00 --- 10.7 --- 4.95

2.00 14 3.00 41 4.00 1.0 3.24
0.75 11 7.00 14.5 18.33 68.3 3.52 1.75 8 8.75 33 10.78 0.50 11.91 2.43 14 7.00 22.4 30.1 10.30 5.77
0.83 14 1.60 3.71 4.01 7.83 4.83 1.15 13 2.20 7.4 3.14 3.10 5.66

1.79 6 10.00 40.5 4.60 0.85 10.76

1.12 14 7.50 45.75 12.03 244.0 6.69 2.21 7 9.50 23 27.75 26.4 7.09
1.68 14 3.29 8.3 1.49 2.88 1.66 2.13 14 10.14 21 7.43 21.0 1.72
1.84 15 5.60 18 4.64 9.73 0.90 1.79 7 12.00 41 14.9 30.1 0.39

0.93 10 14.00 43.5 20.40 66.8 0.55 1.63 21 2.60 11.3 3.16 4.50 0.55 1.53 21 6.50 34.4 5.73 12.0 0.47
1.47 17 1.70 4.3 2.11 0.14 0.38 2.24 9 14.00 41.7 5.30 6.00 0.46
1.61 9 6.75 25.3 5.90 0.59 0.42

0.80 10 5.40 30.2 53.22 14.6 0.62

0.93 6 5.33 --- 15.77 270.7 2.92 1.75 29 9.63 --- 6.04 44.9 3.19 2.24 8 18.30 --- 10.10 30.1 0.87
0.93 9 11.20 --- 14.57 233.7 1.61 1.75 11 7.00 --- 3.27 13.2 2.21 2.24 9 6.50 --- 6.55 21.58 2.48

1.75 17 8.25 --- 8.37 25.2 0.81 1.79 26 9.82 --- 19.4 29.7 1.50

0.86 7 15.25 --- 13.25 117.8 5.35 1.75 19 1.58 --- 4.97 89.8 2.24 2.24 19 5.67 --- 2.95 8.15 3.51
1.41 6 4.00 --- 4.03 4.05 5.72

1.25 10 4.75 --- 7.50 89.8 4.67 1.19 11 9.25 --- 4.43 0.25 4.23 1.46 12 18.50 --- 3.55 14.8 3.30

0.093 14 13.50 33.25 14.58 48.880 --- 1.750 19 2.80 7.5 4.10 4.700 --- 2.24 19 5.80 17.8 56.800 11.300 ---
Notes:
Shaded cells indicate days determined by Total Discharge (MG) divided by Average Daily Discharge (mgd)
Bolded numbers indicate sample below detections limit, reported as half the detection limit
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Appendix F Table F-19b

MPCA Long Prairie River Watershed TMDL Final Project Report

Discharge Monitoring Report Summary Statistics for Municipal Discharges
within the Long Prairie River Watershed between October 1998 and December 2001

Browerville SD-001 Eagle Bend (SD-010) Eagle Bend (SD002)
Flow 
(mgd)

CBOD5 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)
Flow 
(MG)

CBOD5 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)
Flow 
(mgd)

CBOD5 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)
Average 3.43 5.75 2.43 11.84 0.24 27.67 no data no data 0.87 5.68 no data 9.42

count 4 4 3 4 8 7 0 0 16 16 0 16

spring discharge Average no data no data no data no data 0.36 33.54 no data no data 1.05 7.15 no data 8.67
count 0 0 0 0 5 5 0 0 7 7 0 7

fall discharge Average 3.43 5.75 2.43 11.84 0.04 no data no data no data 0.69 4.94 no data 10.13
count 4 4 3 4 1 0 0 0 8 8 0 8

t' --- --- --- --- --- --- --- --- 2.18 0.87 --- 1.09
t(0.05) --- --- --- --- --- --- --- --- 2.365 2.262 --- 2.179

Signif. Diff. --- --- --- --- --- --- --- --- no no --- no

Carlos (SD001) Clarissa (SD001)
Flow 
(mgd)

CBOD5 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)
Flow 
(mgd)

CBOD5 

(mg/L)
TP 

(mg/L)
DO 

(mg/L)
Average 0.63 12.57 2.11 10.75 0.72 10.08 1.49 9.46

count 9 9 8 9 15 15 15 15

spring discharge Average 0.68 12.63 1.79 11.69 0.60 9.64 1.25 9.98
count 5 5 5 5 7 7 7 7

fall discharge Average 0.56 12.50 2.62 9.58 0.82 5.84 1.50 9.42
count 4 4 3 4 7 7 7 7

t' 0.59 0.01 1.01 3.78 1.48 1.84 0.41 0.64
t(0.05) 3.182 3.182 3.182 2.571 2.365 2.306 2.262 2.201

Signif. Diff. no no no yes no no no no

Long Prairie (SD001) Long Prairie (SD002) Long Prairie (SD003)

Flow 
(mgd)

CBOD5 

(mg/L)
TP ave 
(mg/L)

Ammoni
a Ave 
(mg/L)

DO 
(mg/L)

Flow 
(mgd)

CBOD5 

(mg/L)
TP ave 
(mg/L)

Ammonia 
Ave 

(mg/L)
DO 

(mg/L)
Flow 
(mgd)

CBOD5 

(mg/L)
TP ave 
(mg/L)

Ammoni
a Ave 
(mg/L)

DO 
(mg/L)

Average 0.96 7.90 17.30 123.71 4.54 1.70 6.73 5.90 14.19 4.83 2.08 11.17 10.74 18.37 3.40
count 10 10 10 9 10 19 19 19 16 19 12 12 12 10 12

spring discharge Average 1.05 7.76 14.06 249.45 6.48 1.84 8.67 7.23 20.38 5.18 2.15 11.78 11.61 26.50 3.90
count 4 4 4 3 4 9 9 9 6 9 7 7 7 5 7

fall discharge Average 0.90 8.00 19.45 60.84 3.26 1.58 4.98 4.71 10.48 4.51 1.98 10.33 9.53 10.25 2.70
count 6 6 6 6 6 10 10 10 10 10 5 5 5 5 5

t' 1.43 0.10 0.74 9.14 1.05 2.52 2.28 0.92 0.92 0.31 0.74 0.50 0.38 6.22 0.54
t(0.05) 2.365 2.365 2.571 2.447 3.182 2.131 2.120 2.262 2.160 2.131 2.447 2.447 2.776 2.365 2.306

Signif. Diff. no no no yes no yes yes no no no no no no yes no

Statistics for DMR Summary Data from 
Oct-98 through Dec-01

By Discharge Period:

Statistics for DMR Summary Data from 
Oct-98 through Dec-01

By Discharge Period:

Statistics for DMR Summary Data from 
Oct-98 through Dec-01

By Discharge Period:
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Appendix F, Table F-20

MPCA Long Prairie River Watershed TMDL Final Project Report

Detailed Summary of Model Senstivity

QUAL-TX
CODE

QUAL-TX CODE Word Description  Word 0% -25% 25% 0% -25% 25% 0% -25% 25%
Stream Velocity VELOCITY 7.31 7.39 7.25 5.41 4.79 5.85 0.56 0.53 0.58
Stream Depth DEPTH 7.02 7.48 5.41 5.41 0.56 0.56
Stream Reaeration REAERATI 6.87 7.58 5.41 5.41 0.56 0.56
BOD Aerobic Decay Rate BOD DECA 7.39 7.24 5.96 4.93 0.56 0.56
Ammonia Decay Rate NH3 DECA 7.31 7.31 5.41 5.41 0.56 0.56
Background Ammonia Benthos Source Rate NH3 SRCE 7.32 7.31 5.41 5.41 0.56 0.56
Organic Nitrogen Decay Rate ORGN DEC 7.32 7.30 5.41 5.41 0.58 0.54
Background Sediment Oxygen Demand BENTHAL 7.52 7.10 5.41 5.41 0.56 0.56
Initial Chloryphyll a CHLOR A 7.30 7.32 5.41 5.41 0.56 0.56
Initial Macrophytes MACRO 7.09 7.53 5.41 5.41 0.56 0.56
Incremental Inflow INC INFL 7.37 7.25 5.03 5.76 0.56 0.55
Incremental BOD INC BOD 7.35 7.27 4.82 6.00 0.56 0.56
Incremental Ammonia INC NH3 7.32 7.30 5.41 5.41 0.56 0.56
Incremental Nitrate + Nitrite INC NO3 7.31 7.31 5.41 5.41 0.56 0.56
Incremental Organic Nitrogen INC ORGN 7.31 7.31 5.41 5.41 0.54 0.58

