
 
 
 
 

TOTAL SUSPENDED SOLIDS TOTAL MAXIMUM 
DAILY LOAD EVALUATION FOR WOLF CREEK, 

HUTCHINSON COUNTY, SOUTH DAKOTA 
 
 
 
 

 
 
 
 
 

 
 
 
 

SOUTH DAKOTA DEPARTMENT OF 
ENVIRONMENT AND NATURAL RESOURCES 

 
APRIL 2011 

 



Wolf Creek Total Suspended Solids TMDL   

South	Dakota	Department	of	Environment	and	Natural	Resources	 Page	2	
 

Contents 
Wolf Creek Total Maximum Daily Load Summary Table ............................................. 4 

1.0 Introduction: .................................................................................................................. 5 
1.1 Watershed Characteristics ......................................................................................... 5 

2.0 Water Quality Standards ............................................................................................... 9 
3.0 Significant Sources ..................................................................................................... 11 

3.1 Point Sources .......................................................................................................... 11 
3.2 Non-point Sources .................................................................................................. 11 

4.0 Technical Analysis ...................................................................................................... 15 
4.1 Data Collection Method .......................................................................................... 15 
4.2 Load Duration Curve .............................................................................................. 15 
4.3 Flow Analysis ......................................................................................................... 17 

4.3.1 Zone 1 – High Flow (0% to 10% exceedance) ................................................ 17 
4.3.2 Zone 2 – Moist Conditions (10% to 40% exceedance) .................................... 18 
4.3.3 Zone 3 – Mid-range Flow (40% to 60% exceedance) ..................................... 20 
4.3.4 Zone 4 – Dry Conditions (60% to 76% exceedance) ....................................... 22 
4.3.5 Zone 5 – Low Flow (76% to 100% exceedance) ............................................. 23 

5.0 TMDL and Allocations ............................................................................................... 23 
5.1 Load Allocations (LAs) .......................................................................................... 23 
5.2 Wasteload Allocations (WLAs) .............................................................................. 23 

6.0 Margin of Safety (MOS) and Seasonality ................................................................... 24 
6.1 Margin of Safety ..................................................................................................... 24 
6.2 Seasonality .............................................................................................................. 24 

7.0 Public Participation ..................................................................................................... 24 
8.0 Monitoring Strategy .................................................................................................... 25 
9.0 Implementation Plan ................................................................................................... 26 
10.0 Literature Cited ......................................................................................................... 27 

List of Figures 
Figure 1.  Wolf Creek Watershed Location in South Dakota. ............................................ 6 
Figure 2.  Wolf Creek Watershed. ...................................................................................... 7 
Figure 3.  Listed Segment of Wolf Creek. .......................................................................... 8 
Figure 4.  Comparison of WQM sites on Wolf Creek. ..................................................... 12 
Figure 5.  Wolf Creek Sampling on May 6th, 2007.......................................................... 13 
Figure 6.  Wolf Creek Channel Stability. ......................................................................... 14 
Figure 7.  Wolf Creek Load Duration Curve for Total Suspended Solids ........................ 16 
Figure 8. Wolf Creek feeding areas.  AFOs are numbered according to implementation 

prioritization. ............................................................................................................. 26 

List of Tables 
Table 1.  State Water Quality Standards for Wolf Creek. ................................................ 10 
Table 2.  Data Collected from the High Flow Zone in Wolf Creek. ................................. 17 
Table 3.  High Flow Zone for Wolf Creek. ....................................................................... 18 
Table 4.  Data Collected from the Moist Conditions Zone in Wolf Creek. ...................... 19 
Table 5.  Moist Conditions Flow Zone for Wolf Creek. ................................................... 20 
Table 6. Data Collected from the Mid-range Flow Zone in Wolf Creek. ......................... 20 
Table 7. Mid-Range Flow Zone for Wolf Creek. ............................................................. 21 



Wolf Creek Total Suspended Solids TMDL   

South	Dakota	Department	of	Environment	and	Natural	Resources	 Page	3	
 

Table 8.  Data Collected from the Dry Conditions Zone in Wolf Creek. ......................... 22 
Table 9.  Dry Conditions Zone for Wolf Creek. ............................................................... 22 
Table 10.  Data Collected from the Low Flow Zone in Wolf Creek. ............................... 23 
Table 11.  Matrix for Wolf Creek AFOS.Matrix for Wolf Creek AFOs .......................... 26 



Wolf Creek Total Suspended Solids TMDL   

South	Dakota	Department	of	Environment	and	Natural	Resources	 Page	4	
 

Wolf Creek Total Maximum Daily Load Summary Table   

Entity ID: SD-JA-R-WOLF-02 

Location: HUC Code: 10160010 

Size of Watershed: 255,600 acres total 

Waterbody Type: Stream 

303(d) Listing Parameter: Total Suspended Solids 

Listing date: 2010 IR 

TMDL Priority Ranking: 1 

Listed Stream Miles: From the mouth to just above the Wolf Creek 
Colony 

Designated Use of Concern: Warmwater Marginal Fish Life Propagation 

Analytical Approach: Aquarius, Load Duration Curve Framework, RGAs 

Target: Meet all applicable water quality standards. 

