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1.0 INTRODUCTION
Water-quality improvements in the Central Big Sioux River Watershed (CBSRW) are needed
per the Escherichia coli (E. coli) and total suspended solids (TSS) Total Maximum Daily Loads
(TMDL) [McCutcheon et al., 2012] and master plan [Oswald et al., 2013] for the Central Big
Sioux River (CBSR). Achieving water-quality-based effluent limits can necessitate extensive
and costly infrastructure upgrades and best management practices (BMPs) depending on the
requirements and treatment technology in place. Water-quality credit trading (WQCT) can
provide credit buyers in the CBSRW additional flexibility for complying with National Pollutant
Discharge Elimination System (NPDES) permit requirements based on TMDL goals.
Trading can provide a cost-effective alternative to traditional facility upgrades in watersheds
where trading viability has been evaluated and found to be suitable. The combination of trading
and other flexible implementation options can accelerate water-quality protection. Tradable
offsets can be applied to load reduction requirements until on-site reductions are economically
feasible (e.g., technology improvements and/or BMP implementation aligned with urban
infrastructure redevelopment schedules). WQCT activities can also be combined with other
traditional NPDES permit flexible options, such as long-term compliance schedules and/or
variance procedures. This coupling can enable more costly stormwater BMP retrofits to be
installed as part of infrastructure upgrades.
This pollutant suitability analysis will help determine if trading can provide a cost-effective
approach for achieving bacteria and sediment reductions in the CBSRW. Bacteria pose a unique
challenge for determining pollutant suitability given potential differences in human health risks
associated with pathogen contamination from various sources and a lack of information to fully
evaluate such differences. Waterborne pathogens in the CBSRW originate from both human and
other animal sources. In urban areas, pathogen sources commonly are the result of stormwater
coming in contact with sources of human sewage, as well as pet and wildlife excretions. In rural
areas, the sources typically are livestock, wildlife, and failing septic systems.
Trading can be used to assist with reducing livestock pathogen loads to surface waters and
achieving the water-quality standard. Land use in the CBSRW includes substantial agricultural
activities, including livestock operations. As such, runoff from livestock manure has been
identified as a major source of pathogen contamination. Some pathogens that originate in
livestock can cause disease in humans, and others do not pose a human health risk. For bacteria
to be suitable for trading, pathogens originating from livestock sources must be equivalent to
pathogens originating from other watershed sources. However, there is insufficient data to
establish a specific equivalency relationship. Despite this lack of information, reducing
pathogen loading from livestock sources can still contribute to water-quality improvements and
reduce human health risks.
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Given the challenges associated with incorporating bacteria into a trading program, a phased
approach that would prioritize reductions in human sources of pathogens is recommended.
These sources would be addressed using traditional measures and would not be eligible for
offsets through credit purchases. Essential pollution reduction activities would be implemented
early in the TMDL compliance schedule, even though such activities might be expensive.
Activities to reduce pathogen load would include agriculture credit generation projects. These
credits would be phased out over time, and trading activities would be replaced by on-site BMPs
and technology controls that are more difficult to implement.

1.1 PURPOSE
A pollutant suitability evaluation considers whether or not WQCT is an appropriate
alternative compliance option to help achieve water-quality goals. To qualify as an appropriate
option, trading must fit with established policies and regulations. Therefore, trades must fit
with the U.S. Environmental Protection Agency (EPA) policy and comply with Clean Water Act
(CWA) requirements. The CWA-based Code of Federal Regulations (CFR) states that permitted
discharges must not cause or contribute to water-quality violations. Trading programs designed
to help an entity meet permit obligations must also adhere to this requirement. The pollutant
characteristics and local watershed setting must be evaluated to determine whether or not this
requirement can be met.
The pollutant suitability assessment first identifies which pollutants can be traded based on
existing policy and the pollutants contributing to water-quality impairments [EPA, 2004]. The
assessment also evaluates pollutant characteristics, as well as the quantity and spatial
distribution of potential supply and demand. In addition, the environmental impacts of each
pollutant form are assessed to determine if equivalences can be established. Pollutant
equivalences account for differences in environmental impacts associated with different forms of
the same pollutant. A trade ratio is a multiplier that is used to help ensure the desired
environmental objectives are met by incorporating considerations such as pollutant equivalency,
location, uncertainty, and/or policy goals. Trade ratio components will be discussed in more
detail in a future phase of this project when the framework is completed.

1.2 POLLUTANT IDENTIFICATION
The assessed pollutant parameters were bacteria (represented by E. coli and fecal coliform)
and TSS. Bacteria standards are designed based on “indicator organisms” used to represent
fecal contamination of surface waters. The presence of an indicator organism, such as E. coli, is
an accepted method for determining whether or not a waterbody contains levels of pathogens
that are likely to pose a human health threat. This indicator is used to simplify monitoring and
water-quality analyses and does not reflect a complete picture of potential pathogen
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contamination. However, it is considered an acceptable proxy given the technical and economic
constraints associated with testing for multiple pathogens.
Both bacteria and TSS were identified as contributing to water-quality impairments in the
CBSRW. Excessive E. coli, fecal coliform, and TSS were cited in South Dakota’s 2012 Integrated
Report [South Dakota Department of Environmental and Natural Resources, 2012] as causes of
impairment for the watershed. High TSS loading impairs waterbodies by increasing water
temperature, decreasing clarity, and decreasing habitat quality. Bacterial contamination poses
a human health risk associated with recreational contact. The TMDL identified livestock,
wildlife, and human activities as the major sources of pathogens in the watershed. Sediment
sources in the watershed include soil erosion and urban runoff. A modeling analysis indicated
that TSS is relatively persistent in the watershed, and bacteria attenuate more rapidly.
Pollutant persistence and its implications for trading program development is discussed in more
detail in Chapter 5.0 (“Findings”) of this report.
Urban sources of pathogens include surface runoff and connections between storm drain
systems and sanitary sewer systems. Surface stormwater runoff can contribute pathogens from
pet and wildlife waste. Connections with sanitary sewer systems can contribute pathogens from
human waste, which creates a direct threat to human health. In some cases, sewage
contamination can account for the majority of pollutant discharges from storm drain systems
[Burton and Pitt, 2002]. Types of unintentional connections include cross connections that occur
when sewer infrastructure ages, as well as settings where sewer systems were constructed
without grouted joints. Direct and intentional hookups include combined sewer overflows
(CSOs) and direct wastewater treatment plant (WWTP) bypasses and/or Sanitary Sewer
Overflows (SSOs). Human pathogen sources should be targeted first given the clearer, better
understood link to human disease. A trading program in the CBSRW would be coupled with
activities that prioritize eliminating sources of human waste.

3

2.0 POLLUTANT SUITABILITY CONSIDERATIONS
Existing EPA policy supports trading to address water-quality impairments; however, only
certain pollutants are considered suitable for trading. This section discusses the implications of
the EPA’s trading policy, guidance materials, and pollutant discharge characteristics. These
factors will be evaluated to determine if trading is an appropriate option for addressing E. coli
and TSS water-quality goals in the CBSRW. The discharge characteristics assessed as part of
the pollutant suitability evaluation include source characteristics, impact characteristics, forms
and equivalence, persistence, and timing.

2.1 FORMS SUITABLE FOR TRADING
Trading has demonstrated success in addressing sediment loading requirements, but no
WQCT programs currently incorporate bacteria reductions. The EPA identified nitrogen,
phosphorus, and sediment as water-quality parameters that are appropriate for trading. Some
pollutant types (e.g., persistent bioaccumulative toxics) were identified as not supported by the
EPA for trading. This approach was described in the 2003 Final Water Quality Trading Policy
[EPA, 2003] and the EPA Water Quality Trading Toolkit for Permit Writers [EPA, 2009]. Based
on the EPA’s policy, trading other parameters would necessitate additional review. A WQCT
program designed to improve water quality in the CBSRW will need to address complications
associated with the suitability of bacteria for trading.
Different sources of fecal contamination will result in different types and concentrations of
pathogens present in surface waters. These different pathogens vary in terms of their likelihood
to cause illness in humans, and some are not transferred in water. Therefore, it is not
necessarily sufficient to state that a reduction in fecal matter runoff from one source is
equivalent to a reduction from another source. This issue is further complicated by the fact that
there is a dearth of research and data exploring the different pathogen types and amounts
emitted from different source types. Therefore, it is not currently possible to conclusively assess
bacteria equivalence numerically. A conservative equivalence factor for the trade ratio can be
developed based on a literature review. The draft factor can then be vetted with the local
watershed and conservation professionals working in the CBSRW. In this manner, the shortterm trade ratios can be developed for an appropriate interim milestone approach.
The trading framework established for the CBSRW will need to appropriately alleviate the
issues associated with bacterial contamination and the lack of sufficient data to establish
equivalence. A phased approach is recommended as an appropriate method for incorporating
bacteria into a trading program. Eliminating human sources of pathogens will be given the
highest priority, given the clear link to human health risks. These sources will not be eligible to
meet reduction goals by purchasing pollution reduction offsets. Trading can be used to
4

implement additional measures of pollution reduction in the watershed to further reduce
bacteria loading. Additional details describing this method are provided in Chapter 6.0
(“Recommended Approach”) of this report.

2.2 POLLUTANT CHARACTERISTICS
According to the EPA [2004], for trading to appropriately address water-quality
impairments, the pollutant characteristics should fit certain criteria. The pollutant loading
must be quantifiable and the source must be able to achieve load reductions. The pollutant must
also not be bioaccumulative (e.g., polychlorinated biphenyls [PCBs] or mercury) or acutely toxic.
For example, a buyer whose discharge causes fish kills would not be eligible for participating in
a trading program. A pollutant must also be persistent in the environment. For trading to be
effective, the pollutant source must contribute to the downstream water-quality impairment. In
addition, an entity generating pollution reduction credits must be under no legal obligation to
further reduce loading. The type/form of pollutant discharged by potential buyers and sellers
also must be the same, or equivalencies must be able to be established. For example, if the same
type of pollutant is being discharged in different forms, a multiplier must be applied to ensure
that water-quality impacts are equivalent. A trading program must also take timing
considerations into account and fulfill regulatory permit requirements. Discharges and
reductions must align with permit effluent limit averaging periods, when applicable (i.e., must
be contemporaneous).

