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1.0  OVERVIEW 

The Central Big Sioux River Watershed (CBSRW) project area encompasses approximately 

1,282,560 acres and includes 65 12-digit Hydrologic Unit Codes (HUCs)  in  portions of two 

8-digit HUCs (10170202 and 10170203), as illustrated  in Figure 1 -1.  The Big Sioux River and 

its tributaries in the project area drain  parts of  Brookings, Deuel, Hamlin, Lake, Lincoln, 

Minnehaha, Moody,  and Turner Counties  in South Dakota  as well as portions in Lincoln and 

Pipestone Counties of southwestern Minnesota. The Big Sioux River is a natural, permanent, 

stable river with several intermittent tributaries that only flow during snowmelt and rainfall 

events. Discharge in the river can be significantly impacted by we t or dry periods as well as 

stormwater runoff . 

 

Stakeholders in the watershed have come together to address the water -quality concerns 

within the CBSRW to develop this water -quality master plan to guide implementation efforts.  

This  plan builds on past acc omplishments in the CBSRW and complements water -quality 

efforts by the city of Sioux Falls , the Brookings County Conservation District, the Minnehaha 

Conservation District  (MCD) , the Lake County Conservation District, the Moody County 

Conservation District  (MCCD) , the U.S. Geological Survey (USGS), the East Dakota Water 

Development District (EDWDD),  the South Dakota Association of Conservation Districts 

(SDACD), and the South Dakota Department of Environment and Natural Resources 

(SD DENR) .   

 

This master  plan addresses the U.S. Environmental Protection Agencyõs (EPAõs) Nine Key 

Elements as outlined in South Dakota Department of Environment and Natural Resources 

[2012].  Table 1 -1 displays these nine key elements and their corresponding location within thi s 

master  plan.  

1.1 PROJECT GOALS 

The CBSRW project requires the support of multiple entities to achieve needed water -quality 

improvements.  The CBSRW decision makers are faced with the challenge of  selecting the best 

combination of practices to implement , among the many options available, that  will  result in the 

most cost-effective, achievable, and practical management strategy possible.  

 

Given the complexity of implementation options, a key contribution to the formation of the 

CBSRW Water -Quality Master Plan is the development of a  watershed -scale, decision-support 

model used to facilitate prioritization and placement of Best Management Practices ( BMPs) 

within the watershed.  Government and local watershed planning agencies  can use the decision-

support framewo rk as they coordinate watershed -scale investments  within the CBSRW project 

area.  The CBSRW Decision Support Model (CBSRW DSM) can assist in identifying priority 

areas and priority management practices optimized for cost, water -quality  impact, and 

implemen tation  feasibility .    
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RSI-2012-13-001 

Figure 1-1. Delineation of 12 -Digit Hydrologic Unit Codes Within the Central Big Sioux River 

Watershed Project Area.  
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Table 1-1. Sections of the Central Big Sioux  River  Watershed  Master Plan  That 

Fulfill the U.S. Environmental Protection Agencyõs Nine Key  Elements  for 

Watershed Planning  (Page 1 of 2)  

EPA Nine  K ey Elements for  

Watershed Planning  

Applicable  TMDL  Sections and/or 

TMDL Implementation Plan
(a)

 

1. Identification  of causes of  impairment and  

pollutant  sources or gro ups of simil ar sources 

that need to be controlled to achieve needed 

load redu ctions and any other g oals 

identified in the wat ershed plan.  

6.2 Priority Sources  

2. Estimate  of the load redu ctions ex pected 

from mana gement me asure s. 

7.4 Expected Exceedance and 

Load Reductions  

3. Description of  the BMPs that will  need to be 

implem ented  to achie ve l oad  reductions  in 

item (2) a nd a description  of the critical areas 

in wh ich those measures will be needed to 

implem ent this plan.  

6.0 Implementation Strategy   

6.2.1 Agricultural BMPs  

6.2.2  Urban BMPs  

4. Estimate of the amoun ts of nee ded tec hnical 

and financial a ssistan ce, associat ed costs , 

and/or the sources  and authorit i es that will 

be rel ied upon to implement these pla ns. 

7.3 Sources of Technical and 

Financial Assistance  

5.  An informat ion, educ ati on, and public  

particip ation  compone n t used to enhance 

publ ic understanding of the  proj ect and 

encourage their early and  conti nued partic ipa-

tion in selecting, designing, a nd implem enting  

the nonpoint -source management measures 

th at  will be implem ented.  