Indicators: Total Suspended Solids Concentration 

High Flow Zone LA: 347 tons/day 

High Flow Zone WLA: 0 tons/day 

High Flow Zone MOS: 52 tons/day 

High Flow Zone TMDL: 400 tons/day 
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1.0 Introduction: 
The intent of this document is to clearly identify the components of the TMDL submittal 
to support adequate public participation and facilitate United States Environmental 
Protection Agency (EPA) review and approval.  The TMDL was developed in 
accordance with Section 303(d) of the federal Clean Water Act and guidance developed 
by EPA.  This TMDL document addresses the total suspended solids (TSS) impairment 
of Wolf Creek from just above Wolf Creek Colony to the mouth, SD-JA-R-WOLF-02.  
 

1.1 Watershed Characteristics 
Wolf Creek drains about 255,600 acres in southeast South Dakota (Figure 1) and 
discharges to the James River southwest of the community of Bridgewater (Figure 2).  
The stream receives runoff from agricultural operations.  During the assessment, data was 
collected indicating the creek experiences periods of degraded water quality as a result of 
TSS loads.  The land use in the watershed is predominately agricultural consisting of 
59% row crops, 23% grass, 6% developed (including farmsteads, roads, and small 
communities), 4% herbaceous, 4% close seeded/small grain, and 3% water and wetlands.   
 
There are four small communities within the watershed that have permitted wastewater 
treatment facilities.  These include Canova, Spencer, Emery, and Bridgewater.  None of 
these communities lie within the impaired reach of Wolf Creek.  
 
The impaired reach of the Wolf Creek drainage lies within Hutchinson County.  Common 
soil associations on the uplands in this section of the drainage include the Clarno-
Tetonka-Prosper and the Hand-Clarno-Davison associations.  Soil associations found in 
the floodplain of the stream include the Ethan-Betts-Chaska association.  Most areas of 
this association are maintained as pasture land.  Some bottomland is used for agricultural 
production (USDA, 1978). 
 
Hutchinson County is considered humid continental and approaches semi-arid in some 
years.  Temperatures range from over 100° to -30°.  Most of the precipitation falls during 
the warm period, and rainfall is normally heaviest late in spring and early in summer.  
Average annual precipitation is 23 inches, of this, 18 inches usually falls in April through 
September.  Snowfall accumulations typically total 36.6 inches annually (USDA, 1978). 
 
Wolf Creek was assessed as an individual portion of the larger Lower James River 
Watershed Assessment, which looked at individual streams such as Wolf Creek as well as 
the entire drainage basin and the cumulative effects of the individual waterbodies.  There 
are also two ambient water quality monitoring stations located on Wolf Creek.   
 
Segment SD-JA-R-WOLF-02 was listed for TSS in the 2010 Integrated Report 
(SDDENR, 2010).  This TMDL will address the TSS listing.   
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Wolf Creek Watershed

 
Figure 1.  Wolf Creek Watershed Location in South Dakota. 
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Figure 2.  Wolf Creek Watershed. 
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Figure 3.  Listed Segment of Wolf Creek. 
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2.0 Water Quality Standards 
Each waterbody within South Dakota is assigned beneficial uses.  All waters (both lakes 
and streams) are designated the use of fish and wildlife propagation, recreation and stock 
watering.  All streams are assigned the use of irrigation.  Additional uses may be assigned 
by the state based on a beneficial use analysis of each waterbody.  Water quality 
standards have been defined in South Dakota state statutes in support of these uses.  
These standards consist of suites of numeric criteria that provide physical and chemical 
benchmarks from which management decisions can be developed. 
 
Chronic standards, including geometric means and 30-day averages, are applied to a 
calendar month.  While not explicitly described within the states water quality standards, 
this is the method used in the states Integrated Water Quality Report (IR) as well as in 
permit development. 
 
Additional “narrative” standards that may apply can be found in the “Administrative rules 
of South Dakota: Articles 74:51:01:05; 06; 08; 09; and 12”.  These contain language that 
generally prohibits the presence of materials causing pollutants to form, visible 
pollutants, and nuisance aquatic life. 
 
Wolf Creek from just above Wolf Creek Colony to the mouth has been assigned the 
beneficial uses of: warmwater marginal fish life propagation; irrigation waters, limited 
contact recreation; and fish and wildlife propagation, recreation, and stock watering.  
Table 1 lists the criteria that must be met to support the specified beneficial uses.  When 
multiple criteria exist for a particular parameter, the most stringent criterion is used. 
 