2.2.1 Sediment
Dominant sources of sediment loading to surface waters include eroded soil transported by
surface runoff, streambank erosion, and bedload sediments. Excessive loading impairs aquatic
ecosystems by reducing habitat quality, diminishing food supplies for organisms, increasing
contamination of sediment-bound pollutants, depleting dissolved oxygen, and increasing water
temperatures. The CBSRW TMDL identified TSS as a cause of waterbody impairment; thus, a
trading program would address sediments in this form. These particles are typically less than 1
mm in size, which is small enough to remain suspended in the water column. However,
relatively minor reductions will be necessary from NPDES-permitted facilities to meet waterquality goals. Many of the urban stormwater practices implemented to reduce pathogen loading
will also manage sediment. A strategic blend of targeted retrofits and the prioritized
implementation of bacteria reduction practices can be assumed to be sufficient for reducing the
urban sediment loading and achieving compliance requirements. Therefore, the remainder of
this report focuses on evaluating the suitability of trading pathogens.

2.2.2 Pathogens
Pathogens are any microorganism that causes illness in plants or animals, including
humans. Multiple types of microorganisms (including protozoa, bacteria, viruses, and worms)
5

can be pathogenic and cause illness. The most common symptom associated with illness from
pathogens is diarrhea, and the specific microorganism that makes an individual sick is not
always identified [Gorbach, 1996]. Human sources of pathogens pose the most clear, direct risk
to human health; therefore, these sources should be the top priority for load reductions. Other
sources, such as livestock manure and animal waste, also contribute pathogens that can cause
human illness. For example, pathogenic strains of E. coli and Cryptosporidium can originate
from both livestock and humans and can cause severe illness. The following discussion provides
background information regarding livestock pathogen sources and potential linkages to human
health risks.
The pathogen contamination of surface waters occurs when pathogens are shed in the feces
of infected animals and intercepted by a water flow. Several pathways of water transport are
possible, including surface runoff, direct defecation into a waterbody, and subsurface flow. The
quantities of pathogens entering surface waters will depend on several conditions, including the
mass of accumulated fecal matter, runoff controls, and precipitation.
Humans using waterbodies for recreational purposes can become sick when exposed to high
concentrations of pathogens in the water. Human health risk depends on the type of pathogen,
its persistence in the environment, the dose, and the susceptibility of the individual exposed.
Some pathogens can cause illness at relatively low concentrations and doses. In addition, many
pathogens cannot survive for extended periods of time outside a host or are only persistent
under certain environmental conditions. The potential for human health impacts will depend on
factors such as discharge frequency, dilution, temperature, ingestion pathway, and persistence.
Livestock sources of pathogens contribute to surface water contamination and can pose a
substantial human health risk through recreational contact and ingestion. Often, pathogens are
host-specific and are only able to infect and cause disease in one type of animal or plant.
However, a few pathogens are not restricted by this interspecies barrier. Several pathogens,
called zoonotic pathogens, are naturally transmitted between humans and animals. One
estimate identified more than 150 microbial organisms that can be transmitted between
animals and humans [Gerba and Smith, 2006]. Livestock feces can represent a substantial
source of zoonotic pathogens within a watershed, and contamination occurs when fecal matter
or urine from infected animals enters surface waters. Although several different types of
pathogens are present in feces, water-quality management is predominantly concerned with
those that pose a human health risk. This discussion focuses on the intersection of pathogens
that originate in livestock, are transported by water, and pose a direct threat to human health
(Figure 2-1).
The numbers and types of pathogens in fecal matter depend on multiple factors, including
animal species, feed, health, manure characteristics, and manure storage [Natural Resources
Conservation Service, 2012]. For example, storing manure in wetter conditions can lower the
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temperature and enable pathogens to survive longer. Improper manure application methods can
result in the contamination of soil and water.
RSI-2214-13-001

Figure 2-1. Intersection of the Three Factors Influencing Pollutant Suitability for Pathogens.
Under certain conditions, pathogens can multiply in the host animal and then be excreted in
high concentrations. Sufficient concentrations of pathogens in water and human exposure
through recreational contact can lead to outbreaks of disease. Table 2-1 summarizes the major
illnesses associated with exposure to waterborne pathogens. The pathogens Campylobacter,
Giardia, and Cryptosporidium have recently become major causes of human illness from
contaminated water, whereas 100 years ago the dominant pathogens were those that caused
Typhoid fever. The three currently dominant pathogens are often associated with agricultural
activities, although Cryptosporidium has also been found in pristine waters [Hoar et al., 2001].
Human exposure to these pathogens, and other zoonotic pathogens associated with livestock
sources, should be managed to reduce health risks.
Most outbreaks of pathogen-related illness are associated with foodborne pathways; however,
multiple examples of outbreaks caused by water contamination exist [Spiehs and Goyal, 2007].
In 1998, a lake in Springfield, Illinois, became contaminated with manure from horse, sheep,
and cattle. The manure washed into the lake during a heavy rain and exposed triathlon
swimmers to Leptospira. Approximately 98 individuals became ill [Spiehs and Goyal, 2007]. In
1999, a well in Washington County, New York, was contaminated by drainage from a septic
system and also possibly a manure storage area (this source could neither be confirmed nor
ruled out). Approximately 781 people became ill and two died from exposure to E. coli O157:H7
and Campylobacter [New York Department of Health, 2000].
7

Table 2-1. Pathogens and Related Symptoms
Illness

Cause
(Pathogen)

Symptoms

Common
Sources

Transmission

• Prolonged diarrhea
• Vomiting
• Stomach cramps
Cryptosporidiosis

Cryptosporidium

• Appetite loss
• Weight loss

Humans
Animals

• Mild fever

Released in stool of infected
human/animal; ingestion of
oocysts in soil, food, or water
contaminated with fecal
matter

Can be asymptomatic

E. coli

E. coli O157
(several
pathogenic strains
exist)

• Stomach cramps
• Diarrhea

Humans

• Vomiting

Animals

• Mild fever

Ingestion of food or water
contaminated with
pathogenic E. coli bacteria

• Vomiting
• Diarrhea
Hemolytic Uremic
Syndrome

Bacteria (often E.
coli) that
expresses
verotoxin

• Low urine output
• Bloody stool
• Fever

Humans
Animals

Ingestion of food or water
contaminated with E. coli or
other bacteria

• Lethargy
• Weakness
• Diarrhea
• Gas
• Floating, greasy stool
Giardiasis

Giardia

• Stomach cramps
• Nausea

Humans
Animals

Ingestion of food or water
containing fecal matter from
infected human/animal

• Dehydration
Can be asymptomatic
• Diarrhea
• Vomiting
Norovirus

Norwalk virus,
calicivirus

• Nausea
• Stomach cramps

Humans

Contact with infected
individual, ingestion of
contaminated food or water

Humans

Contact with infected
individual, ingestion of
contaminated food, ingestion
of water contaminated with
sewage

• Fever
• Headache
• Body aches
• Diarrhea

Shigellosis

Shigella

• Fever
• Stomach cramps
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3.0 BIG SIOUX PROGRAM SPECIFICS
This assessment investigates the feasibility of a WQCT program in the CBSRW. A trading
program would facilitate the implementation of management practices to address the pointsource loading requirements identified in TMDL studies in the watershed. The focus in this
analysis is on the load reductions needed in stormwater runoff for the city of Sioux Falls to meet
their wasteload allocations (WLAs). The city’s municipal separate storm sewer system (MS4)
program received WLAs for E. coli and TSS for two impaired reaches: SD-BS-R-BIG_SIOUX_10
(referred to here as BSR-10) and SD-BS-R-BIG_SIOUX_11 (referred to here as BS-11)
(Figure 3-1). BS-10 extends from I-90 to the diversion return, and BS-11 extends from the
diversion return to the Sioux Falls Waste Water Treatment Plant (WWTP). These TMDLs were
approved by the EPA in December 2012 for TSS and in September 2012 for E. coli.
The city of Sioux Falls lies on a large oxbow of the Big Sioux River. To minimize flooding
potential, a canal system was constructed by the U.S. Army Corps of Engineers (USACE) to
divert the majority of the Big Sioux River’s flow out of the oxbow and around the city. The
diversion structure is located on the CBSR near the upstream end of BS-10, near the north side
of the incorporated city limits of Sioux Falls. Skunk Creek flows into the oxbow downstream
from the diversion point, and often accounts for the majority of the Big Sioux River flow through
Sioux Falls. The diversion channel reconnects with the historic CBSR channel at the beginning
of BS-11.

3.1 POLLUTANTS
The pollutants evaluated for a potential WQCT program are TSS and the fecal indicator
bacteria E. coli.

3.1.1 E. coli
The EPA recommends that states use numeric criteria for E. coli to protect human health in
waters designated for primary contact recreational use. E. coli sources in the CBSRW originate
from livestock, humans, wildlife, and pets. Livestock in the basin are predominantly beef cattle.
Other livestock in the basin include dairy cattle, chickens, swine, turkeys, sheep, and horses.
Livestock contribute bacteria loads to the Big Sioux River directly by defecating while wading in
the river and indirectly by defecating on pastures and feedlots and through manure applied to
cropland. These watershed loads can be washed off into surface waters during precipitation and
runoff events.
Human sources of fecal bacteria are delivered to surface waters from septic systems, WWTP
effluent, and sanitary sewer systems. The WWTPs in the project area have concentration limits
for fecal coliform. The city of Sioux Falls has investigated and removed known cross connections
9
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Figure 3-1. Impaired Reaches Within the City of Sioux Falls.
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between sanitary sewers and storm drain systems. Other pathways of human sources of E. coli
to the city’s stormwater conveyances include overflows from sanitary sewer systems and wet
weather discharges from centralized wastewater collection and treatment facilities.
Wildlife sources of E. coli include deer, beaver, muskrats, raccoons, skunks, nesting Canada
geese, rabbits, and wild turkeys. Wildlife contribute E. coli loads to the Big Sioux River directly
through defecation in the river and indirectly through defecation that is washed off from the
watershed during precipitation and runoff events.
Domestic animals contribute E. coli loads to the Big Sioux River in Sioux Falls through
defecation on a recreational trail that runs along the river and through the improper disposal of
pet waste on private property near the stormwater conveyance system and along the river.
To meet the E. coli daily maximum criterion in BS-11, the TMDL report presents reductions
by flow interval, which range from 57 percent in the low interval to 99 percent in the high flow
interval (Table 3-1). Reductions to meet the 30-day geometric mean criterion range from
78 percent to 85 percent.
Table 3-1. Percent Load Reductions to Meet E. coli and Total Suspended Solids
Water-Quality Criteria
TSS

E. coli
Flow
Interval

Daily Maximum
(%)

30-Day
Geometric Mean
(%)

Daily
Maximum
(%)

30-Day Mean
(%)