QUAL-TX 
CODE Word

Change 
[%] in DO 

when   
CODE 
Word is 

changed by 
-25%

Change 
[%] in DO 

when   
CODE 
Word is 

changed by 
+25%

Average 
Percent 
Change

Change 
[%] in 

CBODu 
when   

CODE 
Word is 

changed by 
-25%

Change 
[%] in 

CBODu 
when   

CODE 
Word is 

changed by 
+25%

Average 
Percent 
Change

Change 
[%] in ON 

when   
CODE 
Word is 

changed by 
-25%

Change 
[%] in ON 

when   
CODE 
Word is 

changed by 
+25%

Average 
Percent 
Change

VELOCITY 1% -1% -1% -12% 8% 10% -5% 3% 4%
DEPTH -4% 2% 3% 0% 0% 0% 0% 0% 0%
REAERATI -6% 4% 5% 0% 0% 0% 0% 0% 0%
BOD DECA 1% -1% -1% 10% -9% -10% 0% 0% 0%
NH3 DECA 0% 0% 0% 0% 0% 0% 0% 0% 0%
NH3 SRCE 0% 0% 0% 0% 0% 0% 0% 0% 0%
ORGN DEC 0% 0% 0% 0% 0% 0% 4% -3% -4%
BENTHAL 3% -3% -3% 0% 0% 0% 0% 0% 0%
CHLOR A 0% 0% 0% 0% 0% 0% 0% 0% 0%
MACRO -3% 3% 3% 0% 0% 0% 0% 0% 0%
INC INFL 1% -1% -1% -7% 6% 7% 1% -1% -1%
INC BOD 1% -1% -1% -11% 11% 11% 0% 0% 0%
INC NH3 0% 0% 0% 0% 0% 0% 0% 0% 0%
INC NO3 0% 0% 0% 0% 0% 0% 0% 0% 0%
INC ORGN 0% 0% 0% 0% 0% 0% -3% 3% 3%

DO [mg/L] CBODu [mg/L] Organic Nitrogen [mg/L]
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Appendix F, Table F-20

MPCA Long Prairie River Watershed TMDL Final Project Report

Detailed Summary of Model Senstivity

QUAL-TX
CODE
 Word

VELOCITY
DEPTH
REAERATI
BOD DECA
NH3 DECA
NH3 SRCE
ORGN DEC
BENTHAL
CHLOR A
MACRO
INC INFL
INC BOD
INC NH3
INC NO3
INC ORGN

QUAL-TX 
CODE Word

VELOCITY
DEPTH
REAERATI
BOD DECA
NH3 DECA
NH3 SRCE
ORGN DEC
BENTHAL
CHLOR A
MACRO
INC INFL
INC BOD
INC NH3
INC NO3
INC ORGN

0% -25% 25% 0% -25% 25% 0% -25% 25%
0.013 0.01 0.02 0.159 0.115 0.184 0.045 0.06 0.04

0.01 0.01 0.169 0.152 0.07 0.03
0.01 0.01 0.158 0.159 0.04 0.04
0.01 0.01 0.159 0.159 0.04 0.04
0.02 0.01 0.154 0.161 0.03 0.06
0.01 0.01 0.151 0.167 0.04 0.04
0.01 0.02 0.142 0.175 0.04 0.04
0.01 0.01 0.159 0.158 0.04 0.04
0.01 0.01 0.162 0.155 0.04 0.04
0.02 0.01 0.216 0.102 0.05 0.04
0.01 0.02 0.116 0.196 0.04 0.05
0.01 0.01 0.159 0.159 0.04 0.04
0.01 0.02 0.152 0.165 0.04 0.04
0.01 0.01 0.114 0.204 0.04 0.04
0.01 0.01 0.158 0.159 0.04 0.04

Change 
[%] in 
NH3-N 
when   

CODE 
Word is 

changed by 
-25%

Change 
[%] in 
NH3-N 
when   

CODE 
Word is 

changed by 
+25%

Average 
Percent 
Change

Change 
[%] in ON 

when   
CODE 
Word is 

changed by 
-25%

Change 
[%] in ON 

when   
CODE 
Word is 

changed by 
+25%

Average 
Percent 
Change

Change 
[%] in 
NH3-N 
when   

CODE 
Word is 

changed by 
-25%

Change 
[%] in 
NH3-N 
when   

CODE 
Word is 

changed by 
+25%

Average 
Percent 
Change

-17% 36% 27% -28% 16% 22% 23% -11% -17%
11% -9% -10% 7% -4% -5% 48% -25% -37%
2% -1% -2% 0% 0% 0% 0% 0% 0%
0% 0% 0% 0% 0% 0% 0% 0% 0%
48% -18% -33% -3% 2% 2% -35% 36% 36%
-10% 7% 8% -5% 5% 5% 0% 0% 0%
-20% 43% 31% -11% 10% 11% 0% 0% 0%
-1% 1% 1% 0% 0% 0% 0% 0% 0%
2% -2% -2% 2% -2% -2% 0% 0% 0%
42% -19% -30% 36% -36% -36% 19% -18% -19%
-15% 19% 17% -27% 24% 25% -1% 2% 1%
0% 0% 0% 0% 0% 0% 0% 0% 0%

-16% 32% 24% -4% 4% 4% 0% 0% 0%
0% 0% 0% -28% 28% 28% 0% 0% 0%
-3% 4% 3% 0% 0% 0% 0% 0% 0%

NO2 / NO3 - Nitrogen [mg/L] Total Phosphorus [mg/L]Ammonia Nitrogen [mg/L]
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Appendix F, Table F-21

MPCA Long Prairie River Watershed TMDL Final Project Report

Distribution of 7Q10 Flows to the Tributaries by Acreages

Summer 
7Q10 Event

Spring 
7Q10 Event

Winter 
7Q10 Event

(SUM) (SPR) (WIN)

0.23 0.23 0.16
11.4 38.6 6.9

SUM SPR WIN
US of USGS LPR 47.8 276,928 4.1E-05 1.4E-04 2.5E-05

Tributary Name SUM SPR WIN*
Spruce Creek LPR 80.9 16243 0.67 2.26 0.00
Dismal Creek LPR 73.3 10661 0.44 1.49 0.00
Eagle Creek LPR 33.6 35942 1.48 5.01 0.00
Turtle Creek LPR 20.8 36820 1.52 5.13 0.00
Moran Creek LPR 15.8 21673 0.89 3.02 0.00
Fish Trap Creek LPR 10.3 21897 0.90 3.05 0.00
* Assume that Tributarys are frozen under Winter 7Q10 Event

Flow @ USGS (cfs)

Groundwater Inflow 
(cfs/RM)

Flow entering Long Prairie River at 
TMDL Site

Incremental Inflow (cfs) per acreage

Inflow at 
TMDL Site 

Name
Tributary 
Acreage

Inflow at 
TMDL Site 

Name
Tributary 
Acreage
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Appendix F, Table F-22

MPCA Long Prairie River Watershed TMDL Final Project Report

Tributary Water Quality Monitoring Data Collected During Phase II by Wenck and Todd SWCD

DATE Year Day Month Trib ID Sampled by Ammonia NO2+3 ON TP CBODu ON Ammonia NO2+3 TP ON Ammonia NO2+3 TP
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

4/21/99 1999 21 4 spruce Creek Todd SWCD 0.02 0.25 0.29 0.04 0.29 0.02 0.25 0.04
4/27/99 1999 27 4 spruce Creek Todd SWCD 0.02 0.21 0.36 0.05 0.36 0.02 0.21 0.05
5/11/99 1999 11 5 spruce Creek Todd SWCD 0.02 0.18 1.28 0.09 1.28 0.02 0.18 0.09
5/26/99 1999 26 5 spruce Creek Todd SWCD 0.03 0.14 0.43 0.06 0.43 0.03 0.14 0.06