8.0 Information, Education, and 

Outreach  

6.  Schedule for implementi ng the nonpoint -

source management m easures identifi ed in this 

plan that is r easonably ex peditio us. 

7.1 BMP Implementation 

Schedule 

7. A descripti on of interim measu r able  

milestones for determini ng whether nonpoint -

source management m easures or other control 

actions are being impl emented.  

7.1 BMP Implementation 

Schedule 

8. A set of criteria that can be used to determine  

whether loading reductions are achieved over 

time and  substantial pr ogress is made toward 

attain ing wat er-qual ity stan dards, and, if not, 

the criteria for determining whether the 

Watershed Master Plan  needs to be revised. 

7.0 Tracking Progress Toward 

Meeting TMDL Goals  
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Table 1 -1. Sections of the Central Big Sioux  River  Watershed  Master Plan  That 

Fulfill the U.S. Environmental Protection Agencyõs Nine Key  Elements  for 

Watershed Planning  (Page 1 of 2)  

EPA Nine  K ey Elements for Watershed 

Planning  

Applicable  TMDL  Sections and/or 

TMDL Implementation Plan
(a)

 

9. A monitoring compone n t to e valuate the  

effecti vene ss of imp lement ation  efforts 

over time, m easured against the crit eria 

establ ished under item (8)  above. 

10.1 Monitoring  

(a) TMDL =  Total Maximum Daily Load  

1.2 ACKNOWLEDGEMENTS 

RESPEC would like to acknowledge and thank the members of the CBSRW Master Plan 

Technical Review Committee for their continued support, participation, and diligence in 

developing the CBSRW Water -Quality Master Plan.  Without the cooperation of these 

individuals, the CBSRW Water -Quality Master Plan would not have been poss ible.  Table 1-2 

lists  the individual members of the Technical Review Committee.  

Table 1-2. The C entral Big Sioux River Watershed Master Plan 

Technical Review Committee Members  

Member  Organization  

Mr. Bryan Read City of Brandon  

Mr. Craig Spencer  Augustana College  

Mr. Darrell DeBoer  Brookings County Conservation District  

Ms. Deb Springman  East Dakota Water Development District  

Mr. Jack Majeres  Moody County Conservation District  

Ms. Jacqueline Lanning  City  of Brookings  

Mr.  Jeppe Kjaersgaard  South Dakota State University  

Mr. Jeremy Schelhaas  
South Dakota Department of Environment 

and Natural Resources  

Mr. Mike Boerger  City of Watertown  

Mr. Mike Kuck  
South Dakota Association of Conservation 

Districts  

Mr. Robert Kappel  City of Sioux Falls (Chair)  
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2.0  WATERSHED CHARACTERISTICS 

The various watershed characteristics that influence watershed hydrology and water quality 

are summarized below.  Many of these characteristics are imported as variables into the 

CBSRW DSM to assess the fate and transport of contaminants within the watershed.  A general 

summary of each characteristic is described with a brief summary of how it impacts sediment 

and/or bacteria transport.  

2.1 SOILS 

A variety of parent materials have deri ved the soils within the Central Big Sioux Watershed . 

The fine -grained upland soils have built up over glacial t ill or eolian (Loess) deposits. Coarse-

grained soils, which were derived from glacial outwash and alluvial sediments,  can be found 

near present and past water courses. Near Dell Rapids, a shift to highly erodible soils  is 

noticeable .  Moody, Nora, and Trent soil series are common within the project area.  

 

Understanding soil characteristics is important to both bacteria and sediment model 

development.  The ratio s of sand, silt, and clay for a given soil type dictates the amount of 

infiltration/deep percolation and runoff.  The runoff portion of any precipitation event becomes 

the transport mechanism for land -deposited bacteria and for soil particles.  Soil information was 

gathered from the Natural Resources Conservation Service (NRCS)  Soil Survey Geographic 

(SSURGO) Database. 

2.2 CLIMATE 

The CBSRW receives an average annual precipitation  of 24.7 inches, and 73 percent falls 

during the growing se ason of April through September .  On average, 45 rainfall events occur i n 

the watershed annually , with an average depth of 0.54 inch. The average, seasonal snowfall is 

41.1 inches per year, which contribut es to significant snowmelt runoff in the spring mon ths 

[U.S. Department of Commerce National Climatic Data Center, 2 004]. 

 

Several meteorological time -series are required to effectively understand how water, 

bacteria, and sediment travel through the watershed and to execute the CBSRW DSM. 