South Dakota Water Quality Standards criteria do not apply when a low quality fishery 
(marginal and semipermanent warmwater fisheries) is below the 7 day average low flow 
that can be expected to occur once in five years (7Q5) or 1.0 cubic foot per second, 
whichever is greater.  Wolf Creek is defined as a low quality fishery making this criterion 
applicable.  A flow of 1 cfs will be used as the cutoff for the fishery standard because the 
7Q5 for Wolf Creek is equal to approximately 0.1 cfs  
 
The numeric TMDL target of 150 mg/L established for Wolf Creek took into 
consideration all current water quality standards.  The TSS criteria for the warmwater 
marginal fish life propagation beneficial use requires that 1) no sample exceeds 263 mg/L 
and 2) during a 30-day period, the arithmetic mean of a minimum of 3 samples collected 
during separate 24-hour periods must not exceed 150 mg/L.  These criteria are applicable 
throughout the year. 
 
Individual parameters determine the support of beneficial uses and compliance with 
standards.  The most restrictive of each of these standards that apply to Wolf Creek are 
listed in Table 1. 
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Table 1.  State Water Quality Standards for Wolf Creek. 

Parameters Criteria 
Unit of 

Measure 
Beneficial Use Requiring this 

Standard 

Total ammonia 
nitrogen as N 

Equal to or less than the 
result from Equation 3 in 
Appendix A of Surface 

Water Quality Standards

mg/L 
30 average 
May 1 to 

October 31 

Warmwater Marginal Fish 
Propagation 

Equal to or less than the 
result from Equation 4 in 
Appendix A of Surface 

Water Quality Standards

mg/L 
30 average 

November 1 
to April 31 

Equal to or less than the 
result from Equation c in 
Appendix A of Surface 

Water Quality Standards

mg/L 
Daily 

Maximum 

Dissolved Oxygen >4.0 mg/L 
Warmwater Marginal Fish 

Propagation 
Total Suspended 

Solids 
<150(mean)            

<263 (single sample) 
mg/L 

Warmwater Marginal Fish 
Propagation 

Temperature <32 °C 
Warmwater Marginal Fish 

Propagation 
Fecal Coliform 

Bacteria           
(May 1- Sept 30) 

<1000 (geometric mean)  
<2000 (single sample) 

count/100 mL Limited Contact Recreation 

Escherichia Coli 
Bacteria           

(May 1- Sept 30) 

<630 (geometric mean)   
<1178 (single sample) 

count/100 mL Limited Contact Recreation 

Alkalinity (CaCO3) 
<750 (mean)            

<1,313 (single sample) 
mg/L 

Fish and Wildlife Propagation, 
Recreation and Stock Watering 

Conductivity 
<2,500 (mean)          

<4,375 (single sample) 
µmhos/cm @ 

25° C 
Irrigation Waters 

Nitrogen, nitrate as N 
<50 (mean)             

<88 (single sample) 
mg/L 

Fish and Wildlife Propagation, 
Recreation and Stock Watering 

pH (standard units) >6.0 to <9.0 units 
Warmwater Marginal Fish 

Propagation 
Solids, total 
dissolved 

<2,500 (mean)          
<4,375 (single sample) 

mg/L 
Fish and Wildlife Propagation, 
Recreation and Stock Watering 

Total Petroleum 
Hydrocarbon 

<10 mg/L Fish and Wildlife Propagation, 
Recrwation and Stock Watering

Oil and Grease <10  
Sodium Adsorption 

Ratio 
<10 ratio Irrigation Waters 
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3.0 Significant Sources 

3.1 Point Sources 
There are four permitted facilities in the watershed, however all these are either zero 
discharge or many miles away from the impaired segment.  The cities of Emery, 
Bridgewater, and Canova are allowed to discharge to Wolf Creek.  Spencer wastewater 
treatment facility is operated as a no-discharge facility.  
 
The city of Emery’s facility reported discharging four times from 2001 to 2005.  During 
the development of the NPDES/Surface Water Discharge permit for the facility, the 
potential impacts on the downstream segment were considered.  SD DENR determined 
that Emery's discharge into Wolf Creek was a sufficient distance, around 25 stream 
miles, upstream of this listed segment of Wolf Creek and would not impact the 
designated beneficial uses.  
 
The city of Canova’s facility has discharged three times since 1999.  The facility 
discharges into an unnamed wetland that drains into an unnamed tributary of Wolf Creek.  
Canova is located near the headwaters of Wolf Creek, over 50 stream miles north of the 
listed segment.  The Canova facility should be a sufficient distance upstream to not 
impact the designated uses for the listed segment of Wolf Creek.   
 
The city of Bridgewater’s facility discharged once in May 2007 due to heavy rains.  The 
facility discharges into an unnamed tributary of Wolf Creek about 20 stream miles 
upstream of the listed segment.  The Bridgewater facility should be a sufficient distance 
upstream to not impact the designated uses for the listed segment of Wolf Creek.   
 
The cities of Emery, Canova, Bridgewater, and Spencer are not causing water quality 
impacts in the listed segment of Wolf Creek and will not be given a WLA for this TMDL.   

 

3.2 Non-point Sources 
Non-point sources of suspended solids in Wolf Creek come from agricultural uses, 
mainly grazing, in riparian areas and from channel degradations.      
 
Figure 4 shows a comparison of data collected at the two water quality monitoring 
locations on Wolf Creek.  This figure shows that there is no significant difference 
between WQM sites.  The location of WQM 158 is within the listed segment while 
WQM 157 is within the non-listed segment of Wolf Creek.   
 