6/2/99 1999 2 6 spruce Creek Todd SWCD 0.02 0.18 0.41 0.07 0.41 0.02 0.18 0.07 0.41 0.02 0.18 0.07
6/15/99 1999 15 6 spruce Creek Todd SWCD 0.03 0.04 0.73 0.09 0.73 0.03 0.04 0.09 0.73 0.03 0.04 0.09
6/29/99 1999 29 6 spruce Creek Todd SWCD 0.03 0.08 0.55 0.066 0.55 0.03 0.08 0.07 0.55 0.03 0.08 0.07
7/20/99 1999 20 7 spruce Creek Todd SWCD 0.28 0.08 0.11 0.058 0.11 0.28 0.08 0.06

8/3/99 1999 3 8 spruce Creek Todd SWCD 0.02 0.16 0.47 0.063 0.47 0.02 0.16 0.06
8/21/01 2001 21 8 spruce Creek Wenck 0.01 0.1 0.79 0.048 4.64 0.79 0.01 0.10 0.05
9/25/01 2001 25 9 spruce Creek Wenck 0.01 0.55 0.59 0.032 11.07
average 0.045 0.18 0.55 0.061 7.86 0.510 0.065 0.107 0.066 0.579 0.024 0.154 0.067

count 11 11 11 11 2 6 6 6 6 7 7 7 7
6/15/99 1999 15 6 dismal Creek Todd SWCD 0.02 0.09 0.94 0.043 0.94 0.02 0.09 0.04 0.94 0.02 0.09 0.04
7/20/99 1999 20 7 dismal Creek Todd SWCD 0.02 0.14 1.08 0.066 1.08 0.02 0.14 0.07

8/3/99 1999 3 8 dismal Creek Todd SWCD 0.02 0.47 1.18 0.054 1.18 0.02 0.47 0.05
8/21/01 2001 21 8 dismal Creek Wenck 0.01 0.55 0.49 0.02 2.32 0.49 0.01 0.55 0.02
average 0.018 0.31 0.92 0.046 2.32 0.923 0.018 0.313 0.046 0.940 0.020 0.090 0.043

count 4 4 4 4 1 4 4 4 4 1 1 1 1
4/11/02 2002 11 4 Eagle creek Todd SWCD 0.320 0.74 1.68 0.225 1.68 0.32 0.74 0.23
4/23/02 2002 23 4 Eagle creek Todd SWCD 0.011 0.35 1.089 0.063 1.09 0.01 0.35 0.06
5/21/02 2002 21 5 Eagle creek Todd SWCD 0.050 0.45 0.81 0.067 0.81 0.05 0.45 0.07

6/4/02 2002 4 6 Eagle creek Todd SWCD 0.060 0.71 0.6 0.085 0.60 0.06 0.71 0.09 0.60 0.06 0.71 0.09
6/17/02 2002 17 6 Eagle creek Todd SWCD 0.011 0.78 0.529 0.048 0.53 0.01 0.78 0.05 0.53 0.01 0.78 0.05

7/9/02 2002 9 7 Eagle creek Todd SWCD 0.011 0.41 1.089 0.097 1.09 0.01 0.41 0.10
7/24/02 2002 24 7 Eagle creek Todd SWCD 0.030 0.53 0.6 0.077 0.60 0.03 0.53 0.08
7/30/02 2002 30 7 Eagle creek Todd SWCD 0.011 0.71 0.759 0.060 0.76 0.01 0.71 0.06
8/13/02 2002 13 8 Eagle creek Todd SWCD 0.030 0.65 0.56 0.048 0.56 0.03 0.65 0.05
8/26/02 2002 26 8 Eagle creek Todd SWCD 0.011 0.75 0.479 0.055 0.48 0.01 0.75 0.06
9/11/02 2002 11 9 Eagle creek Todd SWCD 0.011 0.82 0.199 0.071
9/24/02 2002 24 9 Eagle creek Todd SWCD 0.150 0.85 0.8 0.143
10/8/02 2002 8 10 Eagle creek Todd SWCD 0.011 0.33 0.859 0.094
4/10/97 1997 10 4 Eagle creek Todd SWCD 0.01 0.60 0.99 0.080 0.99 0.01 0.60 0.08
4/15/97 1997 15 4 Eagle creek Todd SWCD 0.01 0.26 0.67 0.050 0.67 0.01 0.26 0.05
4/22/97 1997 22 4 Eagle creek Todd SWCD 0.02 0.15 0.98 0.030 0.98 0.02 0.15 0.03
4/30/97 1997 30 4 Eagle creek Todd SWCD 0.02 0.28 0.87 0.020 0.87 0.02 0.28 0.02

5/6/97 1997 6 5 Eagle creek Todd SWCD 0.02 0.28 0.63 0.050 0.63 0.02 0.28 0.05
5/13/97 1997 13 5 Eagle creek Todd SWCD 0.02 0.40 0.51 0.040 0.51 0.02 0.40 0.04
5/21/97 1997 21 5 Eagle creek Todd SWCD 0.02 0.29 0.65 0.050 0.65 0.02 0.29 0.05
5/28/97 1997 28 5 Eagle creek Todd SWCD 0.02 0.22 0.66 0.030 0.66 0.02 0.22 0.03

6/3/97 1997 3 6 Eagle creek Todd SWCD 0.02 0.25 0.58 0.040 0.58 0.02 0.25 0.04 0.58 0.02 0.25 0.04
6/24/97 1997 24 6 Eagle creek Todd SWCD 0.02 0.19 0.49 0.050 0.49 0.02 0.19 0.05 0.49 0.02 0.19 0.05
6/30/97 1997 30 6 Eagle creek Todd SWCD 0.05 0.27 0.5 0.080 0.50 0.05 0.27 0.08 0.50 0.05 0.27 0.08

7/8/97 1997 8 7 Eagle creek Todd SWCD 0.03 0.24 0.51 0.050 0.51 0.03 0.24 0.05
7/15/97 1997 15 7 Eagle creek Todd SWCD 0.02 0.19 0.67 0.080 0.67 0.02 0.19 0.08
7/22/97 1997 22 7 Eagle creek Todd SWCD 0.02 0.25 0.75 0.080 0.75 0.02 0.25 0.08
8/12/97 1997 12 8 Eagle creek Todd SWCD 0.03 0.29 0.43 0.060 0.43 0.03 0.29 0.06

9/9/97 1997 9 9 Eagle creek Todd SWCD 0.25 0.19 0.19 0.050
9/23/97 1997 23 9 Eagle creek Todd SWCD 0.07 0.26 0.37 0.030 14.10
3/31/98 1998 31 3 Eagle creek Todd SWCD 0.08 0.67 1.27 0.120

4/6/98 1998 6 4 Eagle creek Todd SWCD 0.02 0.25 0.804 0.080 0.80 0.02 0.25 0.08
4/14/98 1998 14 4 Eagle creek Todd SWCD 0.02 0.210 0.908 0.055 0.91 0.02 0.21 0.06
4/21/98 1998 21 4 Eagle creek Todd SWCD 0.02 0.341 0.859 0.037 0.86 0.02 0.34 0.04
4/22/98 1998 22 4 Eagle creek Todd SWCD 0.05 0.340 0.69 0.058 0.69 0.05 0.34 0.06
4/28/98 1998 28 4 Eagle creek Todd SWCD 0.04 0.448 0.58 0.050 0.58 0.04 0.45 0.05
5/12/98 1998 12 5 Eagle creek Todd SWCD 0.02 0.310 0.85 0.093 1.45 0.85 0.02 0.31 0.09
5/19/98 1998 19 5 Eagle creek Todd SWCD 0.02 0.110 1.41 0.133 1.41 0.02 0.11 0.13
5/26/98 1998 26 5 Eagle creek Todd SWCD 0.08 0.550 0.69 0.130 0.69 0.08 0.55 0.13