Precipitation and  evapotranspiration (ET), which is the amount of water consumed by plants 

and lost to the atmosphere, are both needed to calculate the water balance. Air temperature, 

wind speed, solar radiation, dewpoint temperature , and cloud cover are used to calculate 

snowmelt and snow accumulation  processes. Most of the meteorological data required by the 

CBSRW DSM are available through the EPA  and the Better Assessment Science Integrating Point and 

Nonpoint Sources (BASINS) system. This system provides data developed by the National Climatic 

Data Center (NCDC).   
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Figure 2 -1 displays the meteorological zones set up within the model.  These zones were 

delineated based on the location of precipitation gages and are used to di stribute rainfall within 

the model.  

2.3 LAND COVER AND LAND USE 

Land cover and land use information are gathered from the Multi -Resolution Land 

Characteristics Consortium National Land Cover Database (NLCD).  Land use in the watershed 

is predominantly agricult ural;  approximately 61 percent of the area is cultivated cropland and 

26 percent of the area is grasslands, pasture , and hay la nd. Eight  percent of the watershed is 

urban and the remaining 5 percent consists of water and other land use categories.  

 

Informa tion from the NLCD is input into the CBSRW DSM.  Land cover and land use are 

important factors affecting the amount of any precipitation event that reaches the ground 

surface and the potential for that water to travel to local waterbodies.  

2.4 BACTERIA SOURCES 

Consider ing the distributions and activities of human, pet, livestock, and wildlife populations  

within the watershed are  vital to  understanding bacteria water -quality im pairments . The 

Bacteria Source Load Calculator Version 4.0 (BSLC), which was developed by the Biological Systems 

Engineering Department at Virginia Polytechnic Institute and State University, was used to 

accumulate  bacteria loadings to the proper land uses throughout the watershed. The BSLC 

allows the user to distribute human , pet, livestock , and wildlife characteristics in the watershed 

to areas they are known to inhabit based on local knowledge and professional judgment. It also 

applies the loadings onto the land or directly to the stream based on an understanding of stream 

access. These land and stream loadings from the BSLC were then input into the CBSRW DSM 

and used to understand the fate and transport of bacteria within adjacent waterbodies .  

2.4.1 Livestock 

Livestock count and distribution for each county in the project area was based on population 

data from the 2007 Census of Agriculture completed by the U.S. Department of Agriculture .  

Feedlot location s, species, and estimated populations were gathered by CBSRW implementation 

specialists for a majority of the project area during a d rive -by survey conducted in 2006. The 

remainder of the feedlot locations were identified with aerial imagery.  

 

Species of interest include d hogs, chickens, turkeys, cattle, sheep, horses,  and goats. The county 

populations of hogs, chickens, and turkeys  were distributed based on the available  pasture and 

cropland acres.  
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RSI-2012-13-002 

Figure 2-1. Precipitation Gages and Associated Meteorological Zones Within the Central Big 

Sioux River Watershed.  
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The CBSRW DSM assumed these species were confined throughout the year and manure 

was spread on cropland during the spring and fall.  The county populations of cattle, sheep, 

goats, and horses were distributed to  pasture and feedlot areas found within each 

meteorological zone. 

2.4.2 Wildlife 

Wildlife  counts were based on population data from the 2002 South Dakota Game Report 

(No. 2003-11). Reported wildlife species within the watershed include whitetail deer, raccoons,  

muskrats , beavers, nesting Canada geese, wild turkeys, skunks, and cottontail rabbits. All of 

these species were represented in the BSLC. Duck populations were not supplied by the South 

Dakota Game Report but were represented in the BSLC by assuming that there is the same 

population of ducks as nesting Canada geese.  

 

Similar to the livestock estimation, county wildlife populations were distributed based on the 

percentage of habitat area for each species.  The BSLC was referenced to find the habitat  (land 

use) prefer ence for each of the species and the bacteria loads were applied equally to these land 

uses.  The land use preferences are provided  in Table 2 -1. 