Samples taken during the assessment of the Lower James River Watershed Assessment 
were taken at the location of WQM 158 and included the sampling of precipitation 
events.  Rain events and snowmelt runoff are major contributors of suspended solids for 
the entire Wolf Creek watershed, not just the listed segment.  On May 6th, 2007 there was 
a major storm event that moved across the Wolf Creek watershed and contributed to 
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heavy runoff.  Local coordinators sampled multiple locations (Figure 5) throughout the 
Wolf Creek watershed to find areas that contributed higher amounts of suspended solids 
during large rainstorm events.   

Wolf Creek WQM Site Data

 TSS:   F(1,194) = 0.0052, p = 0.9425
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Figure 4.  Comparison of WQM sites on Wolf Creek. 
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Figure 5.  Wolf Creek Sampling on May 6th, 2007. 

 
The Wolf Creek drainage contains approximately 215 animal feeding operations, some of 
which are in close enough proximity to the stream to have a potential for contributing 
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suspended solids.  There are 133 feedlots located within a half mile of the stream or a 
tributary that runs into the stream. 
 
There were 34 individual Rapid Geomorphic Assessments (RGAs) completed in the Wolf 
Creek drainage.  Figure 6 depicts conditions of the stream corridor using RGAs as the 
basis for determining stable and unstable stream conditions.    
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Figure 6.  Wolf Creek Channel Stability. 

 
It appears that the lower reaches from Highway 42 to the mouth of Wolf Creek are more 
unstable than the rest of the watershed.  Also the first unnamed tributary on the east side 
of Wolf Creek contributed to the unstable conditions.  
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Agricultural pressures in and around the stream riparian area are the main causes of 
unstable portions of the stream.  These factors in addition to natural channel erosion 
processes are the main contributing factors in the watershed.  
 
Streams within ecoregion 46 (including Wolf Creek) that are stable may be expected to 
generate annual suspended sediment loads ranging from 0.158 T/y/km2 to 0.579 T/y/km2 
with a median load of 0.351 T/y/km2 (Klimentz et al. 2009).  The maximum measured 
annual load in a stable stream for this ecoregion was measured at 4.33 T/y/km2.   
 
Substituting suspended solids data for the suspended-sediment data, the same 
methodology used by Klimentz and Simon was utilized for the Wolf Creek data.  The 
mean of all sample loads were summed and equated to a calendar year, providing a mean 
annual load (T/y).  To normalize data for watersheds of different size, sediment load was 
divided by drainage area, providing calculations of mean annual sediment yield 
(T/y/km2). 
 
A sediment load of 16.9 T/yr/km2 was calculated for the stream.  Depending on the 
reduction target selected (maximum vs. median of stable channels) reduction in sediment 
transport of 74% to 98% is necessary to reach the expected loading in a stable channel. 

4.0 Technical Analysis 

4.1 Data Collection Method 
Data on Wolf Creek was collected during the Lower James River Watershed Assessment 
from one sampling point located on Hutchinson County Road 11 near the mouth of the 
creek.  The data collected during the assessment was used to supplement existing data 
from SD DENR ambient water quality monitoring site WQM 158, which was co-located 
at site LOWJIMJRT15.  Figure 3 represents the listed segment of the watershed as well 
as the drainage area of the watershed.  There is also another ambient water quality 
monitoring site WQM 157 upstream.   
 
The Aquarius hydrologic statistics function was used to evaluate stream flows.  Sediment 
source evaluation was conducted through the use of RGAs and sample analysis.  Analysis 
performed with these programs was completed according to the most recent version of 
the Water Quality Modeling in South Dakota document (SDDENR, 2009), except where 
noted.   
 

4.2 Load Duration Curve 
The individual waste load allocation for each of facility was not included in the graphic 
due to their infrequent discharges and distance from the listed segment.   
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Figure 7.  Wolf Creek Load Duration Curve for Total Suspended Solids
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4.3 Flow Analysis 
Water quantity data were collected during the project and supplemented with USGS data 
from station 06478390 located on Wolf Creek near Clayton, South Dakota.  This USGS 
station is located a few miles upstream of the water quality monitoring station.  The 
difference between the drainage areas for the two gauges is less than 2% with no 
significant tributaries entering the creek between the sites.  Daily flows from over 10 
years of data were used to generate the flow frequency.  This relatively robust dataset 
provided the basis for a load duration curve that accurately represents the Wolf Creek 
flow frequencies.  Water quality data from the Lower James River Watershed 
Assessment as well as SDDENR ambient water quality monitoring were utilized in the 
development of this TMDL.  Sites LOWJIMJRT15 and WQM 158 are both located at the 
same point on the creek.   