6/2/98 1998 2 6 Eagle creek Todd SWCD 0.03 0.370 0.66 0.078 0.66 0.03 0.37 0.08 0.66 0.03 0.37 0.08
6/25/98 1998 25 6 Eagle creek Todd SWCD 0.05 0.200 1.17 0.110 2.61 1.17 0.05 0.20 0.11 1.17 0.05 0.20 0.11
7/28/98 1998 28 7 Eagle creek Todd SWCD 0.020 0.420 0.86 0.050 0.86 0.02 0.42 0.05
8/11/98 1998 11 8 Eagle creek Todd SWCD 0.03 0.41 0.46 0.040 0.46 0.03 0.41 0.04
8/25/98 1998 25 8 Eagle creek Todd SWCD 0.05 0.52 0.4 0.070 0.40 0.05 0.52 0.07
4/13/99 1999 13 4 Eagle creek Todd SWCD 0.02 0.16 0.78 0.05 0.78 0.02 0.16 0.05
4/21/99 1999 21 4 Eagle creek Todd SWCD 0.02 0.23 0.51 0.04 0.51 0.02 0.23 0.04
4/27/99 1999 27 4 Eagle creek Todd SWCD 0.02 0.26 0.49 0.05 0.49 0.02 0.26 0.05
5/11/99 1999 11 5 Eagle creek Todd SWCD 0.05 0.23 1.35 0.10 1.35 0.05 0.23 0.10
5/26/99 1999 26 5 Eagle creek Todd SWCD 0.03 0.26 0.91 0.08 0.91 0.03 0.26 0.08

All Data Summer Data Spring Data
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Appendix F, Table F-22

MPCA Long Prairie River Watershed TMDL Final Project Report

Tributary Water Quality Monitoring Data Collected During Phase II by Wenck and Todd SWCD

DATE Year Day Month Trib ID Sampled by Ammonia NO2+3 ON TP CBODu ON Ammonia NO2+3 TP ON Ammonia NO2+3 TP
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

6/2/99 1999 2 6 Eagle creek Todd SWCD 0.02 0.69 0.49 0.07 0.49 0.02 0.69 0.07 0.49 0.02 0.69 0.07
6/15/99 1999 15 6 Eagle creek Todd SWCD 0.02 0.05 0.84 0.096 0.84 0.02 0.05 0.10 0.84 0.02 0.05 0.10
6/29/99 1999 29 6 Eagle creek Todd SWCD 0.65 0.21 0.13 0.091 0.13 0.65 0.21 0.09 0.13 0.65 0.21 0.09
7/20/99 1999 20 7 Eagle creek Todd SWCD 0.24 0.11 0.56 0.097 0.56 0.24 0.11 0.10

8/3/99 1999 3 8 Eagle creek Todd SWCD 0.04 0.43 0.37 0.062 0.37 0.04 0.43 0.06
6/6/00 2000 6 6 Eagle creek Todd SWCD 0.02 0.17 0.7 0.039 0.70 0.02 0.17 0.04 0.70 0.02 0.17 0.04

4/10/01 2001 10 4 Eagle creek Todd SWCD 0.08 1.00 1.02 0.196 1.02 0.08 1.00 0.20
4/18/01 2001 18 4 Eagle creek Todd SWCD 0.10 0.52 0.84 0.076 0.84 0.10 0.52 0.08
4/24/01 2001 24 4 Eagle creek Todd SWCD 0.09 1.10 0.88 0.112 0.88 0.09 1.10 0.11

5/8/01 2001 8 5 Eagle creek Todd SWCD 0.02 0.17 0.52 0.045 0.52 0.02 0.17 0.05
5/23/01 2001 23 5 Eagle creek Todd SWCD 0.0500 0.29 0.66 0.074 0.66 0.05 0.29 0.07

6/5/01 2001 5 6 Eagle creek Todd SWCD 0.0500 0.55 0.45 0.068 0.45 0.05 0.55 0.07 0.45 0.05 0.55 0.07
6/19/01 2001 19 6 Eagle creek Todd SWCD 0.0067 0.01 1.0933 0.135 1.09 0.01 0.01 0.14 1.09 0.01 0.01 0.14

7/3/01 2001 3 7 Eagle creek Todd SWCD 0.0500 0.48 1.05 0.151 1.05 0.05 0.48 0.15
8/15/01 2001 15 8 Eagle creek Todd SWCD 0.0067 0.73 0.3733 0.021 0.37 0.01 0.73 0.02
8/22/01 2001 22 8 Eagle creek Wenck 0.01 0.77 0.69 0.033 (a) 0.69 0.01 0.77 0.03
9/25/01 2001 25 9 Eagle creek Wenck 0.01 0.85 0.49 0.032 14.76

2/8/02 2002 8 2 Eagle creek Wenck 0.08 1.39 0.02 0.057 1
average 0.053 0.43 0.71 0.073 6.78 0.628 0.055 0.411 0.071 0.756 0.054 0.363 0.075

count 67 67 67 67 5 30 30 30 30 43 42 42 42
4/11/02 2002 11 4 turtle creek Todd SWCD 0.300 0.13 1.3 0.134 1.30 0.30 0.13 0.13
4/23/02 2002 23 4 turtle creek Todd SWCD 0.040 0.04 0.86 0.052 0.86 0.04 0.04 0.05

5/7/02 2002 7 5 turtle creek Todd SWCD 0.020 0.03 0.97 0.033 0.97 0.02 0.03 0.03
5/21/02 2002 21 5 turtle creek Todd SWCD 0.011 0.0067 0.929 0.045 0.93 0.01 0.01 0.05

6/4/02 2002 4 6 turtle creek Todd SWCD 0.020 0.0067 0.85 0.052 0.85 0.02 0.01 0.05 0.85 0.02 0.01 0.05
6/17/02 2002 17 6 turtle creek Todd SWCD 0.011 0.03 1.089 0.071 1.09 0.01 0.03 0.07 1.09 0.01 0.03 0.07

7/9/02 2002 9 7 turtle creek Todd SWCD 0.011 0.01 1.489 0.074 1.49 0.01 0.01 0.07
7/24/02 2002 24 7 turtle creek Todd SWCD 0.240 0.01 1.16 0.231 1.16 0.24 0.01 0.23
7/30/02 2002 30 7 turtle creek Todd SWCD 0.011 0.01 1.389 0.112 1.39 0.01 0.01 0.11
8/13/02 2002 13 8 turtle creek Todd SWCD 0.120 0.01 1.48 0.089 1.48 0.12 0.01 0.09
8/26/02 2002 26 8 turtle creek Todd SWCD 0.011 0.03 1.189 0.057 1.19 0.01 0.03 0.06
9/11/02 2002 11 9 turtle creek Todd SWCD 0.030 0.06 0.58 0.062
9/24/02 2002 24 9 turtle creek Todd SWCD 0.030 0.03 1.57 0.030
10/8/02 2002 8 10 turtle creek Todd SWCD 0.011 0.01 0.619 0.035

4/9/97 1997 9 4 turtle creek Todd SWCD 0.06 0.33 0.89 0.090 0.89 0.06 0.33 0.09
4/15/97 1997 15 4 turtle creek Todd SWCD 0.01 0.09 0.68 0.050 0.68 0.01 0.09 0.05
4/22/97 1997 22 4 turtle creek Todd SWCD 0.02 0.02 1.08 0.040 1.08 0.02 0.02 0.04

5/1/97 1997 1 5 turtle creek Todd SWCD 0.06 0.02 1.14 0.010 1.14 0.06 0.02 0.01
5/7/97 1997 7 5 turtle creek Todd SWCD 0.02 0.02 1.08 0.030 1.08 0.02 0.02 0.03

5/13/97 1997 13 5 turtle creek Todd SWCD 0.03 0.02 0.86 0.040 0.86 0.03 0.02 0.04
5/21/97 1997 21 5 turtle creek Todd SWCD 0.02 0.02 1.08 0.060 1.08 0.02 0.02 0.06
5/28/97 1997 28 5 turtle creek Todd SWCD 0.02 0.02 1.08 0.050 1.08 0.02 0.02 0.05