High

99

85

47

67

Moist

94

78

0

54

Midrange

92

79

0

20

Dry

70

80

0

0

Low

57

78

0

0

E. coli was selected as the appropriate trading parameter to address the E. coli WLAs in the
CBSRW bacteria TMDLs. E. coli is used as a proxy to indicate the presence of fecal
contamination in surface waters, E. coli loading goals are set forth in the CBSRW bacteria
TMDLs, and E. coli is a quantifiable pollutant.
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3.1.2 Sediment
The primary sources of sediment in the Big Sioux River are land surface erosion, bed and
bank erosion, and stormwater runoff. Loading is dominated by nonpoint sources, which
contribute sediment through wash-off outside of the permitted areas and through bed and bank
erosion. Cropland erosion represents a main component of the load delivered through wash-off.
Approximately 40 percent of the TSS load that reaches BS-11 is from land surface erosion
sources upstream of Sioux Falls (delivered through BS-08 and Skunk Creek). Approximately
half of the TSS load is from bed and bank erosion.
The point sources of sediment include stormwater runoff from regulated MS4 communities,
construction stormwater sites, and industrial stormwater sites. Sediment sources from urban
areas typically include the application of sand during winter precipitation events when the
temperature is below freezing, gravel and sand alleyways, gravel parking lots, steep slopes with
minimal vegetation, and construction sites. Approximately 6 percent of the load that reaches
BS-11 is from stormwater runoff from regulated MS4 communities. Less than 0.1 percent of the
TSS load is from WWTPs.
TSS was selected as the appropriate trading parameter to address the sediment wasteload
allocations in the CBSRW TSS TMDLs. To meet the TSS daily maximum criterion, the TMDL
report presents reductions by flow interval, which range from 0 percent in the low to moist
intervals to 47 percent in the high flow interval (Table 3-1). Reductions to meet the 30-day
mean criterion range from 0 percent to 67 percent.

3.2 WATER-QUALITY STANDARDS
Water-quality standards are defined in South Dakota state statutes in support of assigned
beneficial uses. The standards are defined in Administrative Rules of South Dakota (ARSD)
Article 74:51 and consist of suites of criteria that provide physical and chemical benchmarks.
Water-quality standards in Minnesota are also defined in support of beneficial uses and are
outlined in Minnesota Administrative Rules Part 7050.
The E. coli numeric criteria protect waterbodies for the recreational beneficial uses. In the
South Dakota portion of the CBSRW, the two recreational beneficial uses are immersion
recreation and limited contact recreation. Each beneficial use has two numeric criteria—one
that is based on a 30-day average E. coli concentration and one that is based on individual
measurements (Table 3-2). The numeric criteria for immersion recreation are more stringent
than those for limited contact recreation. All E. coli numeric criteria in South Dakota are
applicable from May 1 through September 30.
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Table 3-2. E. coli Numeric Criteria in South Dakota and Minnesota
State

Beneficial
Use
Limited contact
recreation

Applicable
Season
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Limited resource value
(Class 7 waters)
MN

Aquatic life and
recreation (Class 2B
waters: primary and
secondary body
contact)

Numeric Criteria
(org/100 mL)

Special
Conditions

≤ 630

30-day mean(a)

≤ 1178

Individual
exceedance

May 1–Sep 30

Big Sioux River reaches
upstream of reach 8, Skunk
Creek

≤ 126

30-day mean(a)

May 1–Sep 30

Big Sioux River reaches 8, 10, 11,
12; Pipestone Creek; Split Rock
Creek

≤ 235

Individual
exceedance

≤ 630

Monthly mean(b)

May 1–Oct 31

Assessment unit identifications
(AUIDs) 10170203-516 (portion of
Flandreau Creek), 10170203-543
(Unnamed Creek), 10170203-544
(Unnamed Ditch)

≤ 1260

Individual
exceedance(c)

≤ 126

Monthly mean(b)

SD
Immersion recreation

Applicable
Waterbody

Apr 1–Oct 31

All other streams that are surface
waters of the state

≤ 1,260

(a) Geometric mean based on a minimum of 5 samples obtained during separate 24-hour periods for any 30-day period.
(b) Geometric mean of ≥ 5 samples per calendar month (April–October).
(c) 10% of all samples per month (April–October) must be in violation of criterion for waterbody to be considered impaired.

Individual
exceedance(c)

State Rules
Section
ARSD
74:51:01:51

ARSD
74:51:01:50

MN Rule
7050.0227
Subp. 2

MN Rule
7050.0222
Subp. 4

In the Minnesota portion of the CBSRW, the two beneficial uses with respect to the E. coli
criteria are (1) limited resource value and (2) aquatic life and recreation. Each beneficial use
has two numeric criteria—one that is based on a monthly (calendar) mean and one that is based
on individual measurements (Table 3-2). The numeric criteria for aquatic life and recreation are
more stringent than those for limited resource value waters. All E. coli numeric criteria in
Minnesota are applicable from April 1 through October 30.
The Big Sioux River reaches that flow through and are adjacent to Sioux Falls are assigned
immersion recreation as their beneficial use. These reaches are BS-08, BS-10, BS-11, and
BS-12. Skunk Creek and the Big Sioux River reaches upstream of BS-08 are assigned limited
contact recreation as their beneficial use and have much less stringent numeric criteria (630
and 1,178 org/100 mL versus 126 and 235 org/100 mL). Even though the criteria in these
agricultural portions of the watershed are less stringent than those in Sioux Falls, South
Dakota rules state that pollutants that are discharged into a waterbody should not cause a
violation of the criteria of the immediate receiving waters and of any downstream segments
with more stringent criteria (ARSD 74:51:01:04). A WQCT program can accelerate the
implementation of practices to reduce E. coli load in the limited contact recreation portion of the
watershed and can help compliance with ARSD 74:51:01:04.
South Dakota’s numeric criteria for TSS protect waterbodies for two beneficial uses: warm
water semipermanent fish life propagation and warm water marginal fish life propagation.
Each beneficial use has two numeric TSS criteria—one that is based on a 30-day mean and one
that is based on individual measurements (Table 3-3). The numeric criteria for semipermanent
propagation are more stringent than those for marginal propagation. The TSS numeric criteria
in South Dakota are applicable year-round.
Whereas South Dakota has numeric criteria for TSS, Minnesota has numeric criteria for
turbidity. The beneficial use that the turbidity criteria apply to is aquatic life and recreation for
Class 2B waters, which are protected for cool or warm water fish and associated aquatic life.
The turbidity numeric criterion is based on individual observations; a waterbody is considered
to be meeting the standard if fewer than 10 percent of observations are below the criterion
(Table 3-3). The turbidity numeric criteria in Minnesota are applicable year-round.
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Table 3-3. Total Suspended Solids and Turbidity Numeric Criteria in South Dakota and Minnesota
State

SD

Parameter

TSS

15
MN

Turbidity

Beneficial
Use
Warm water
semipermanent fish
life propagation

Applicable
Season
Year-round

Applicable
Waterbody
BS-1 through BS-12,
Pipestone Creek,
Split Rock Creek

Warm water
marginal fish life
propagation

Year-round

Skunk Creek

Aquatic life and
recreation (Class 2B
waters: cool or warm
water fish and
associated aquatic
life)

Year-round

All streams that are
surface waters of the
state

Criteria
(org/100 mL)

Units

≤ 90

mg/L

30-day mean(a)

≤ 158

mg/L

Daily maximum

≤ 150

mg/L

30-day mean(a)

≤ 263

mg/L

Daily maximum
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NTU(c)

(a) 30-day average of at least three consecutive grab or composite samples taken in separate weeks.
(b) At least 3 observations and 10% of observations must be in violation of criterion for waterbody to be considered impaired.
(c) Nephelometric Turbidity Units.

Special
Conditions

Individual
observation(b)

State Rules
Section
74:51:01:48

74:51:01:49

7050.0222
Subp. 4

4.0 SUPPLY AND DEMAND

4.1 METHODS
To better understand the sources of bacteria and sediment and predict regional loadings
within the Big Sioux River watershed, a mechanistic watershed model was developed using the
Hydrologic Simulation Program-Fortran (HSPF). A watershed model is essentially a series of
algorithms applied to watershed characteristics and meteorological data to simulate naturally
occurring, land-based processes over an extended period of time; in this case, hydrology,
bacteria loading, and sediment loading were simulated. The Central Big Sioux River Watershed
HSPF model application was developed and calibrated based on historical data (meteorological
time series, streamflow, land use, and water quality) gathered from agencies, including the
U.S. Geological Survey (USGS), East Dakota Water Development District (EDWDD), South
Dakota Department of Environment and Natural Resources (SD DENR), the city of Sioux Falls,
and High Plains Regional Climate Center (HPRCC). The model was then used as a tool to
simulate and predict impacts on water quality throughout the system as described below.

4.1.1 Central Big Sioux River Watershed HSPF Model Background
The CBSRW HSPF model application was originally developed in 2010 as part of the Sioux
Falls TMDL project for the reaches of the Big Sioux River designated 8 through 12 by the SD
DENR. The Sioux Falls TMDL analyses pointed out the importance of understanding and
quantifying the nonpoint sources of bacteria and sediment originating from upstream
agricultural drainages. Hence, for the CBSRW Water Quality Master Plan, the original model
was expanded in 2012 upstream along the Big Sioux River to a point near Estelline, South
Dakota, and upstream to include the Skunk Creek Watershed. The identification of waterquality trading in the CBSRW Master Plan as an option to help achieve compliance led to the
current assessment and a second expansion of the CBSRW HSPF model application to encompass
all tributaries to the South Dakota portion of the Big Sioux River, including tributaries to the
Big Sioux River originating in the state of Minnesota (Figure 4-1).
A simulation time period of October 1, 2005 through September 30, 2009, was selected for the
original model and the first expansion. This period spans an adequate balance of wet and dry
climatic periods, which is preferred when calibrating a hydrologic model in a region with
variable meteorological and soil moisture conditions. It also reflects a representative land use in
and around the city of Sioux Falls, which has changed significantly in the last 10 years. The
second model expansion also included a temporal extension to conform with the Minnesota
Pollution Control Agency's statewide modeling standards. For the purpose of this document, the
model discussion will focus on HSPF functionality, simulation of bacteria, simulation of sediment,
and the application of model predictions to WQCT program objectives. A detailed description of
model set-up, calibration, and validation can be found in the report, Sioux Falls Total Maximum
Daily Load Model Application, Development, Calibration, and Validation [Lambert et al., 2012].
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Figure 4-1. Central Big Sioux River Watershed HSPF Model Application Original Domain and
2012 and 2013 Expansions.
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4.1.2 HSPF Functionality
The HSPF watershed modeling system is a comprehensive package for simulating watershed
hydrology and water quality for both conventional and toxic organic pollutants. HSPF is capable
of simulating the hydrologic and associated water-quality processes on pervious and impervious
land surfaces, in streams, and in well-mixed impoundments. HSPF incorporates the watershedscale Agricultural Runoff Management (ARM) and nonpoint-source models into a basin-scale
analysis framework that includes fate and transport in one-dimensional stream channels. It is
the only comprehensive model of watershed hydrology and water quality that allows the
integrated simulation of land and soil contaminant runoff processes with in-stream hydraulic
and sediment/chemical interactions. The result of this coupled simulation is a continuous record
of the runoff flow rate and sediment, nutrient, and other water-quality constituent
concentrations at any point in a watershed [Bicknell et al., 2001].
HSPF is generally used to assess the effects of land-use change, reservoir operations, pointsource or nonpoint-source treatment alternatives, and flow diversions. The model contains
hundreds of process algorithms developed from theory, laboratory experiments, and empirical
relations from instrumented watersheds. The model simulates processes such as
evapotranspiration; interception of precipitation; snow accumulation and melt; surface runoff;
interflow; base flow; soil moisture storage; groundwater recharge; nutrient speciation; BOD;
heat transfer; sediment (sand, silt, and clay) detachment and transport; sediment routing by
particle size; channel and reservoir routing; algae growth and die-off; bacterial die-off and
decay; and build-up, wash-off, routing, and first-order decay of water-quality constituents.
Continuous rainfall and other meteorological records are input at an hourly time-step into the
model algorithms to compute streamflow, pollutant concentrations, and loading time series
[Bicknell et al., 2001]. Hydrographs and pollutographs can then be created, and frequency and
duration analyses can be performed for any output time series.