Table 2-1.  Wildlife Land Use Preferences  

Species  Habitat Type  

Deer cropland, pasture, residential, wetlands, and all riparian  zones 

Beaver open water, wetlands, and all riparian zones  

Muskrat  open water, wetlands, and all riparian zones  

Raccoons cropland and all riparian  zones 

Skunks  cropland, pasture, wetlands,  and all riparian  zones 

Nesting Canada Geese cropland, open water, wetlands, and all riparian zones  

Rabbits  cropland, pasture, wetlands, and all riparian  zones 

Wild Turkey  cropland, pasture, riparian cropland, and riparian pasture  

2.4.3 Humans and Pets 

Population data for the project area was gathered from  the 2010 U.S. Census.  Table 2 -2 

provides  the total county population from the census, the estimated urban and rural population 

within the project area, and the estimated number of urban and rural hous eholds within the 

project area.  

 

For urban populations, the  BSLC assumes that all households within city limits are on a 

municipal sewer system, which result s in no land or direct stream load from humans in urban 
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areas. To estimate bacteria loading from pe ts in urban areas, the BSLC suggests a default of one  

pet (one dog or two cats) per household.  

Table 2-2.  Population Statistics in the Central Big Sioux River Watershed  

County  State  
Rural 

Households  

Rural 

Population  

Urban 

Households  

Urban 

Population  

Brookings  South Dakota  2,294 5,460 9,297 22,126 

Deuel South Dakota  100 240 84 202 

Hamlin  South Dakota  22 58 258 675 

Kingsbury  South Dakota  1 2 424 992 

Lake  South Dakota  2,288 5,514 2,811 6,775 

McCook South  Dakota  9 23 ð ð 

Minnehaha  South Dakota  12,130 29,839 48,373 118,998 

Moody South Dakota  1,143 2,949 1,360 3,508 

Lincoln  Minnesota  199 468 ð ð 

Pipestone Minnesota  145 345 ð ð 

The BSLC uses a rural population to estimate land and stream loadings from failed septic 

systems as well as impacts from pets. The number of rural septic systems was determined  by 

manually marking each rural dwelling found on a 2010 Bing aerial  base map supplied by ArcGIS. 

Septic systems were categorized as old -aged, middle-aged, or new-aged based on a technique 

recommended in  the BSLC that uses USGS 7.5-minute quadrangle maps. Old -aged systems were 

given a failure rate of 40  percent , mid dle-aged systems were given 20  percent , and new-aged 

systems were given 3  percent . The SD DENR supplied a list of updated septic systems that was 

used to change failure rates of those old - and mid dle-aged systems that had been repaired or 

replaced. 

 

The BSLC considers a fraction of the hous es, on septic found within the riparian zone buffer of 

a stream , to be straight pipe systems. Buffer widths and house age were used to estimate  if a 

dwelling was potentially discharging via a straight pipe directly to the stream. Buffer widths 

are based on stream order and are provided  in  Table 2-3. The BSLC suggests that 10  percent  of 

the old -aged and 2 percent  of the mid dle-aged houses within the buffer are straight pipes.  

2.5 KEY FEATURES 

Various features within the watershed that attribute to hydrologic alteration within the Big 

Sioux River and supporting tributaries  are present .  The hydrologic alteration that these 

features cause can also hav e a significant impact on water -quality processes and , therefore , 



 

  ð DRAFT ð 10 

were accounted for during  the CBSRW DSM development.  These features are outlined in the 

sections below and are displayed in Figure 2-2. 

Table 2-3. Stream Order -Based Buffer 

Distances  

Stream  

Order  

Buffer  

(ft)  

1 98 

2 98 

3 164 

4 100 

5 656 

2.5.1 Cities 

Large r  cities within the watershed include Sioux Falls, Brookings, Madison, Dell Rapids, 

Hartford, and Flandreau. Areas of dense human population and development  have the potential 

to produce high levels of pollutants and high volumes of stormwater, which can raise in -stream 

pollutant levels after rainstorms  because the amount of impervious area  is significant . 

2.5.2 Lakes 

Much of the CBSRW lies on the Prairie Coteau, an area of closely spaced wetlands and lakes 

with no definite drainage pattern. The headwaters o f many tributaries to the Big Sioux River 

include these lakes, which result s in significant flow attenuation and pollutant settling  in those 

areas.  

2.5.3 City of Sioux Falls Diversion Structure 

The city of Sioux Falls lies on a large oxbow of the Big Sioux Rive r. To minimize flooding 

potential, a canal system was constructed to divert the majority of the Big Sioux River õs flow out 

of the oxbow and around the city. Skunk Creek flows into the oxbow downstream from the 

diversion point,  and often account s for the ma jority of the Big Sioux River flow through Sioux 

Falls.  
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Figure 2-2.  Key Features Located Within the Central Big Sioux River Watershed.  