6/3/97 1997 3 6 turtle creek Todd SWCD 0.02 0.04 0.98 0.050 0.98 0.02 0.04 0.05 0.98 0.02 0.04 0.05
6/24/97 1997 24 6 turtle creek Todd SWCD 0.02 0.13 0.76 0.060 0.76 0.02 0.13 0.06 0.76 0.02 0.13 0.06
6/30/97 1997 30 6 turtle creek Todd SWCD 0.02 0.02 0.62 0.070 0.62 0.02 0.02 0.07 0.62 0.02 0.02 0.07

7/8/97 1997 8 7 turtle creek Todd SWCD 0.04 0.04 0.67 0.040 0.67 0.04 0.04 0.04
7/15/97 1997 15 7 turtle creek Todd SWCD 0.02 0.02 0.98 0.060 0.98 0.02 0.02 0.06
7/22/97 1997 22 7 turtle creek Todd SWCD 0.02 0.02 0.98 0.060 0.98 0.02 0.02 0.06
8/12/97 1997 12 8 turtle creek Todd SWCD 0.02 0.02 1.08 0.040 1.08 0.02 0.02 0.04

9/9/97 1997 9 9 turtle creek Todd SWCD 0.08 0.02 0.92 0.030
9/23/97 1997 23 9 turtle creek Todd SWCD 0.04 0.02 0.85 0.020
3/31/98 1998 31 3 turtle creek Todd SWCD 0.15 0.32 0.97 0.120 19.86

4/6/98 1998 6 4 turtle creek Todd SWCD 0.02 0.02 0.806 0.040 0.81 0.02 0.02 0.04
4/14/98 1998 14 4 turtle creek Todd SWCD 0.02 0.020 0.875 0.040 0.88 0.02 0.02 0.04
4/21/98 1998 21 4 turtle creek Todd SWCD 0.02 0.028 0.815 0.012 0.82 0.02 0.03 0.01
4/28/98 1998 28 4 turtle creek Todd SWCD 0.02 0.028 0.87 0.050 0.87 0.02 0.03 0.05
5/12/98 1998 12 5 turtle creek Todd SWCD 0.02 0.050 0.97 0.063 4.64 0.97 0.02 0.05 0.06
5/19/98 1998 19 5 turtle creek Todd SWCD 0.02 0.050 1.04 0.076 16.66 1.04 0.02 0.05 0.08
5/26/98 1998 26 5 turtle creek Todd SWCD 0.02 0.020 1.18 0.100 1.18 0.02 0.02 0.10

6/2/98 1998 2 6 turtle creek Todd SWCD 0.02 0.050 0.9 0.058 1.45 0.90 0.02 0.05 0.06 0.90 0.02 0.05 0.06
6/9/98 1998 9 6 turtle creek Todd SWCD 0.02 0.050 0.81 0.047 2.61 0.81 0.02 0.05 0.05 0.81 0.02 0.05 0.05

6/25/98 1998 25 6 turtle creek Todd SWCD 0.02 0.050 1.17 0.064 2.9 1.17 0.02 0.05 0.06 1.17 0.02 0.05 0.06
7/7/98 1998 7 7 turtle creek Todd SWCD 0.03 0.020 1.25 0.118 1.25 0.03 0.02 0.12

7/28/98 1998 28 7 turtle creek Todd SWCD 0.020 0.020 1.08 0.090 1.08 0.02 0.02 0.09
8/11/98 1998 11 8 turtle creek Todd SWCD 0.02 0.02 0.98 0.060 0.98 0.02 0.02 0.06
8/25/98 1998 25 8 turtle creek Todd SWCD 0.05 0.02 0.91 0.100 0.91 0.05 0.02 0.10
8/27/98 1998 27 8 turtle creek Todd SWCD 0.099 0.10

9/9/98 1998 9 9 turtle creek Todd SWCD 0.02 0.02 1.08 0.060
4/13/99 1999 13 4 turtle creek Todd SWCD 0.02 0.02 0.98 0.03 0.98 0.02 0.02 0.03

All Data Summer Data Spring Data
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Appendix F, Table F-22

MPCA Long Prairie River Watershed TMDL Final Project Report

Tributary Water Quality Monitoring Data Collected During Phase II by Wenck and Todd SWCD

DATE Year Day Month Trib ID Sampled by Ammonia NO2+3 ON TP CBODu ON Ammonia NO2+3 TP ON Ammonia NO2+3 TP
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

4/21/99 1999 21 4 turtle creek Todd SWCD 0.02 0.02 0.56 0.03 0.56 0.02 0.02 0.03
4/27/99 1999 27 4 turtle creek Todd SWCD 0.02 0.02 0.66 0.04 0.66 0.02 0.02 0.04
5/11/99 1999 11 5 turtle creek Todd SWCD 0.02 4.90 1.68 0.08 1.68 0.02 4.90 0.08
5/26/99 1999 26 5 turtle creek Todd SWCD 0.10 0.04 1.1 0.05 1.10 0.10 0.04 0.05

6/2/99 1999 2 6 turtle creek Todd SWCD 0.02 0.02 0.9 0.05 0.90 0.02 0.02 0.05 0.90 0.02 0.02 0.05
6/29/99 1999 29 6 turtle creek Todd SWCD 0.55 0.02 0.29 0.056 0.29 0.55 0.02 0.06 0.29 0.55 0.02 0.06
7/20/99 1999 20 7 turtle creek Todd SWCD 0.02 0.02 0.83 0.068 0.83 0.02 0.02 0.07

8/3/99 1999 3 8 turtle creek Todd SWCD 0.02 0.02 0.82 0.049 0.82 0.02 0.02 0.05
6/19/00 2000 19 6 turtle creek Todd SWCD 0.02 0.02 1.08 0.057 1.08 0.02 0.02 0.06 1.08 0.02 0.02 0.06
7/12/00 2000 12 7 turtle creek Todd SWCD 0.02 0.02 1.08 0.058 1.08 0.02 0.02 0.06
4/10/01 2001 10 4 turtle creek Todd SWCD 0.18 0.50 0.82 0.198 0.82 0.18 0.50 0.20
4/18/01 2001 18 4 turtle creek Todd SWCD 0.13 0.23 0.51 0.068 0.51 0.13 0.23 0.07
4/24/01 2001 24 4 turtle creek Todd SWCD 0.16 0.15 0.4 0.047 0.40 0.16 0.15 0.05

5/8/01 2001 8 5 turtle creek Todd SWCD 0.06 0.02 0.73 0.046 0.73 0.06 0.02 0.05
5/23/01 2001 23 5 turtle creek Todd SWCD 0.0067 0.01 0.8733 0.049 0.87 0.01 0.01 0.05

6/5/01 2001 5 6 turtle creek Todd SWCD 0.0067 0.01 0.8333 0.052 0.83 0.01 0.01 0.05 0.83 0.01 0.01 0.05
6/19/01 2001 19 6 turtle creek Todd SWCD 0.0067 0.01 0.9233 0.099 0.92 0.01 0.01 0.10 0.92 0.01 0.01 0.10

7/3/01 2001 3 7 turtle creek Todd SWCD 0.1500 0.01 1.15 0.158 1.15 0.15 0.01 0.16
8/15/01 2001 15 8 turtle creek Todd SWCD 0.0067 0.01 1.6933 0.126 1.69 0.01 0.01 0.13
8/21/01 2001 21 8 turtle creek Wenck 0.01 0.1 1.29 0.084 5.8 1.29 0.01 0.10 0.08
8/28/01 2001 28 8 turtle creek Todd SWCD 0.0067 0.08 1.1933 0.063 1.19 0.01 0.08 0.06
9/25/01 2001 25 9 turtle creek Wenck 0.01 0.1 0.89 0.014 14.76
10/2/01 2001 2 10 turtle creek Todd SWCD 0.0067 0.01 0.7933 0.026