4.1.3 E. coli Representation and Assumptions
Considering the distributions and activities of human, pet, livestock, and wildlife populations
within the watershed are vital to understanding bacteria delivery to the Big Sioux River. 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 is a spreadsheet inventory tool that estimates the bacteria contribution from multiple
sources based on input, such as wildlife and livestock numbers as well as septic systems. BSLC
required inputs of livestock, wildlife, human, and pet population distributions. Considerable
effort was undertaken to determine these distributions.
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 locations, species, and estimated populations were gathered by CBSRW implementation
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specialists for a majority of the project area during a drive-by survey conducted in 2006. The
remainder of the feedlot locations were identified with aerial imagery. Species of interest
included 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.
It was assumed that 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.
Wildlife counts were based on population data from the 2002 South Dakota Game Report
[Huxoll, 2003]. Reported wildlife species within the watershed include white-tailed 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) preference for each of the species
and, the bacteria loads were applied equally to these land uses.
Human population data for the project area were gathered from the 2010 U.S. Census. For
urban populations, the BSLC assumes that all households within city limits are on a municipal
sewer system, which results in no land or direct stream load from humans in urban areas. To
estimate bacteria loading from pets in urban areas, the BSLC suggests a default of one pet (one
dog or two cats) per household. 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 manually, and their ages were categorized as old, middle-aged, or new
with failure rates of 40 percent, 20 percent, and 3 percent, respectively, based on recommended
BSLC methods. These estimates were updated and verified with a list of updated septic systems
supplied by the SD DENR. The BSLC considers a fraction of the septic systems found within the
riparian zone buffer of a stream (10 percent of the old-aged and 2 percent of the middle-aged
houses) to be straight pipes systems.
Once all contributing population estimates were collected and compiled, the BSLC computed
bacterial generation rates by population source. Output data from the tool were used to define
bacterial generation rates, which were entered into HSPF as either direct or indirect sources.
Direct sources were delivered to the stream as point-source loads, whereas indirect sources were
applied as a concentration to the land surface and simulated in HSPF using a buildup/wash-off
approach. This approach simulates the accumulation of pollutants on the land between
precipitation events and then transports the pollutants to the stream based on precipitation
intensity. Both direct and indirect sources are subject to instream advection and decay.
As part of the calibration process, model parameters representing bacteria generation were
adjusted within reasonable bounds to match the measured data and achieve an acceptable level
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of calibration to support the model objective of allocating sources and, ultimately, evaluate
implementation scenarios. Graphical plots of pollutant concentrations were used to qualitatively
evaluate model performance with parameter adjustments made accordingly.
For the MS4-permitted areas, the model used an event mean concentration (EMC) approach
to simulate pollutant concentrations (for both bacteria and sediment) from rainfall/runoff
processes occurring within the communities of Sioux Falls and Brookings. This method assumes
that the concentration of a given pollutant is consistent throughout the duration of a storm, and
this concentration is applied to the runoff generated in HSPF to determine instream loading. The
EMC for each land use (e.g., residential, commercial, and agricultural) was derived from an
intensive monitoring program that was conducted during 2009 in and around the city of Sioux
Falls. The EMCs were ultimately adjusted to match observed instream concentrations according
to the previously described calibration process.

4.1.4 Sediment Representation and Assumptions
Sediment erosion and delivery and instream sediment transport were represented in the
CBSRW HSPF model application based on parameters associated with land use categories and
stream reach properties. The sediment parameter estimation and calibration was performed
according to guidance from the EPA [2006]. The steps for sediment calibration included
estimating model parameters, adjusting parameters to represent estimated landscape erosion
loading rates and delivery to the stream, adjusting parameters to represent instream transport
and bed behavior, and analyzing sediment budgets for landscape and instream contributions.
Simulations in all parts of the watershed were reviewed to ensure that the model results were
consistent with congruent analyses, field observations, historical reports, and expected behavior
from past experience. This was especially critical for sediment modeling because the behavior of
sediment erosion and transport processes is extremely dynamic [EPA, 2006].
Parameters predicting sediment erosion from the landscape and delivery to the stream were
estimated and compared with results from the Revised Universal Soil Loss Equation (RUSLE).
The RUSLE provides an estimate of the average soil loss in tons per acre based on numerical
factors developed from spatial soil and land-use characterization data, slope, and rainfall and
runoff intensity estimates. A detailed procedure for the RUSLE analysis is described by the
EPA [2006]. A sediment delivery ratio (SDR), based on watershed area and slope, was applied to
the average soil loss, because the RUSLE provides gross, erosional estimates that are greater
than the sediment load that is actually delivered to the stream. The HSPF landscape-loading
rates represent the predicted sediment load delivered to the stream from the landscape. The
annual sediment loads per acre, predicted by the model on a subwatershed scale, were
compared to the RUSLE loading rates adjusted with the SDR by using appropriate
parameterization. Model sediment loading rates were also compared to typical ranges of
expected erosion rates from literature for applicable land-use categories and to surficial geology
and soils maps for information on particle size distribution.
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4.1.5 Model Capabilities
The resulting CBSRW HSPF model application provides simulated outputs of E. coli and
sediment (including sand, silt, and clay fractions) concentrations and loads originating from
each modeled land-use class for each modeled stream segment. Model output concentrations
were used to determine the relative contribution of each area to exceedances of the E. coli
bacteria standard during the recreation season in each of the bacteria-impaired reaches as well
as to the relative contribution of each area to exceedances of the TSS standard in each of the
sediment-impaired reaches. As described in the master plan, the magnitude of E. coli
exceedances were found to be much greater than sediment exceedances, and it assumed that the
implementation of bacteria reduction efforts will be sufficient to achieve the relatively minor
reductions necessary to meet sediment-related water-quality goals. Therefore, the remainder of
the discussion in this section focuses on model capabilities and limitations as they pertain to E.
coli simulation.
Exceedance and loading contribution analysis methods were developed specifically for the
CSBRW Water-Quality Master Plan to assess the areas that contribute to concentration and
TMDL loading exceedances within an impaired reach. A detailed discussion of these methods is
provided in the master plan. Essentially, the E. coli contribution originating from each modeled
land-use class and its corresponding modeled stream segment was tracked throughout the
system to the TMDL reach in question: in this case, BS-11 (Figure 4-2 and Figure 4-3). A rank
was assigned to each subwatershed area (none, low, medium, and high) based on the relative
contribution to exceedances in water-quality standards (concentration) or TMDL (loading). A
“none” rank indicates that pollutants originating from an area have no impact on the impaired
reach in question, and pollutants from areas designated with a “medium” or “high” rank
contribute significantly to exceedances.
Although the WQCT approach is based on mass loading, leveraging the CBSRW HSPF model’s
ability to predict concentration excursions can add significant value to the overall program.
Load-based analyses, often completed within a TMDL study, identify areas that contribute the
greatest amount of overall load (in pounds of sediment or number of coliform units) to a given
reach. Implementing BMPs in the areas that were identified using load-based methods has the
potential to reduce the overall pollutant load, but may do little to reduce the percentage of time
the waterbody exceeds water-quality standards. In contrast, the exceedance contribution
method identifies areas where implementing BMPs would have the greatest impact on the
percent of time a waterbody exceeds water-quality standards, which is the goal of many
implementation projects.
Comparing priority areas identified from the different analyses illustrates how a targeted
implementation approach that includes trading can advance water quality. Figure 4-2 and
Figure 4-3 depict how different priority areas are identified using each method. “High” ranked
exceedance contributions areas tend to be located in agricultural areas outside of the city of
Sioux Falls, whereas areas ranked “high” by the load-based method are predominantly within
21
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Figure 4-2. Areas Ranked Using an Exceedance Contribution Analysis Method for Bacteria in
BS-11.
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Figure 4-3. Areas Ranked Using a Load-Based Analysis Method for Bacteria in BS-11.
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city limits. This result is from the fact that the majority of the city of Sioux Falls stormwater
system contributes a large load during rainfall-runoff events, but, since it typically only flows
during these relatively infrequent events, it has a smaller effect on daily concentrations within
BS-11. Applications of these analyses to WQCT are explored further in Section 4.2.
The CSBRW HSPF model application was also used to perform a persistence analysis. Because
the model tracks concentrations and loads originating from each land segment, it can be used to
assess the fate of each load at any chosen downstream reach. In the persistence analysis, model
predictions of constituent concentrations and stormwater runoff were generated for each
modeled land segment, tracked through each downstream reach, and stored for each timestep in
a “persistence cube.” Applications of the persistence cube to the WQCT and supporting analyses
are explored further in Section 4.2.