4.3.1 Zone 1 – High Flow (0% to 10% exceedance) 
The high flow zone is composed of the highest 10% of flows that occurred in Wolf 
Creek.  The 10th percentile equates to a flow of 78 cfs and is the division between flow 
zones 1 and 2 as defined in the EPA load duration curve guidance.  This flow is slightly 
less than the Q1.5, which is approximately 135 cfs.  This is still very close to the channel 
forming flow making the 90% flow exceedence a good division for flow zone 1.  The 
chronic water quality standard was exceeded in seven of the 29 samples collected from 
this zone, see Table 2.  Of those seven, four also exceeded the acute standard of 263 
mg/L.    
 

Table 2.  Data Collected from the High Flow Zone in Wolf Creek. 

Station ID Sample Date TSS (mg/L) Flow (CFS) Flow Zone 
WQM 158 06/15/2010 114 3029.8 1 

LOWJIMJRT15 05/07/2007 354 1282.4 1 

LOWJIMJRT15 05/06/2007 700 805.4 1 

LOWJIMJRT15 03/12/2007 630 774.5 1 

WQM 158 08/10/2010 55 495.1 1 

WQM 158 06/14/2005 114 488.0 1 

LOWJIMJRT15 04/02/2007 344 439.4 1 

LOWJIMJRT15 03/26/2007 22 338.9 1 

WQM 158 07/13/2010 42 337.0 1 

LOWJIMJRT15 04/09/2007 48 229.8 1 

LOWJIMJRT15 04/09/2007 47 229.8 1 

WQM 158 06/17/2008 78 208.0 1 

WQM 158 07/21/2009 41 204.9 1 

WQM 158 04/12/2007 48 188.9 1 

LOWJIMJRT15 04/23/2007 196 171.5 1 

WQM 158 05/15/2007 23 161.0 1 

WQM 158 06/14/2004 150 158.1 1 

LOWJIMJRT15 04/17/2007 28 150.6 1 

LOWJIMJRT15 04/17/2007 28 150.6 1 

WQM 158 04/11/2006 168 145.5 1 

LOWJIMJRT15 04/11/2006 146 145.5 1 

LOWJIMJRT15 05/31/2007 8 132.3 1 
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WQM 158 03/20/2007 70 124.6 1 

WQM 158 04/15/2008 37 104.1 1 

WQM 158 06/05/2007 9 98.8 1 

WQM 158 04/13/2010 30 85.8 1 

WQM 158 06/23/2009 48 81.7 1 

WQM 158 07/10/2007 96 81.2 1 

WQM 158 08/11/2009 50 79.3 1 

 
Table 3 depicts an example of a TMDL for a flow of 987 cfs, the 95th percentile flow 
within flow zone 1.  Higher and lower flows within this zone may acceptably carry higher 
or lower loads as long as the concentration does not exceed the state standard.   
 
The concentration of 263 mg/L represents the acute standard and may make an 
appropriate goal for this flow zone because flows in excess of 78 cfs typically only last 
for short periods of time (peak runoff events).  However, the chronic threshold of 150 
mg/L will be utilized for the TMDL instead of the acute criteria.  This provides assurance 
that both the acute and chronic criteria are fully supported. 
 
The resulting reduction of 71% agrees with the sediment reduction suggested in section 
3.2.2 (74% to 98%).   
 

Table 3.  High Flow Zone for Wolf Creek. 

 Flow Zone 
 (expressed as tons/day) 

  
High Flows   

>78 cfs   
LA 347 Remaining load after deducting WLA and MOS from TMDL 

WLA     No Waste Load Allocation  

      

MOS 52   

TMDL @ 150 
mg/L 

400  Standard multiplied by 95th % flow for zone  

      

Current Load** 1385  95th Percentile of observed suspended sediment load for 
each zone  

Load Reduction 
71% 

Reduction required to reduce the current load to the load at 
the standard 

4.3.2 Zone 2 – Moist Conditions (10% to 40% exceedance) 
Zone 2 flows are characterized by above average moisture conditions in the watershed.  
Flows in this regime are generated by precipitation and snowmelt events.  The upper 
bound of this flow regime is approximately the annual return event.   
 
Two of the 50 samples collected within this flow zone were above the chronic threshold 
of 150 mg/L and none of those exceeded the acute standard of 263 mg/L.  Flows within 
this zone may be expected to persist for several weeks on a regular basis.  By utilizing 
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150 mg/L as the reduction target for a single sample maximum, it ensures that both the 
chronic and acute standards are fully supported.  There is no reduction needed in this 
flow zone.   
 

Table 4.  Data Collected from the Moist Conditions Zone in Wolf Creek. 