2/8/02 2002 8 2 turtle creek Wenck 0.15 0.1 0.55 0.021 (a)
average 0.050 0.12 0.97 0.064 8.59 1.027 0.049 0.029 0.077 0.905 0.053 0.175 0.058

count 72 72 72 73 8 33 33 33 34 42 42 42 42
4/6/98 1998 6 4 moran creek Todd SWCD 0.03 0.02 0.76 0.030 0.76 0.03 0.02 0.03

4/14/98 1998 14 4 moran creek Todd SWCD 0.02 0.020 0.83 0.064 0.83 0.02 0.02 0.06
4/21/98 1998 21 4 moran creek Todd SWCD 0.02 0.020 1.13 0.028 1.13 0.02 0.02 0.03
4/28/98 1998 28 4 moran creek Todd SWCD 0.02 0.033 0.73 0.010 0.73 0.02 0.03 0.01
5/12/98 1998 12 5 moran creek Todd SWCD 0.02 0.050 0.88 0.062 3.19 0.88 0.02 0.05 0.06
5/19/98 1998 19 5 moran creek Todd SWCD 0.02 0.050 1.25 0.071 1.25 0.02 0.05 0.07
5/26/98 1998 26 5 moran creek Todd SWCD 0.04 0.040 0.96 0.090 0.96 0.04 0.04 0.09

6/2/98 1998 2 6 moran creek Todd SWCD 0.02 0.050 0.78 0.057 2.03 0.78 0.02 0.05 0.06 0.78 0.02 0.05 0.06
6/9/98 1998 9 6 moran creek Todd SWCD 0.02 0.050 0.68 0.042 2.03 0.68 0.02 0.05 0.04 0.68 0.02 0.05 0.04

6/25/98 1998 25 6 moran creek Todd SWCD 0.05 0.050 0.89 0.046 2.9 0.89 0.05 0.05 0.05 0.89 0.05 0.05 0.05
7/7/98 1998 7 7 moran creek Todd SWCD 0.05 0.020 1.12 0.050 1.12 0.05 0.02 0.05

7/28/98 1998 28 7 moran creek Todd SWCD 0.020 0.030 0.98 0.040 0.98 0.02 0.03 0.04
8/11/98 1998 11 8 moran creek Todd SWCD 0.02 0.03 0.7 0.050 0.70 0.02 0.03 0.05
8/25/98 1998 25 8 moran creek Todd SWCD 0.02 0.06 0.45 0.060 0.45 0.02 0.06 0.06
8/27/98 1998 27 8 moran creek Todd SWCD 0.048 0.05

9/9/98 1998 9 9 moran creek Todd SWCD 0.02 0.04 3.88 0.070
4/21/99 1999 21 4 moran creek Todd SWCD 0.02 0.02 0.6 0.03 0.60 0.02 0.02 0.03
4/27/99 1999 27 4 moran creek Todd SWCD 0.02 0.02 0.54 0.04 0.54 0.02 0.02 0.04
5/11/99 1999 11 5 moran creek Todd SWCD 0.02 0.05 1.18 0.06 1.18 0.02 0.05 0.06
5/26/99 1999 26 5 moran creek Todd SWCD 0.03 0.02 0.97 0.04 0.97 0.03 0.02 0.04

6/2/99 1999 2 6 moran creek Todd SWCD 0.02 0.05 0.73 0.04 0.73 0.02 0.05 0.04 0.73 0.02 0.05 0.04
6/15/99 1999 15 6 moran creek Todd SWCD 0.02 0.02 0.94 0.043 0.94 0.02 0.02 0.04 0.94 0.02 0.02 0.04
6/29/99 1999 29 6 moran creek Todd SWCD 0.3 0.02 0.61 0.044 0.61 0.30 0.02 0.04 0.61 0.30 0.02 0.04
7/20/99 1999 20 7 moran creek Todd SWCD 0.02 0.02 0.75 0.066 0.75 0.02 0.02 0.07

8/3/99 1999 3 8 moran creek Todd SWCD 0.02 0.02 0.98 0.045 0.98 0.02 0.02 0.05
8/21/01 2001 21 8 moran creek Wenck 0.01 0.1 0.69 0.009 9.28 0.69 0.01 0.10 0.01
9/25/01 2001 25 9 moran creek Wenck 0.01 0.1 0.89 0.014 14.76

2/8/02 2002 8 2 moran creek Wenck 0.24 0.24 w detection 0.008 (a)
2/8/02 2002 8 2 moran creek Wenck 0.23 0.23 w detection 0.011 (a)

average 0.048 0.05 0.96 0.044 5.70 0.792 0.045 0.040 0.046 0.851 0.041 0.034 0.047
count 28 28 26 29 6 13 13 13 14 17 17 17 17

8/21/01 2001 21 8 fish trap creek Wenck 0.01 0.1 0.69 0.041 (a) 0.69 0.01 0.10 0.04
9/25/01 2001 25 9 fish trap creek Wenck 0.01 0.1 0.89 0.022 14.76

2/8/02 2002 8 2 fish trap creek Wenck 0.07 0.1 0.33 0.017 (a)
average 0.030 0.10 0.64 0.027 14.76 0.690 0.010 0.100 0.041 no data no data no data no data

count 3 3 3 3 1 1 1 1 1 0 0 0 0
(a) indeterminate, observed value below detection limit

All Data Summer Data Spring Data
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Appendix F, Table F-23

MPCA Long Prairie River Watershed TMDL Final Project Report

Point Source Summary for TMDL Projection Simulation

Modified Spring 7Q10
Long Prairie River headwater flow increased from 1.88 to 3.87 cfs, and Eagle Creek headwater flow increased from 0.01 to 2.75 cfs.

Point Source Sites

Inflow at 
TMDL Site 

ID
Inflow Rate 

(cfs) Temperature (C)
Chloride 
(mg/L) DO (mg/L)

CBODu 
(mg/L) ON (mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L) TP (mg/L)

Chlorophyll-a 
(ug/L)

CARLOS WWTF LPR 89.4 1.21 21 --- 8.91 35.7 3.2 5.8 0.05 2.11 ---
LP SUPERFUND SITE LPR 47.3 0.67 13.52 --- 8.58 13.38 1.02 0.04 0.88 0.1 ---
LPRAIRIE WWTF SD004 LPR 46.6 0.77 21 --- 6 30 2 22.1 100 5.9 ---
LPRAIRIE WWTF SD003 LPR 44.9 0.88 21 --- 6 31.7 3.7 16.0 0.43 1 ---
BROWERVILLE WWTF LPR 36.1 6.16 21 --- 8.91 16.3 3.2 0.3 0.05 2.43 ---

EAGLE BEND WWTF* EC 12.0 1.01 21 --- 8.91 16.1 3.2 5.8 0.05 2.7 ---
CLARISSA WWTF* EC 7.0 1.42 21 --- 8.91 28.6 3.2 5.8 0.05 1.49 ---

QUAL-TX Input File: pps137.in

* See Section 9.8.3 for discussion of Eagle Bend and Clarissa WWTFs.