4.1.6 Model Limitations
This modeling technique is widely accepted and improves the watershed understanding
substantially when compared to assessments without a watershed model. However, while
models are useful tools, they can ultimately only provide approximations of complicated
processes. It is understood that, realistically, the length of time that E. coli will persist in a
reach or the rate at which it is transported downstream varies based on many site-specific
factors. Modeling of any kind simplifies these characteristics. Some of these factors, such as
water depth and velocity, are accounted for in the HSPF application. However, information
necessary for modeling individual processes, such as the interaction between E. coli and algae
or between E. coli and streambed sediment, is not available, nor are E. coli interactions with
turbidity concentrations regarding protection from ultraviolet radiation accounted for.
Therefore, the HSPF estimates of E. coli concentrations are better for large watershed-scale
applications rather than for smaller subwatersheds. The watershed-scale modeling results
provide an adequate count of E. coli. However, given the limitations in the current level of
monitoring data, there is an expected level of variability unaccounted for in and between the
subwatersheds established by the model setup.

4.2 RESULTS
The HSPF model application was used to answer the following questions:
• Which reach optimizes the WQCT program benefits?
• How does persistence affect supply and demand?
• How does the pollutant ratio of supply and demand change under different flow regimes?
• How does the pollutant ratio of supply and demand change seasonally?
Even though the model cannot provide complete answers to these questions, the model
simulations provide insight into these issues of pollutant supply and demand in the watershed.
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The model results for attenuation also will assist with developing the location factors applied
in the trading program. Location factors are used to discount pollution reductions and account
for instream pollutant attenuation. These factors can be developed using the model results for
the HSPF subbasins that contain the credit-generating site. Location factors will be evaluated in
more detail during later project development stages.

4.2.1 Which Reach Optimizes the Water-Quality Credit Trading Program Benefits?
The reach that optimizes program benefits from a trading program will be used to develop
specific elements of the WQCT program. Trading results can be optimized in part by basing the
program design on the portion of the watershed that meets the following objectives:
• Provides environmental protection associated with reducing pollutant loadings
- Assist city permit compliance obligations by offsetting stormwater loadings to
reaches where exceedances of water-quality standards occur
- Assist citizens of Sioux Falls by reducing the highest number of compliance periods
with exceedances, regardless of the pollutant loading source
• Generates potential nonpoint-source reductions of other pollutants (e.g., BOD, nitrogen,
and phosphorus)
• Creates a WQCT platform that promotes cost-effective projects
• Maintains ease of use and clear communication.
The selected reach will be used to develop program elements such as trade ratios, eligibility
criteria, and identification of high-priority areas for BMP implementation.
The reach selection will have the strongest impact on the eligibility boundary and program
cost effectiveness. The eligibility boundary determines the extent of the trading program area.
Calculation methods will be developed to support viable trades for projects within this
boundary. Program cost effectiveness will be impacted by the location factor, which adjusts for
watershed characteristics that influence the environmental benefits of a credit. The same BMP
implemented at two different locations within the watershed will be impacted differently by the
location factor, even if the locations have similar site conditions. For example, if two projects
with equal load reductions are implemented at different locations, the project that is farther
from the prioritized reach of concern might cost the same to install as a similar project
implemented at a site closer to the reach. However, the water-quality benefits provided to the
reach of concern, as measured by the number of credits generated by the project, will be less for
the site farther from the reach than those generated by the site in close proximity to the reach.
This adjustment is made to account for the natural attenuation processes in the channel itself.
The definition and explanation of a credit, as well as the unit costs for different BMPs, will be
expanded upon in a separate document that assesses the financial attractiveness.
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The environmental protection objective must incorporate several factors. Trading must
provide equal or greater environmental protection compared to traditional treatment
technologies. In addition, situations must be avoided where a trade causes or contributes to a
water-quality standard violation.
Another program component can involve maximizing the ancillary environmental benefits
generated by BMPs in addition to bacteria and/or sediment reductions. These ancillary benefits
could include nonpoint-source loading reductions of other pollutants (e.g., BOD and nutrients
contained in manure runoff) and other in-channel improvements (e.g., lower summer water
temperatures, restored wildlife habitat, and/or dampened flashy hydrographs).
Trading program development should consider how various program characteristics impact
the overall cost effectiveness. These impacts can be caused by the following factors:
• Instream processes that remove/transform pollutants
• Upstream credit generation potential based on watershed and project site characteristics
• Unit costs of BMPs used to generate credits
Another component to consider when selecting the focus reach is how publicly accessible the
program will be. The program structure should be easy for participants to use and easily
understood by the public. For instance, applying trade ratios based on buyer location increases
the program complexity. Participants might have more difficulty applying the credit calculation
method, which may potentially reduce their willingness to participate and introduce the
possibility for human error. In addition, the rationale behind applying different trade ratios
might be difficult for the general public to understand and, thus, impact public acceptance of
the program.
The evaluation used to select the focus reach considered the four previously described
program objectives as well as the EPA’s trading policy. The EPA’s 2003 Final Water Quality
Trading Policy [EPA, 2003] states:
All water quality trading should occur within a watershed or a defined area for
which a TMDL has been approved. Establishing defined trading areas that coincide
with a watershed or TMDL boundary results in trades that affect the same water
body or stream segment and helps ensure that water quality standards are
maintained or achieved throughout the trading area and contiguous waters.
The evaluated watershed has an EPA-approved TMDL study [McCutcheon et al., 2012] and,
therefore, fits with EPA policy. Developing a WQCT program that supports the TMDL findings
will become a main tenet of the trading framework design.
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The reach selection analysis also considered the HSPF model results used in the TMDL
development combined with principles of watershed management. This model enhances the
understanding of pollutant attenuation processes in the watershed. The model results regarding
instream attenuation assisted with the selection of the potential focus reach. The results were
used to evaluate which reach provided a conservative estimate and reflected conditions that
were representative of the watershed.
The model reaches are numbered differently than the AUIDs assigned by the SD DENR. The
model reaches used in this evaluation had the following correlations with the AUIDs:
• Model reach 150 is at the mouth of Upper BS-10 (for this evaluation, BS-10 was split into
Upper BS-10 and Lower BS-10; the dividing point is where Skunk Creek flows into BS10)
• Model reach 167 is at the mouth of Skunk Creek (SD-BS-R-SKUNK_01)
• Model reaches 160 through 310 are local subbasin reaches along Lower BS-10.
Reaches evaluated in the TMDL study included BS-8, BS-10, BS-11, and BS-12 (Figure 4-4).
Determining an appropriate strategy for achieving environmental protection of these reaches is
complicated by the presence of the flow diversion structure. The diversion splits the flow
through three pathways (1) the historic CBSR channel, (2) the diversion channel, and (3) the
city’s drinking water supply treatment system. The majority of the flow is directed down the
diversion channel, which provides flood protection for the city. The drinking water supply
diverted from the CBSR removes water and pollutant loadings associated with that volume
through treatment and distribution for domestic use by the city. Finally, the remaining fraction
flows through the historic CBSR channel (BS-10). Potential WQCT program implications
associated with Skunk Creek water-quality contributions were also assessed.
Key segment breaks to consider when selecting a reach to optimize WQCT program outcomes
are defined by physical features that control or impact the river’s path and pollutant loadings.
This evaluation focuses on the following features (1) the diversion channel, (2) where Skunk
Creek enters the CBSR system, and (3) where the diversion channel reconnects with the historic
channel.
For this evaluation, BS-10 was divided into an upper and lower reach bounded by the
introduction of Skunk Creek. BS-10 was divided into these two segments because the addition
of Skunk Creek increases the flow in BS-10, which influences water quality. Increased flow can
reduce the transport time as pollutants travel downstream. In addition, when stagnant or
pooled water features exist, increased water volumes can flush the system and improve
conditions. Additional flow from Skunk Creek flushes the water through Lower BS-10, which
leads to shorter residence times in Lower BS-10 compared to Upper BS-10.
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Figure 4-4. Central Big Sioux River Segments and Subwatersheds Evaluated for Selection in
Close Proximity to the City of Sioux Falls.
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The Skunk Creek Watershed has the potential to provide many BMP opportunities for
generating credit supply. Reach segments with eligibility boundaries that include the Skunk
Creek Watershed potentially contain more management flexibility when offsetting localized
urban loadings.
Two of the four TMDL reaches were eliminated early on as potential focus reaches. BS-08 is
located upstream of the city; therefore, the water-quality impairments in that reach cannot be
attributed to loading from the city. As such, this reach was eliminated from further
consideration. However, BS-08 would benefit from a WQCT program when credit generating
projects are implemented upstream of the city, in and above BS-08. BS-12, located downstream
of the city, was also eliminated from consideration. Given its downstream location, BS-12 is
impacted by loading from the city as the load is transported through the main channel.
Selecting BS-12 as the focus for WQCT program development would reduce program cost
effectiveness. The number of credits generated by a BMP in a program based on BS-12 would be
reduced compared to a program focused on BS-11 because of channel attenuation processes. In
addition, neither BS-08 nor BS-12 have an independent demand driver, because the city loading
is from subwatersheds contributing to BS-10, BS-11, and the diversion channel. However, any
trades that offset city loading for either BS-10 or BS-11 will also reduce loading in BS-12.
Eliminating BS-08 and BS-12 leaves BS-10 and BS-11 as potential options for focus reaches
that can be used to optimize WQCT benefits. Environmental protection and ancillary benefits
were identified as the highest-priority objectives when evaluating these reaches. The HSPF
model simulations were used to evaluate whether BS-10 or BS-11 would be the best fit as a
focus reach. The model simulations were used to compare city pollutant loadings with noncity
pollutant loadings. Using HSPF simulations to assess this separation allows the generation of
load estimates from each subbasin by examining the following model output types for the
cumulative contributing area upstream:
1. Total combined land-use load generated in Subbasin i (where i is the subbasin
identifying number)
2. Individual land-use χ loadings generated within Subbasin i (where χ is the specified land
use and i is the specified subbasin)
3. Total load from Subbasin i persisting and impacting Subbasin ii (where subbasin ii is a
specified downstream subbasin)
4. Individual land-use loadings χ for subbasin i persisting and impacting subbasin ii.
The first analysis evaluated Upper BS-10 (Figure 4-4). This reach received the smallest
fraction of flow from BS-08 after passing through the diversion structure.
During the 2006 recreational season, the rise and fall of the Upper BS-10 hydrograph in
response to precipitation events is relatively quick (Figure 4-5). However, storm event
concentrations of E. coli persist well past the hydrograph. This is likely from the inability of the
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Figure 4-5. Upper BS-10 E. coli Concentrations for the 2006 Recreational Season.