Station ID Sample Date TSS (mg/L) Flow (CFS) Flow Zone 
LOWJIMJRT15 03/21/2007 59 74.7 2 
WQM 158 03/25/2010 52 68.2 2 
WQM 158 05/19/2004 113 55.4 2 
LOWJIMJRT15 07/25/2007 132 46.8 2 
WQM 158 11/17/2009 19 45.4 2 
LOWJIMJRT15 04/26/2006 48 35.4 2 
LOWJIMJRT15 05/01/2007 30 33.4 2 
LOWJIMJRT15 06/25/2007 48 30.3 2 
WQM 158 05/20/2008 11 27.6 2 
WQM 158 02/11/2009 180 26.8 2 
WQM 158 11/18/2008 5 24.4 2 
WQM 158 03/18/2003 79 23.0 2 
LOWJIMJRT15 05/02/2006 73 21.7 2 
WQM 158 05/19/2010 21 20.8 2 
LOWJIMJRT15 08/22/2007 68 20.4 2 
WQM 158 03/25/2008 54 19.0 2 
WQM 158 09/26/2006 23 18.9 2 
LOWJIMJRT15 09/26/2006 23 18.9 2 
WQM 158 05/05/2009 10 18.8 2 
WQM 158 04/14/2009 28 18.8 2 
WQM 158 08/21/2007 136 18.3 2 
WQM 158 04/12/2005 113 17.6 2 
WQM 158 04/08/2002 31 16.9 2 
LOWJIMJRT15 08/20/2007 118 16.2 2 
WQM 158 02/15/2005 16 15.9 2 
LOWJIMJRT15 04/17/2006 126 14.8 2 
WQM 158 12/18/2001 21 14.6 2 
LOWJIMJRT15 05/10/2006 36 13.9 2 
WQM 158 05/17/2005 138 13.7 2 
WQM 158 07/16/2008 100 12.0 2 
WQM 158 05/14/2003 32 12.0 2 
WQM 158 05/09/2006 35 11.9 2 
WQM 158 10/15/2008 16 10.6 2 
WQM 158 09/15/2003 82 10.5 2 
WQM 158 03/30/2004 12 10.0 2 
WQM 158 03/26/2002 24 9.4 2 
WQM 158 08/10/2004 158 9.3 2 
WQM 158 10/20/2009 53 9.3 2 
WQM 158 08/15/2006 27 9.0 2 
LOWJIMJRT15 08/15/2006 27 9.0 2 
WQM 158 12/02/2003 5 8.8 2 
WQM 158 12/18/2008 9 8.3 2 
WQM 158 12/08/2004 6 8.2 2 
WQM 158 08/12/2008 78 7.6 2 
WQM 158 04/15/2003 21 7.5 2 
WQM 158 10/11/2006 14 7.3 2 
WQM 158 01/15/2002 5 7.2 2 
WQM 158 12/10/2002 3 7.2 2 
WQM 158 01/07/2003 15 7.2 2 
WQM 158 12/04/2007 7 6.7 2 
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Table 5 depicts an example of a TMDL for a flow of 60 cfs, the 95th percentile flow, 
within the moist condition regime.  Higher and lower flows within this zone may 
acceptably carry higher or lower loads as long as the concentration does not exceed the 
state standard.     
 
Elevated levels of suspended solids in this zone may be linked to bed and bank failures.  
Banks that are aggravated during high flow events are most likely to fail while water 
levels are dropping in this flow zone.  Also moderate storm events may fall in this zone 
creating increased sheet and rill erosion.   
 

Table 5.  Moist Conditions Flow Zone for Wolf Creek. 

 Flow Zone 
 (expressed as tons/day) 

  
Moist 

Conditions 
  

78-6.6 cfs   
LA 21 Remaining load after deducting WLA and MOS from 

TMDL 

WLA     No Waste Load Allocation  

      

MOS 3.5   

TMDL @ 150 
mg/L 

24.5  Standard multiplied by 95th % flow for zone  

      

Current Load** 22  95th Percentile of observed suspended sediment load 
for each zone  

Load Reduction 
0% 

Reduction required to reduce the current load to the 
load at the standard 

 

4.3.3 Zone 3 – Mid-range Flow (40% to 60% exceedance) 
The mid-range flows extend from approximately 6.6 cfs down to 2.5 cfs.  Of the 34 
samples collected from this flow regime, three exceeded the chronic standard.  One 
sample exceeded both the acute and chronic standard.  A load reduction of 17% will be 
needed to fully support designated beneficial uses to the chronic water quality standard.   
 

Table 6. Data Collected from the Mid-range Flow Zone in Wolf Creek. 