Summer 7Q10 

Point Source Sites

Inflow at 
TMDL Site 

ID
Inflow Rate 

(cfs) Temperature (C)
Chloride 
(mg/L) DO (mg/L)

CBODu 
(mg/L) ON (mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L) TP (mg/L)

Chlorophyll-a 
(ug/L)

CARLOS WWTF LPR 89.4 1.21 23 --- 8.58 35.7 4.43 0.07 0.008 2.11 ---
LP SUPERFUND SITE LPR 47.3 0.67 13.52 --- 8.58 13.38 1.02 0.04 0.88 0.1 ---
LPRAIRIE WWTF SD004 LPR 46.6 0.77 23 --- 6 30 2 22.1 100 5.9 ---
LPRAIRIE WWTF SD003 LPR 44.9 0.88 23 --- 6 31.7 2.4 10.3 0.43 1 ---
BROWERVILLE WWTF LPR 36.1 6.16 23 --- 8.58 16.3 4.43 0.07 0.008 2.43 ---
EAGLE BEND WWTF EC 12.0 1.01 23 --- 8.58 16.1 4.43 0.07 0.008 0.79 ---
CLARISSA WWTF EC 7.0 1.42 23 --- 8.58 28.6 4.43 0.07 0.008 1.49 ---

QUAL-TX Input File: sps137.in

Winter 7Q10 

Point Source Sites

Inflow at 
TMDL Site 

ID
Inflow Rate 

(cfs) Temperature (C)
Chloride 
(mg/L) DO (mg/L)

CBODu 
(mg/L) ON (mg/L)

NH3-N 
(mg/L)

NO2/ NO3-N 
(mg/L) TP (mg/L)

Chlorophyll-a 
(ug/L)

LP SUPERFUND SITE LPR 47.3 0.67 13.52 --- 14.62 13.38 1.02 0.04 0.88 0.1 ---
LPRAIRIE WWTF SD004 LPR 46.6 0.77 0 --- 6 30 2 22.1 100 5.9 ---
LPRAIRIE WWTF SD003 LPR 44.9 0.88 0 --- 6 31.7 2.4 10.3 0.43 1 ---

QUAL-TX Input File: wps137.in

NOTE: Browerville's spring NH3-N loading rate under this scenario is the same as for an effluent concentration of 5.8 mg/L and a flow rate of 0.335 cfs, equal to half of Browerville's
1999-2001 maximum annual wastewater volume discharged at a constant rate over 75 days. The Browerville WWTF actually does not discharge in the spring but discharges in the fall 
only.
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 89.9
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 83.1
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 76.7
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 67.0
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 56.0
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 47.8
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 38.5
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 34.2
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 30.8
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 26.1
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 18.2
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 15.3
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 9.2
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)

T:\0147\51\Phase III Rpt\Appendices\
\Appendix F FIG 01/LPR 9.2 1 of 1 Wenck Associates, Inc.

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 20 40 60 80 100 120 140 160 180 200 220 240 260
Flow [cfs]

(D
ep

th
 [f

t] 
- e

); 
Ve

lo
ci

ty
 [f

t/s
]

Flow vs Depth Flow vs Vel Flow vs (Depth - e) Flow vs Vel depth LPR 9.2 velocity LPR 9.2

Depth = 0.2183 * Q0.4880

Velocity = 0.1349 * Q0.2975

Velocity = a Q^b; (Depth - e) = c Q^d; e=0



Appendix F, Figure F-1

Hydraulic Coefficient Plots for LPR 3.2
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-1

Hydraulic Coefficient Plots for Eagle Creek
MPCA Long Prairie River Watershed TMDL Final Project Report

Velocity and Depth as a Function of Flow (Q)
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_aug/Mass load CBODu vs RM 1 of 1 Wenck Associates, Inc.

August 21 - 22, 2001: Mass Loading
CBOD Ultimate (CBODu) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_aug/Mass load TN vs RM 1 of 1 Wenck Associates, Inc.

August 21 - 22, 2001: Mass Loading
Total Nitrogen (TN) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_aug/Mass load TON vs RM 1 of 1 Wenck Associates, Inc.

August 21 - 22, 2001: Mass Loading
Total Organic Nitrogen (TON) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_aug/Mass load NH3 vs RM 1 of 1 Wenck Associates, Inc.

August 21 - 22, 2001: Mass Loading
Ammonia by Long Prairie River Mile

0.00.0 0.0 0.0 0.00.00.0 0.0 0.0 0.5 0.3 0.4 0

5

10

15

20

25

30

0.010.020.030.040.050.060.070.080.090.0

River Miles from Confluence with Crow Wing River

M
ass Load A

m
m

onia [LB
 / day]

Instream Load US Instream plus Point Source Loads Tributary & Point Source Load



Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_aug/Mass load no23 vs RM 1 of 1 Wenck Associates, Inc.

August 21 - 22, 2001: Mass Loading
Nitrite and Nitirate Nitrogen (NO2+NO3) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_aug/Mass load TP vs RM 1 of 1 Wenck Associates, Inc.

August 21 - 22, 2001: Mass Loading
Total Phosphorus (TP) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_sept/Mass load CBODu vs RM 1 of 1 Wenck Associates, Inc.

September 24-25, 2001: Mass Loading
CBOD Ultimate (CBODu) by Long Prairie River Mile
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MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_sept/Mass load TN vs RM 1 of 1 Wenck Associates, Inc.

September 24-25, 2001: Mass Loading
Total Nitrogen (TN) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_sept/Mass load TON vs RM 1 of 1 Wenck Associates, Inc.

September 24-25, 2001: Mass Loading
Total Organic Nitrogen (TON) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_sept/Mass load NH3 vs RM 1 of 1 Wenck Associates, Inc.

September 24-25, 2001: Mass Loading
Ammonia by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_sept/Mass load no23 vs RM 1 of 1 Wenck Associates, Inc.

September 24-25, 2001: Mass Loading
Nitrite and Nitirate Nitrogen (NO2+NO3) by Long Prairie River Mile
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Appendix F, Figure F-2

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_sept/Mass load TP vs RM 1 of 1 Wenck Associates, Inc.

September 24-25, 2001: Mass Loading
Total Phosphorus (TP) by Long Prairie River Mile
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Appendix F, Figure F-3

MPCA Long Prairie River Watershed TMDL Final Project Report

T:/0147/51/Phase III Rpt/Appendices/Appendix F Fig 02_sept/Nitrification plot 1 of 1 Wenck Associates, Inc.
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T:\0147\51\Phase III Rpt\Appendices\
/Appendix F Fig 04/Aug Q (Interpolated Averages) 1 of 1 Wenck Associates, Inc.
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Appendix F, Figure F-4

MPCA Long Prairie River Watershed TMDL Final Project Report

Discharge Profile
Model vs Monitored 
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T:\0147\51\Phase III Rpt\Appendices\
/Appendix F Fig 04/Sept Q (Interpolated) 1 of 1 Wenck Associates, Inc.
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Appendix F, Figure F-4

MPCA Long Prairie River Watershed TMDL Final Project Report

Discharge Profile
Model vs Monitored 

Interpolated Flow (cfs)
September 24-25, 2001
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T:\0147\51\Phase III Rpt\Appendices\
/Appendix F Fig 04/Feb Q (Interpolated) 1 of 1 Wenck Associates, Inc.
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Appendix F, Figure F-4

MPCA Long Prairie River Watershed TMDL Final Project Report

Discharge Profile
Model vs Monitored 

Interpolated Flow (cfs)
February 7-8, 2002
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Appendix F, Figure F-5a

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Daily Flow and Precipitation at Long Prairie
Survey 1

T:/0147/51/Phase III Report/Appendices/ QUALTX/Appendix_F Fig 05/Figure F-5a Page 1 of 1 Wenck Associates, Inc.
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Appendix F, Figure F-5b

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Daily Flow and Precipitation at Long Prairie
Survey 2

T:/0147/51/Phase III Report/Appendices/QUALTX/Appendix_F Fig 05/Figure F-5b Page 1 of 1 Wenck Associates, Inc.
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Appendix F, Figure F-5c

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Daily Flow and Precipitation at Long Prairie
Survey 3

T:/0147/51/Phase III Report/ Appendices/QUALTX/Appendix_F Fig 05/Figure F-5c Page 1 of 1 Wenck Associates, Inc.
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\
/Appendix F_tab18_fig06     Aug DO 1 of 1 Wenck Associates, Inc.

Dissolved Oxygen Profile
Model vs Monitored

August 20, 22-24, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report 

T:\0147\51\Phase III Rpt\Appendices\
Appendix F_tab18_fig06     Sept DO

1 of 1 Wenck Associates, Inc.

Dissolved Oxygen Profile
Model vs Monitored

September 24-25, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report 

T:\0147\51\Phase III Rpt\Appendices\
Appendix F_tab18_fig06     Feb DO

1 of 1 Wenck Associates, Inc.