flows to flush the pollutants downstream. In contrast, the 2009 recreational season was wetter
than the 2006 season, and the duration of high E. coli concentrations in Upper BS-10 was
shorter in 2009 than in 2006 (Figure 4-6). Compliance with the E. coli standards was achieved
in Upper BS-10 for most of the 2009 recreational season. The 30-day geometric mean standard
was met in 2009 (based on model simulations) compared to 2006 when model simulations
indicated standard exceedances in four of the five months of the recreational season.
Increasing the flow diverted to Upper BS-10 would improve water quality in the reach by
increasing the flushing capacity and reducing the duration of high concentrations. However,
this reach is dominated by Sioux Falls stormwater loading during the event itself. The daily
maximum standard remains a concern across the storm event hydrograph in both 2006 and
2009. Therefore, the benefits provided to this reach through a WQCT program would be limited
when stormwater events occur, especially during low flow periods. If this project concludes that
a WQCT program is viable, urban stormwater retrofits, which would not be part of a trading
program, should be strategically targeted to this upstream reach. The prioritization of this
reach for urban retrofits should consider the extent of the contributing area to this reach in the
city limits and should have as expedient of a rollout schedule as possible. The schedule should
consider limited financial resources, opportunities to reduce costs, such as sequencing
stormwater retrofits with road improvement projects, and other opportunities.
The water quality in Skunk Creek (Figure 4-7) and Lower BS-10 benefits from additional
flow from the rural portions of the Skunk Creek Watershed. Similar to Upper BS-10, the mouth
of Skunk Creek had high E. coli concentrations during and after storm events in 2006
(Figure 4-8). Loading during the hydrograph peak was dominated by city sources, whereas
E. coli loads in the tail after the storm events were dominated by noncity sources.
In 2006 and 2009, the daily maximum E. coli standard was typically exceeded in Skunk
Creek during storm events, and the duration of the standard exceedance resulting from city
loading was limited to the storm period (Figure 4-8 and Figure 4-9). The periods of exceedance
of the 30-day geometric mean standard were driven by noncity loading, and the standard could
be met with reductions from these sources. Implementing credit generating projects in the
upper Skunk Creek and tributaries would benefit the impaired reaches by reducing the noncity
loading and, potentially, the number of days the daily maximum standard is exceeded and by
increasing the compliance with monthly geometric mean periods.
However, not all of the upstream tributaries to Skunk Creek are outside the Sioux Falls city
boundary. An unnamed tributary watershed flows into the northwest corner of Sioux Falls and
exits the city limits before joining the main channel of Skunk Creek (Figure 4-7). This tributary
watershed does not have a substantial land area upstream of city limits. Even though credit
generating projects can be implemented in the contributing area of this tributary, the supply
might be lower than the demand. If a trading program is adopted in the CBSRW,
implementation plans and eligibility criteria should be drafted to prioritize urban stormwater
retrofits in this subwatershed with the previously identified subwatersheds to Upper BS-10.
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Figure 4-6. Upper BS-10 E. coli Concentrations for the 2009 Recreational Season.
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Figure 4-7. Skunk Creek and Subwatershed Areas.
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Figure 4-8. Mouth of Skunk Creek E. coli Concentrations for the 2006 Recreational Season.
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Figure 4-9. Mouth of Skunk Creek E. coli Concentrations for the 2009 Recreational Season.

Whereas the benefits of generating credits in rural areas of the greater Skunk Creek
subwatershed will influence compliance achievement in Lower BS-10 and into BS-11, the
number of daily maximum exceedances triggered by city loading in Lower BS-10 is substantial
(Table 4-1), and full compliance using WQCT within Lower BS-10 is not possible. A similar
situation exists for BS-11 (Table 4-2). However, in reaches with fewer daily maximum standard
exceedances, WQCT can be used to accelerate progress toward attaining standards in the
TMDL implementation period. Figure 4-10 depicts the hydrograph and source loading as
estimated by the HSPF model simulation for BS-11 and graphically illustrates a portion of Table
4-2 events. An interim milestone schedule can be established with an implementation plan that
would provide a strategic approach. The recommended strategic approach is a targeted rollout
of key urban subwatersheds where selected BMPs are implemented while WQCT is
simultaneously used to achieve reductions in lower priority subwatersheds. As the TMDL
interim milestones are accomplished, the ratio of city retrofits to WQCT offsets would change by
increasing the number of retrofits and reducing the number of WQCT offsets used.
Table 4-1.

Summary of the Comparisons Between the Simulated Daily Average
E. coli Concentrations in BS-10 and the Recreational Season Daily
Maximum Standard (A Total of 612 Days Were Simulated in HSPF)
Cumulative
Percent of
Length Along
Lower BS-10

Days with CityDominated Exceedances

Upper BS-10

—

Skunk Creek

Reach

Average Source
Distribution of CityDominated Exceedances
(%)
City

Noncity

207

93

7

—

33

83

17

Lower BS-10: 160

4

56

79

21

Lower BS-10: 180

16

73

79

21

Lower BS-10: 220

56

85

81

19

Lower BS-10: 250

68

94

81

19

Lower BS-10: 280

85

92

82

18

Lower BS-10: 310

100

90

82

18

For this approach, BS-11 would be selected for WQCT program development to provide
optimal WQCT benefits. The environmental protection would address WQCT program activities
that would not cause or contribute to water-quality standard violations during the
implementation plan period of the TMDL and related NPDES permit requirements. In addition,
BS-11 would result in a higher location discount factor used in the trade ratio, which provides a
conservative measure for protecting other reaches. The use of this type of conservative location
factor will not come at an unreasonable additional cost. The findings of the persistence
evaluation (Section 4.2.2) indicate that the additional cost of a location factor for BS-11 being
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applied to BS-10 is minimal. The average persistence of E. coli from HSPF Subbasin 870 to the
end of BS-10 and to the end of BS-11 is approximately 60 percent.
Table 4-2.

Summary of the Comparisons Between the Simulated Daily Average
E. coli Concentrations in BS-11 and the Recreational Season Daily
Maximum Standard

Reach

Cumulative
Percent of Length
Along BS-11

Days With CityDominated Exceedances

Average Source
Distribution of CityDominated Exceedances
(%)
City

Noncity

BS-10

—

90

82

18

Diversion

—

20

76

24

BS-11: 340

8

39

80

20

BS-11: 350

32

41

79

21

BS-11: 360

41

43

79

21

BS-11: 370

51

46

77

23

BS-11: 380

69

52

75

25

BS-11: 390

100

52

73
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4.2.2 How Does Persistence Affect Supply and Demand?
Pollutant fate and transport in the CBSRW were assessed to determine how these processes
would impact a potential trading program. Natural attenuation processes in the channel will
affect the potential credit supply for Sioux Falls. HSPF model simulations were evaluated to
estimate how the location of bacteria load reductions affects overall water-quality
improvements. Specifically, the model results were used to determine at what distance livestock
pathogen loading reductions would improve water quality in BS-10 and BS-11.
Pathogens are living organisms that typically require a host to survive and multiply. Once
removed from the host, most pathogens can only survive for a relatively short period of time.
However, some evidence of bacteria propagation outside of the host has been observed. E. coli
O157:H7, a highly virulent pathogenic strain of E. coli, was found to multiply in feedlot
environments, such as pens and troughs [Ayscue et al., 2008], and evidence has been found of
naturalized E. coli strains in agricultural ditches in Minnesota [Sadowsky et al., 2010]. These
observations conflict with most watershed model designs that assume the bacteria life cycle
does not include propagation outside a host. The HSPF model applies a first-order decay rate at
the subbasin scale, which, for credit generation purposes, can be considered a conservative
attribute. At the larger watershed scale, the model is calibrated to available data and the issue
of pathogen propagation outside a host introduces less uncertainty at this scale.
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Figure 4-10. BS-11 E. coli Concentrations for the 2009 Recreational Season.
The HSPF model is able to track both the E. coli decay rate and hydrology to provide insight
on fate and transport dynamics. The decay rate represents bacteria die-off and associated
population decline. Combining this decay rate with the channel flow dynamics can be used to
estimate pollutant fate and transport processes. Hydrology also plays an important role when
assessing pollutant transport. High flows generated in weather events typically correlate with
greater runoff that has the potential to wash off larger amounts of pollutants, including
bacteria, from land surfaces. This larger load also is transported further downstream because
the velocities in the river are higher. The bacteria decay rate remains relatively constant, but
the higher velocities mean more downstream reaches will receive a portion of the bacteria load.
A complete understanding of fate and transport is not necessary, and conservative
assumptions can be used. However, the use of a watershed model to inform trading program
design does reduce uncertainty and provides more assurance that the program will protect the
environment. There is less need to apply high margins of safety. The model simulations can be
used to estimate the load delivered to key downstream river reaches and assess the spatial and
temporal variability. This information can then be used to assign the location factors that will
be developed in a future phase of this project when the framework is completed.
The current suitability assessment includes determining whether or not the pollutants are
sufficiently persistent for trading within a defined eligibility boundary to achieve equal or
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greater reductions compared to conventional pollutant reduction methods. TSS consist of mainly
mineral components and, therefore, are highly stable. Bacteria however, quickly die off after
leaving the host.
A preliminary evaluation of downstream loading was used to test the persistence of bacteria
to evaluate its suitability for trading. The evaluation revealed that some CBSRW
subwatersheds deliver loading to the city of Sioux Falls but other subwatersheds do not. Three
HSPF subbasins were selected to evaluate 4 years of recreational season bacteria discharges and
downstream fate (Figure 4-11).
The first subbasin evaluated, HSPF Subbasin 10, is at the head of BS-08. This subbasin was
selected to represent loading reductions associated with nearby credit-generating projects along
the CBSR north of Sioux Falls. Runoff from this basin is split at the diversion structure, and
sends part of the loading into the diversion channel and a smaller portion downstream via the
historic CBSR channel.
The second subbasin evaluated, HSPF Subbasin 552, is at the mouth of Peg Munky Creek.
This subbasin was part of a bacteria TMDL study and is located near the northern edges of the
CBSRW project area. This subbasin was selected because it represents an impaired reach that
is further away from Sioux Falls, yet might benefit from WQCT credit generating activities.
The third subbasin evaluated is HSPF Subbasin 870, which is a contributing subwatershed
dominated by rural land uses located just west of the city limits in Skunk Creek. Table 4-3
presents the results of the HSPF model estimates for the subbasin loading, as well as the fate of
the subbasin loading as it travels downstream to the end of BS-11.
Table 4-4 highlights the same 4-year recreational season average evaluation results for
BS-10. Noteworthy results include the substantial loading reductions from the northern
watershed loadings that occur as a result of the diversion channel. The current flow diversion
program does not provide a substantial load into BS-10 from upstream of the splitting structure.
The analysis indicated that the E. coli bacteria pollutant parameter is sufficiently persistent
to support a trading program. However, the evaluation also illustrated that not all subbasins
located within the CBSRW should be allowed to generate credits for purchase by Sioux Falls.
Furthermore, a high location factor will need to be developed for all subwatersheds, including
subwatersheds relatively close to the city.
A location factor could be constructed using the 4-year recreational season cumulative
average results. As an example, a location factor for credits generated in the HSPF Subbasin 870
is completed based on BS-11, the selected focus reach for trading program development. HSPF
model simulations indicated that 60 percent of the loading discharged by Subbasin 870 impacts
BS-11. The location factor could be determined by rounding model results to one significant
digit.
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Figure 4-11. Subwatersheds Selected for Persistence Evaluation.
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Table 4-3. HSPF Fate and Transport Results for Recreational Season Pollutant
Loading Estimates for Three Subwatersheds of BS-11