Station ID Sample Date TSS (mg/L) Flow (CFS) Flow Zone 

WQM 158 03/22/2005 13 6.5 3 
WQM 158 07/26/2005 120 6.3 3 
WQM 158 02/13/2002 9 6.2 3 
WQM 158 11/17/2004 41 6.1 3 
LOWJIMJRT15 05/16/2006 30 5.7 3 
WQM 158 04/13/2004 15 5.4 3 
WQM 158 09/10/2002 84 5.4 3 
WQM 158 07/13/2004 210 5.1 3 
WQM 158 11/06/2002 9 5.0 3 
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WQM 158 02/14/2006 6 4.8 3 
WQM 158 11/19/2003 3 4.6 3 
WQM 158 10/12/2004 49 4.4 3 
WQM 158 11/22/2005 10 4.4 3 
LOWJIMJRT15 10/25/2006 15 4.3 3 
LOWJIMJRT15 10/25/2006 10 4.3 3 
WQM 158 02/12/2003 4 4.2 3 
LOWJIMJRT15 05/31/2006 59 4.1 3 
WQM 158 01/06/2004 7 3.7 3 
WQM 158 01/12/2005 3 3.5 3 
WQM 158 10/22/2002 11 3.4 3 
WQM 158 09/07/2004 23 3.3 3 
WQM 158 09/18/2007 43 3.3 3 
WQM 158 02/21/2007 264 3.3 3 
WQM 158 01/09/2007 6 3.2 3 
WQM 158 02/10/2004 15 3.2 3 
WQM 158 03/29/2006 32 3.0 3 
WQM 158 12/14/2006 5 2.9 3 
WQM 158 06/10/2003 94 2.7 3 
LOWJIMJRT15 11/01/2005 18 2.7 3 
WQM 158 01/10/2006 8 2.5 3 
LOWJIMJRT15 08/30/2006 24 2.5 3 
LOWJIMJRT15 08/30/2006 20 2.5 3 
WQM 158 10/06/2003 28 2.5 3 
WQM 158 08/19/2003 166 2.5 3 

 
Table 7 depicts an example of a TMDL for a flow of 6.3 cfs, the 95th percentile flow, 
within the mid-range flow regime.  Higher and lower flows within this zone may 
acceptably carry higher or lower loads as long as the concentration does not exceed the 
state standard.     
 

Table 7. Mid-Range Flow Zone for Wolf Creek. 

 Flow Zone 
 (expressed as tons/day) 

  
Mid-Range 

Flows 
  

6.6-2.5 cfs   
LA 2 Remaining load after deducting WLA and MOS from 

TMDL 

WLA     No Waste Load Allocation  

      

MOS 0.6   

TMDL @ 150 
mg/L 

2.6  Standard multiplied by 95th % flow for zone  

      

Current Load** 3.1  95th Percentile of observed suspended sediment load 
for each zone  

Load Reduction 
17% 

Reduction required to reduce the current load to the 
load at the standard 
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4.3.4 Zone 4 – Dry Conditions (60% to 76% exceedance) 
The dry conditions zone extends from approximately 2.5 cfs down to 1.00 cfs.  All fifteen 
samples in this zone were below both the acute and chronic standards.  A load reduction 
is not needed because the designated beneficial uses are fully supported.  
 

Table 8.  Data Collected from the Dry Conditions Zone in Wolf Creek. 

Station ID Sample Date TSS (mg/L) Flow (CFS) Flow Zone 

WQM 158 10/12/2005 16 2.4 4 
WQM 158 02/20/2008 51 2.2 4 
WQM 158 11/07/2007 6 1.9 4 
WQM 158 05/07/2002 10 1.7 4 
WQM 158 06/18/2002 72 1.7 4 
WQM 158 08/30/2005 44 1.4 4 
LOWJIMJRT15 06/06/2006 98 1.4 4 
LOWJIMJRT15 06/06/2006 95 1.4 4 
LOWJIMJRT15 05/23/2006 19 1.2 4 
WQM 158 06/13/2006 86 1.2 4 
WQM 158 09/20/2005 25 1.2 4 
WQM 158 07/18/2006 90 1.1 4 
WQM 158 09/23/2008 52 1.0 4 
WQM 158 09/14/2009 32 1.0 4 
WQM 158 07/16/2002 140 1.0 4 

 
Table 9 depicts an example of a TMDL for a flow of 2.3 cfs, the 95th percentile flow, 
within the dry conditions regime.  Higher and lower flows within this zone may 
acceptably carry higher or lower loads as long as the concentration does not exceed the 
state standard.     
 

Table 9.  Dry Conditions Zone for Wolf Creek. 

 Flow Zone 
 (expressed as tons/day) 

  
Dry Conditions   

2.5-1.0 cfs   
LA 0.7 Remaining load after deducting WLA and MOS from 

TMDL 

WLA     No Waste Load Allocation  

      

MOS 0.2   

TMDL @ 150 
mg/L 

0.9  Standard multiplied by 95th % flow for zone  

      

Current Load** 0.7  95th Percentile of observed suspended sediment load 
for each zone  

Load Reduction 
0% 

Reduction required to reduce the current load to the 
load at the standard 
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4.3.5 Zone 5 – Low Flow (76% to 100% exceedance) 
The low flow zone represents flows below 1 cfs.  No TMDL was developed for zone 5, 
because the total suspended solids water quality standard does not apply to flows that are 
below the 1 cfs cutoff for a low quality fishery. 
 

Table 10.  Data Collected from the Low Flow Zone in Wolf Creek.   

Station ID Sample Date TSS (mg/L) Flow (CFS) Flow Zone 

WQM 158 01/22/2009 8 0.5 5 
WQM 158 10/10/2007 24 0.5 5 
LOWJIMJRT15 07/26/2006 108 0.2 5 
WQM 158 12/16/2009 8 0.0 5 
WQM 158 01/13/2010 21 0.0 5 
WQM 158 02/17/2010 5 0.0 5 

 
All samples that were collected below 2.5 cfs were in full support of the total suspended 
solids water quality standard.   