Dissolved Oxygen Profile
Model vs Monitored
February 7-8, 2002
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #1

August 20 to 24, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #1

August 20 to 24, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #1

August 20 to 24, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Eagle Creek Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #1

August 20 to 24, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Eagle Creek Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #1

August 20 to 24, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #2

September 24 and 25, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #2

September 24 and 25, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #2

September 24 and 25, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Eagle Creek Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #2

September 24 and 25, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Eagle Creek Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #2

September 24 and 25, 2001
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #3

February 7 and 8, 2002
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Appendix F, Figure F-6

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #3

February 7 and 8, 2002
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Calibration to Synoptic Survey #3

February 7 and 8, 2002
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Appendix F, Figure F-7
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  Aug Q 1 of 1 Wenck Associates, Inc.

Discharge Profile
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-7

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  Temp 1 of 1 Wenck Associates, Inc.

Temperature Profile 
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-7

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  DO 1 of 1 Wenck Associates, Inc.

Dissolved Oxygen Profile
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-7

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  CBODu 1 of 1 Wenck Associates, Inc.

CBODu Profile 
August Model vs Monitored outside of Permitted Discharge Period

(No Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-7

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  TP 1 of 1 Wenck Associates, Inc.

TP Profile 
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  NO23 1 of 1 Wenck Associates, Inc.

NO2+3 Profile 
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  NH3-N 1 of 1 Wenck Associates, Inc.

Ammonia - N Profile 
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-7

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  ON 1 of 1 Wenck Associates, Inc.

ON Profile 
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)

0.00

0.50

1.00

1.50

2.00

2.50

0102030405060708090
River Mile 

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Todd SWCD ON AUG Wenck ON AUG ON Model Results



Appendix F, Figure F-7
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 07  Chl-a 1 of 1 Wenck Associates, Inc.

Chlorophyll-a Profile 
August Model vs Monitored outside of Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-8

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  Sept Q 1 of 1 Wenck Associates, Inc.

Discharge Profile
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-8

MPCA Long Prairie River Watershed TMDL Final Project Report

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  Temp 1 of 1 Wenck Associates, Inc.

Temperature Profile 
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  DO 1 of 1 Wenck Associates, Inc.

Dissolved Oxygen Profile
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  CBODu 1 of 1 Wenck Associates, Inc.

CBODu Profile 
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  TP 1 of 1 Wenck Associates, Inc.

TP Profile 
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  NO23 1 of 1 Wenck Associates, Inc.

NO2+3 Profile 
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  NH3-N 1 of 1 Wenck Associates, Inc.

Ammonia-N Profile 
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  ON 1 of 1 Wenck Associates, Inc.

ON Profile 
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 08  Chl-a 1 of 1 Wenck Associates, Inc.

Chlorophyll-a Profile 
September Model vs Monitored during Permitted Discharge Period

(Todd SWCD data collected between 1996-2002)
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Appendix F, Figure F-9

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Summer 7Q10 DO

Critical Conditions without Point Sources

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 09     Summer 7Q10 DO 1 of 1 Wenck Associates, Inc.
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Spring 7Q10 DO

Critical Conditions without Point Sources

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 09     Spring 7Q10 DO 1 of 1 Wenck Associates, Inc.
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Winter 7Q10 DO

Critical Conditions without Point Sources

T:\0147\51\Phase III Rpt\Appendices\Appendix_F Fig 09     Winter 7Q10 DO 1 of 1 Wenck Associates, Inc.
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Appendix F, Figure F-9

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Summer 7Q10

Critical Conditions without Point Sources
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Long Prairie River Profile Graphs:
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Spring 7Q10

Critical Conditions without Point Sources
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Spring 7Q10

Critical Conditions without Point Sources
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Winter 7Q10

Critical Conditions without Point Sources
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Winter 7Q10

Critical Conditions without Point Sources
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Appendix F, Figure F-10

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Summer 7Q10 DO

Critical Conditions with Point Sources and no Load Reductions
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Appendix F, Figure F-10

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Spring 7Q10 DO

Critical Conditions with Point Sources and no Load Reductions
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Summer 7Q10

Critical Conditions with Point Sources and no Load Reductions
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Appendix F, Figure F-10

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Summer 7Q10

Critical Conditions with Point Sources and no Load Reductions
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Appendix F, Figure F-10

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Spring 7Q10

Critical Conditions with Point Sources and no Load Reductions
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Appendix F, Figure F-10

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Spring 7Q10

Critical Conditions with Point Sources and no Load Reductions
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Appendix F, Figure F-11

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: Modified Spring 7Q10 for TMDL Projection Simulation
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Appendix F, Figure F-11

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: Modified Spring 7Q10 for TMDL Projection Simulation
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Appendix F, Figure F-11

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: Modified Spring 7Q10 for TMDL Projection Simulation

0

2

4

6

8

10

12

14

16

0102030405060708090

River Mile 

C
o

n
ce

n
tr

at
io

n
 (m

g
/L

) 

DO QUAL-TX Modeled QUAL-TX Min QUAL-TX Sat 5 mg/L DO Standard QUAL-TX Max

0

5

10

15

20

25

0102030405060708090
River Mile 

C
o

n
ce

n
tr

at
io

n
 (m

g
/L

)

CBOD QUAL-TX Modeled

0

5

10

15

20

25

0102030405060708090

River Mile 

T
em

p
er

at
u

re
 (

d
eg

re
es

 C
) 

Temp QUAL-TX Modeled

T:\0147\51\Phase III Final Report /Appendix_F Figs F-11_F-12_Jul04/Spring 7Q10 Page 2 of 2 Wenck Associates, Inc.



Appendix F, Figure F-12

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs: QUAL-TX Summer DO
7Q10 Point Source Load Reduction
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Appendix F, Figure F-12

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs: QUAL-TX Summer DO
7Q10 Point Source Load Reduction
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Appendix F, Figure F-12

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs: QUAL-TX Summer DO
7Q10 Point Source Load Reduction
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Appendix F, Figure F-13

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs: QUAL-TX Winter DO
7Q10 Point Source Load Reduction
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Appendix F, Figure F-13

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Winter 7Q10

7Q10 Point Source Load Reduction
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Appendix F, Figure F-13

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profile Graphs:
QUAL-TX Winter 7Q10

7Q10 Point Source Load Reduction
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Appendix F, Figure F-14a

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
Winter TMDL Demonstration (Modified Spring)
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Appendix F, Figure F-14a

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
TMDL Demonstration (Modified Spring)
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Appendix F, Figure F-14a

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
TMDL Demonstration (Modified Spring)
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Appendix F, Figure F-14b

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
TMDL Demonstration (Summer)
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MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
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Appendix F, Figure F-14c

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
Winter TMDL Demonstration (Winter)
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Appendix F, Figure F-14c

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
Winter TMDL Demonstration (Winter)
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Appendix F, Figure F-14c

MPCA Long Prairie River Watershed TMDL Final Project Report

Long Prairie River Profiles: 
Winter TMDL Demonstration (Winter)
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Appendix F, Figure F-14d

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

DO TMDLs for Long Prairie River by Reach and Category

Non-point Source: TMDL Allocation
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Appendix F, Figure F-14e

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Total Capacity: DO TMDLs for Long Prairie River by Reach
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Appendix F, Figure F-14f

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Total Capacity: DO TMDLs for Long Prairie River by Reach
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Appendix F, Figure F-14g

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Total Capacity: DO TMDLs for Long Prairie River by Reach
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Appendix F, Figure F-14h

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Total Capacity: DO TMDLs for Long Prairie River by Reach
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Appendix F, Figure F-14i

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Total Capacity: DO TMDLs for Long Prairie River by Reach
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Appendix F, Figure F-14j

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Total Capacity: DO TMDLs for Long Prairie River by Reach
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Appendix G, Figure G-8

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Comparison of simulated sediment loads per unit area from different land uses.
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Appendix G, Figure G-9

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Comparison of simulated nitrogen loads per unit area from different land uses.
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Appendix G, Figure G-10

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Comparison of simulated phosphorus loads per unit area from different land uses.
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Appendix G, Figure G-11

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Percentage of total sediment load contributed by each land use.
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Appendix G, Figure G-12

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Percentage of total nitrogen load contributed by each land use.
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Appendix G, Figure G-13

Minnesota Pollution Control Agency
Long Prairie River Watershed TMDL Final Project Report

Percentage of total phosphorus load contributed by each land use.
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