Common
Name

E. coli
Discharged
During the
2006–2009
Recreational
Seasons
(org × 106)

Downstream
Loading of
E. coli at BS-11
During the
2006–2009
Recreational
Seasons
(org × 106)

Average of
the 4-year
Persistence
(%)

Subbasin 10

Head of BS-08

5.5 × 107

1.9 × 107

35.0

Subbasin 552

Peg Munky
Creek

1.5 × 107

4.6 × 104

0.31

Subbasin 870

Skunk Creek
(just west of
Sioux Falls)

4.5 × 106

2.7 × 106

60.0

HSPF

Subbasin

Table 4-4. HSPF Fate and Transport Results For Recreational Season Pollutant
Loading Estimates For Three Watersheds Upstream of BS-10
E. coli
Discharged
During the
2006–2009
Recreational
Seasons
(org x 106)

Downstream
Loading of
E. coli at BS-10
During the
2006–2009
Recreational
Seasons
(org x 106)

Average of
the 4-year
Persistence
(%)

Subbasin

Common
Name

Subbasin 10

Head of BS-8

5.5 × 107

5.4 × 105

0.98

Subbasin 552

Peg Munky
Creek

1.5 × 107

1.1 × 103

0.0073

Subbasin 870

Skunk Creek
(just west of
Sioux Falls)

4.5 × 106

2.7 × 106

HSPF

60.0

4.2.3 How Does the Pollutant Ratio of Supply and Demand Change Under Different Flow
Regimes?
The supply and demand of E. coli loading for BS-11 were evaluated to determine if the ratio
of supply to demand changes under different flow regimes. E. coli supply for BS-11 was
estimated as the sum of the agricultural loads that originate outside of the city limits and that
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persist to BS-11. Even though there are agricultural loads that originate within the city, these
loads cannot be used for trading and are not considered supply. Supply was evaluated at two
levels. The first assumed that the entire noncity agricultural load is available for supply, and
the second level assumed a 20 percent participation rate. The demand was estimated as the
load reductions needed to meet loading goals. The flow interval percent reductions identified in
the BS-11 E. coli TMDL were applied to daily simulated loads generated within the city
boundary that persist to BS-11. Trade ratios were considered because they will affect the
demand. Trade ratios of 2:1 to 4:1 were considered for E. coli.
Average daily loads of supply and demand to meet the daily maximum standard were
evaluated by flow interval. On average, there is enough supply to meet the demand during all
flow intervals (Figure 4-12). There is more supply relative to demand in the lower flow
intervals. During high flow intervals, the rate of loading from potential suppliers and the buyer
is higher than during low intervals. However, the urban loading (buyer demand) increases at a
higher rate than the nonurban loadings, which leads to higher supply to demand ratios in the
lower flow intervals.
RSI-2214-13-014
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Agricultural supply (L)
Supply / demand (R)
20% supply / demand (R)
--- Supply = demand

2.2E7
2E7
1.8E7
1.6E7

300
250

1.4E7

200

1.2E7
1E7

150

8E6

Supply / demand

E. coli supply or demand, mean +/- SE (10^6 org/day)

2.4E7

100

6E6
4E6

50

2E6
0

0
High

Moist

Mid-range

Dry

Low

Flow interval

Figure 4-12. BS-11 Daily Average E. coli Supply and Demand to Meet Daily Maximum
Criterion, by Flow Interval.
In the high and moist intervals, there is just enough supply to meet the demand; the ratio of
supply to demand in these intervals is 1.1. With a 20 percent participation rate, the average
daily ratio of supply to demand ranges from 0.29 to 37 with the highest supply to demand ratio
in the dry flow interval and the lowest in the high and moist flow regimes (Figure 4-12). When
trade ratios are considered, the supply to demand ratio drops further (Table 4-5).
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Table 4-5. BS-11 Daily Average E. coli Supply and Demand to Meet Daily Maximum
Criterion, by Flow Interval
20%
Supply/
Demand

2:1 Trade Ratio,
20% Supply:
Supply/Demand

0.29

0.11

0.056

3.7

0.11

0.057

14

0.17

0.087

190

37

0.16

0.079

160

32

0.22

0.11

Flow
Interval

MS4
Demand

Agricultural
Supply

High

1.7 × 107

1.9 × 107

Moist

3.9 × 106

4.4 × 106

18

Midrange

1.2 × 106

2.1 × 106

68

105

105

7.9 × 104

Dry

1.1 ×

Low

3.7 × 104

1.7 ×

Supply/
Demand
1.5

4:1 Trade Ratio,
20% Supply:
Supply/Demand

The supply and demand of TSS loading for BS-11 were also evaluated to determine if the
ratio of supply to demand changes under different flow regimes. Trade ratios of 2:1 to 3:1 were
considered for TSS. The maximum trade ratio that was considered is lower for TSS than for
E. coli, because TSS is more persistent, its impact on human and aquatic life is more equivalent
among sources, and the parameter is better understood. Load reductions to meet the daily
maximum standard are only required in the high flow interval; therefore, there is only demand
during high flows. During high flows, there is enough supply to meet the demand, even when a
20 percent participation rate is assumed (Figure 4-13). When trade ratios are considered, the
supply to demand ratio drops to below 1 (Table 4-6).
Attenuation factors can vary by flow regime. If flow is the dominant factor controlling
attenuation, pollutants are more persistent under high flows with fewer attenuation losses than
during low flow periods. Pollutant persistence would be lower during low flows due to higher
attenuation rates. Under these circumstances, both the supply and the supply to demand ratio
would be lower during low flows. This decrease would reduce the supply of credits from sites
further away during lower flow regimes. However, other controlling factors exist for E. coli
persistence in the CBSRW, such as water temperature. There is a uniform variability in
persistence across all flow regimes (Figure 4-14). Therefore, the location factors selected for a
trading program, based on using BS-11 as the focus reach for program development, will not be
affected by different attenuation rates at different flows.

4.2.4 How Does the Pollutant Ratio of Supply and Demand Change Seasonally?
Average daily loads of E. coli supply and demand to meet the daily maximum standard were
evaluated by month. On a daily average basis, there is enough supply to meet the demand
during all months (Figure 4-15). The greatest supply relative to demand occurs in August and
the least occurs in May. Flows are typically highest in May, and the low supply to demand
ratios in May are related to the low supply to demand ratios during high flows (Figure 4-12).
With a 20 percent participation rate, the average daily ratio of supply to demand ranges from
0.82 in May to 38 in August (Figure 4-15). When trade ratios are considered, the supply to
demand ratio drops further (Table 4-7).
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Figure 4-13. BS-11 Daily Average Total Suspended Solids Supply and Demand to Meet Daily
Maximum Criterion, by Flow Interval.
Table 4-6.

BS-11 Daily Average Total Suspended Solids Supply and Demand to Meet
Daily Maximum Criterion, by Flow Interval
MS4
Demand

Agricultural
Supply

Supply/
Demand

20%
Supply/
Demand

2:1 Trade Ratio,
20% Supply:
Supply/Demand

4:1 trade ratio,
20% Supply:
Supply/Demand

High

150

1,400

14

2.8

0.96

0.48

Moist

0

300

NA(a)

NA

NA

NA

Midrange

0

88

NA

NA

NA

NA

Dry

0

40

NA

NA

NA

NA

Low

0

9.5

NA

NA

NA

NA

Flow
Interval

(a) NA = not applicable.

Average monthly loads of supply and demand to meet the monthly geometric mean standard
were evaluated. The demand was estimated by applying the weighted average percent reduction
(80 percent) across all flows. On an average monthly basis, there is enough supply to meet the
demand during July, and borderline enough in May, June, and September (Figure 4-16). On
average, there is not enough supply to meet the demand in August. With a 20 percent
participation rate, the only month that, at times, has enough supply to meet the demand is
July. When trade ratios are considered, the supply to demand ratio drops further (Table 4-8).
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Figure 4-14. Skunk Creek HSPF Subbasin 870, Percent of Loading Remaining at End of BS-11
During the 2006 Recreational Season.
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Figure 4-15. BS-11 Daily Average E. coli Supply and Demand to Meet Daily Maximum
Criterion, by Month.
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Table 4-7.

BS-11 Daily Average E. coli Supply and Demand to Meet Daily Maximum
Criterion, by Month

Month

MS4
Demand

Agricultural
Supply

Supply/
Demand

20%
Supply/
Demand

2:1 Trade Ratio,
20% Supply:
Supply/
Demand

4:1 trade ratio,
20% Supply:
Supply/
Demand

May

4.4 x 106

4.2 x 106

4.1

0.82

0.097

0.048

June

6.7 x 106

6.9 x 106

26

5.2

0.10

0.052

July

1.0 x 106

5.6 x 106

70

14

0.56

0.28

August

2.7 x 106

1.4 x 106

189

38

0.053

0.027

September

9.9 x 105

2.7 x 105

60

12

0.027

0.013

4E8

22
MS4 demand (L)
20
Agricultural supply (L)
Supply / demand (R)
18
20% supply / demand (R)
16
--- Supply = demand

3.5E8
3E8

14

2.5E8

12
2E8
10
1.5E8

8

1E8

6

Supply / demand

E. coli supply or demand, mean +/- SE (10^6 org/month)
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Figure 4-16. BS-11 Monthly Average E. coli Supply and Demand to Meet Monthly Geometric
Mean Criterion, by Month.
Seasonal patterns in TSS supply and demand were also evaluated. To meet the daily
maximum standard, reductions are needed only in the high flow interval; therefore, demand
only exists from March through June, the months with high flows. During these 4 months, there
is enough supply to meet the demand, even with a 20 percent participation rate (Figure 4-17).
Timing impacts or trends related to season or temperature must be evaluated to inform two
topics. The first topic involves determining how program design will address seasonal trends in
supply. The recreational season spans from May through June of each year. Water-quality
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standard development often includes an evaluation of historic monitoring records to determine
critical seasons and acceptable concentrations. Seasonality concerns are somewhat addressed by
the critical period applied to bacteria criteria for water-quality protection commonly found in
the upper Midwest. The critical period for E. coli water-quality criteria in South Dakota and
Minnesota is similar and covers the warmer spring, summer, and early fall months, although
Minnesota’s criteria has an additional 2 months (Table 3-2).
Table 4-8.