5.0 TMDL and Allocations 

5.1 Load Allocations (LAs) 
A 71% reduction in solids is required in the high flow regime to fully attain the current 
water quality standards.  Load reductions are possible in this flow regime, but a 71% 
reduction may be difficult or impossible to achieve.   
 
A 17% reduction in solids is required in the mid-range flow regime to fully attain the 
current water quality standards.  Load reductions used for the high flow regime should be 
sufficient with the implementation to address the mid-range flow regime.   

5.2 Wasteload Allocations (WLAs) 
There are four permitted facilities in this watershed.  All of the facilities were either no-
discharge permits or far upstream of the listed segment.  None of which were included in 
the calculation of the TMDL.    
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6.0 Margin of Safety (MOS) and Seasonality 

6.1 Margin of Safety 
An explicit MOS identified using a duration curve framework is basically unallocated 
assimilative capacity intended to account for uncertainty (e.g., loads from tributary 
streams, effectiveness of controls, etc). An explicit MOS was calculated as the standard 
error between the loading capacity at the mid-point of each of the flow zones and the 
loading capacity at the minimum flow in each zone.  A substantial MOS is provided 
using this method, because the loading capacity is typically much less at the minimum 
flow of a zone as compared to the mid-point.  Because the allocations are a direct 
function of flow, accounting for potential flow variability is an appropriate way to 
address the MOS.   

6.2 Seasonality 
Different seasons of the year can yield differences in water quality due to changes in 
precipitation and agricultural practices.  Some seasonal variation in the suspended solids 
load would be expected.  The data indicates that violations are directly linked to high 
flow conditions, which most often occur during the spring months.   
 

7.0 Public Participation 
STATE AGENCIES 
South Dakota Department of Environment and Natural Resources (SD DENR) was the 
primary state agency involved in completion of this assessment.  SD DENR provided 
technical support and equipment throughout the course of the project. 
 
FEDERAL AGENCIES 
Environmental Protection Agency (EPA) provided the primary source of funds for the 
completion of the Lower James River Assessment project. 
 
LOCAL GOVERNMENT, INDUSTRY, ENVIRONMENTAL, AND OTHER GROUPS, 
AND PUBLIC AT LARGE 
The primary local sponsor for this project was the James River Water Development 
District.  The district held bi-monthly board meetings in which, short updates on the 
progress of the assessment project were presented.  The updates were followed by a 
question and answer session for board members and public attendees.  TMDL activities 
in the district were presented and discussed at nearly every meeting since project 
planning began in 2005.   
 
During the summer sampling seasons, project personnel frequently met with landowners 
in the field.  These meetings were most often initiated by landowners stopping to ask 
questions while coordinators were engaged in data collection.  Although informal in 
nature, these meetings provide an important medium for obtaining local landowner views 
and opinions. 
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This TMDL was placed on public notice during April 2011 in the Mitchell Daily 
Republic as well as the Bridgewater Tribune.  The document was made available on the 
DENR website and advertised on its home page during the same time period.   
 

8.0 Monitoring Strategy 
The Department may adjust the load and/or wasteload allocations in this TMDL to 
account for new information or circumstances that are developed or come to light during 
the implementation of the TMDL and a review of the new information or circumstances 
indicate that such adjustments are appropriate. Adjustment of the load and waste load 
allocation will only be made following an opportunity for public participation. New 
information generated during TMDL implementation may include, among other things, 
monitoring data, BMP effectiveness information and land use information. The 
Department will propose adjustments only in the event that any adjusted LA or WLA will 
not result in a change to the loading capacity; the adjusted TMDL, including its WLAs 
and LAs, will be set at a level necessary to implement the applicable water quality 
standards; and any adjusted WLA will be supported by a demonstration that load 
allocations are practicable. The Department will notify EPA of any adjustments to this 
TMDL within 30 days of their adoption. 
 
Monitoring will continue throughout the Lower James River watershed.  Wolf Creek sites 
WQM 157 and WQM 158 will be monitored monthly as part of the ambient water quality 
monitoring program.  The results from this monitoring can be used to supplement the 
modeling to judge project effectiveness or TMDL adjustments.   
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9.0 Implementation Plan 
There have been 5 contracts, totaling about 340 acres, signed into the Conservation 
Reserve Enhancement Program (CREP) in the Wolf Creek watershed.     
 
Five feeding areas were assessed and prioritized based on water quality data and a simple 
matrix involving the AFO’s distance from the stream and the number of livestock in the 
AFO (Figure 8).  AFOs located in areas where TSS was increasing were targeted and 
then assessed using the matrix.  A 1-10 rating score was given for each criteria (distance 
from stream and number of livestock) and the five AFOs were ranked. 
 

Table 11.  Matrix for Wolf Creek AFOS.Matrix for Wolf Creek AFOs 

AFO Distance from water 
# of 
Animals Total 

1 10 8 18
2 10 4 14
3 5 4 9
4 4 1 5
5 1 3 4

 
 

 
Figure 8. Wolf Creek feeding areas.  AFOs are numbered according to implementation 
prioritization. 
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