BS-11 Monthly Average E. coli Supply and Demand to Meet Monthly
Geometric Mean Criterion, by Month
2:1 trade ratio,
20% Supply:
Supply/
Demand

4:1 Trade Ratio,
20% Supply:
Supply/
Demand

Agricultural
Supply

May

1.1 x 108

1.3 x 108

1.1

0.22

0.12

0.059

June

1.7 x 108

2.1 x 108

1.1

0.22

0.13

0.063

July

2.7 x 107

1.7 x 108

2.4

0.65

0.32

August

7.2 x 107

4.4 x 107

0.48

0.096

0.062

0.031

September

2.6 x 107

8.0 x 106

0.91

0.18

0.031

0.015

Month

Supply/
Demand

20%
Supply/
Demand

MS4
Demand

12
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Figure 4-17. BS-11 Daily Average Total Suspended Solids Supply and Demand to Meet Daily
Maximum Criterion, by Month.
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The second topic involves providing information on monthly variability within the season
itself. The HSPF model results indicated that bacteria persistence varies widely throughout the
recreational season (Figure 4-14). However, the variability is evenly distributed throughout the
season.
The ability to supply a sufficient amount of credits to meet demand is also of concern. To
provide insight into this issue, the HSPF model simulations were evaluated and used to indicate
supply and demand variability across the season. The recreational season variability for two
rural subbasins was compared to the variability in one urban subbasin. The delivered loading
from rural subbasins of Skunk Creek, HSPF Subbasin 870 and CBSR HSPF Subbasin 10, were
used. The urban subbasin is located at the end of CBSR BS-11, HSPF Subbasin 390. Table 4-9
presents the subbasin percent of cumulative loading during the recreational seasons for 4 years,
2006–2009. The loading variability was slightly higher in the urban watershed compared to the
variability in the two rural watersheds. This is likely from the influence of impervious surfaces
on runoff.
No consistent loading pattern is evident across the 4 years modeled. While events in May
often generated the highest loading, a series of summer precipitation events occasionally
increased the bacterial loading above May loadings, as shown in August of 2007. In general, the
rural subbasin loading response to precipitation events had a similar rise and fall pattern
compared to the urban subbasin. The variability in supply and demand can be managed if the
location of the credit supplier and credit buyer reflects the coverage area of typical storms.
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Table 4-9. Percent of 4-Year Recreational Season Cumulative E. coli Loading
Evaluation Using Model Subbasin Results for Two Rural
Subbasins and One Urban Subbasin
Month

Percent of 4-Year Cumulative Load by Subbasin
Model Subbasin 10

Model Subbasin 870

Model Subbasin 390

May-06

13.5

5.5

9.9

Jun-06

0.1

0.5

0.5

Jul-06

0.9

5.6

0.9

Aug-06

8.4

9.2

14.1

Sep-06

0.5

2.7

3.1

May-07

13.8

5.2

10.3

Jun-07

0.1

1.0

1.1

Jul-07

2.1

4.8

0.0

Aug-07

8.5

10.6

23.8

Sep-07

0.2

1.2

1.3

May-08

14.0

5.8

5.7

Jun-08

0.2

1.3

1.4

Jul-08

5.9

12.2

5.6

Aug-08

7.9

10.9

3.0

Sep-08

0.4

2.4

2.6

May-09

11.4

4.3

2.4

Jun-09

0.1

0.9

1.0

Jul-09

5.9

7.7

9.8

Aug-09

6.1

7.2

2.4

Sep-09

0.2

1.0

1.1
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5.0 FINDINGS

5.1 SUMMARY OF ANALYSIS RESULTS
BS-10 and BS-11, the reaches within Sioux Falls, were considered as options for focus
reaches to optimize WQCT benefits. A trading program focused on the optimal reach will
provide environmental protection associated with reducing pollutant loadings, generate
nonpoint-source reductions of other pollutants, and promote cost-effective projects.
In Upper BS-10 during dry years, E. coli concentrations persist well past the hydrograph
peak of storm events, because the flows are unable to flush pollutants downstream. During wet
years, compliance with the 30-day standard is achieved during most of the recreation season.
However, even with higher flushing in wet years, the daily maximum standard is exceeded
during the storm event and is driven by city loading. In Lower BS-10, flushing was higher
because Skunk Creek added flows, and exceedances of the daily maximum standard were driven
by city loading and limited to the storm period. Exceedances of the 30-day standard were driven
by noncity loading. Similar patterns were observed in BS-11.
BS-11 best optimizes the benefits of a WQCT program. Its watershed includes the majority of
the city of Sioux Falls, and the protection of BS-11 would not cause or contribute to exceedances
of standards in other reaches. Even though full compliance with E. coli standards in BS-10 and
BS-11 using WQCT is not possible, WQCT can be used to accelerate progress toward attaining
standards.
E. coli is sufficiently persistent to support a trading program in the CBSRW. Persistence
estimates from a water-quality credit-generating project to BS-11 would be used to develop
location factors. For example, 55 percent of the E. coli in Skunk Creek just west of the Sioux
Falls city boundary persists to BS-11 during the recreational season.
In BS-11, on average, there is enough supply to meet the (daily maximum) E. coli demand
during all flow intervals. There is more supply relative to demand in the lower flow intervals; in
the high and moist intervals, there is just enough supply to meet the demand on average. If a
20 percent participation rate in the credit-generating agricultural land uses is assumed, there is
not enough supply to meet the demand during high flows.
On average, there is enough supply to meet the (daily maximum) demand during all months.
There is more supply relative to demand in August and the least in May. Assuming a 20 percent
participation rate, there is not enough supply to meet the demand in May. There is enough
supply to meet the 30-day demand during July, and borderline enough in May, June, and
September. On average there is not enough supply to meet the demand in August. With a
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20 percent participation rate, the only month that, at times, has enough supply to meet the
demand is July.

5.2 CRITICAL ISSUES IDENTIFIED
During the pollutant suitability analysis, a set of critical issues associated with
implementing a WQCT program in the CBSRW were identified. These issues do not rule out the
possibility of a trading program being applied to help reduce bacteria loading in the CBSRW.
Approaches for mitigating these hurdles should be considered when developing the trading
framework. The following are the critical issues:
1. Trading alone will not be sufficient to achieve compliance goals. The recommended
trading approach is to establish interim trading options, not using trading as a full
compliance solution. Trading would likely be phased out over time as the city
implements sufficient urban stormwater BMPs.
2. Agricultural and urban sources do not discharge equivalent forms of pathogens.
a. Agricultural livestock runoff does contain pathogens that pose a human health
risk, and, therefore, reductions in agricultural loading will provide water-quality
benefits.
b. Urban stormwater has been documented in national studies to frequently come
in contact with human wastewater and contain pathogens from human sources.
c. Human pathogens have the potential to increase the human health risks
associated with recreational contact.
d. Human sources of pathogens will be the highest priority and trading will not be
an option for these sources.
e. The current level of understanding makes it challenging to establish a robust
equivalence factor for every type of pathogen associated with each source type.
f.

A conservative equivalence factor, supported by justification and appropriate for
the recommended approach, can be established in a future project phase when
the WQCT framework is completed.

3. E. coli bacteria have a limited persistence in CBSR channel.
a. Persistence affects downstream water-quality concentrations more during high
flow regimes, because the pathogens will be transported further during their life
cycle.
4. The diversion structure increases the complexity of establishing trade ratios during low
and moderate flow periods.

51

5. For key reaches, the model simulations indicate that bacteria are not fully flushed out of
the source reach and adjacent downstream reaches during low flow events.
6. The daily maximum E. coli standard is often exceeded in BS-10 and BS-11 when the
HSPF model simulations indicate that the source of loading is substantially dominated by
urban runoff.
7. Upper BS-10 and the unnamed tributary to Skunk Creek pass through the northwest
corner of Sioux Falls and have limited potential for offsetting local stormwater loading
with agricultural-generated credits.
8. Upper BS-10 low flow has extended durations of exceedance periods that could be
benefited by adding more flow from the diversion structure during dry-to-moderate
periods.

5.3 CONSIDERATIONS THAT CAN BE USED TO ADDRESS CRITICAL ISSUES
To address the issues discussed in the previous section, the WQCT framework can use
watershed-specific program elements during the early periods of the TMDL implementation
period. Such elements include trade ratios, watershed management policies, and eligibility
criteria. In this way, uncertainty can be managed appropriately while accelerating loading
reductions and the achievement of water-quality standards. The program framework can fully
address the issue concerning limited pollutant persistence. In addition, there is adequate ability
to provide a credit supply for a portion of city stormwater loading that will result in an
accelerated reduction in loading.
An appropriate approach would take into account each source type, timing, and spatial
characteristics. This approach will emphasize implementing critical activities for both urban
and rural sources. Urban pathogen loading would be divided into two categories—human waste
and animal sources. Human waste sources would be a higher priority to be addressed by
traditional stormwater BMPs and preventative measures. The animal sources could be
addressed by traditional measures and/or WQCT. The activities to manage human and animal
sources can be incorporated into an implementation schedule that includes interim measurable
milestones. The following section describes a recommended approach.
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6.0 RECOMMENDED APPROACH
Water-quality monitoring found that E. coli concentrations in the CBSRW exceed the waterquality standard, which indicates a human health threat from pathogen contamination. This
triggered the impaired waters listing and subsequent TMDL development to address the
concerns. The standards can be met, and human health risks can be addressed, by
implementing management practices that minimize pathogen loading to surface waters. For
agricultural sources, management practices can focus on manure control and runoff prevention.
Manure can be managed at three points—in the animal, through manure collection and storage,
and during land application. Specific management practice options will be discussed in greater
detail within the context of the CBSRW.

6.1 FRAMEWORK
WQCT is a flexible compliance option that can be used to offset only the NPDES permit
requirements. A WQCT program framework will need to determine the credit unit to be traded
and establish an approach for estimating the credits generated from load reduction activities in
the watershed. The credit unit should match the measurement unit applied in the NPDES
permit. The goal of a trading program is to assist with improving the portion of a watershed
that is assigned to the NPDES permit (plus a retirement factor, if desired); a trading program is
not intended to clean up the entire watershed. Credit estimation approaches can be adapted
from methods applied in existing trading programs. Estimating bacteria reduction credits will
be more difficult given that no existing trading programs in the U.S. currently incorporate
bacteria.
The trading framework will also include trade ratio provisions to ensure that WQCT
achieves equal or greater pollution reductions compared to conventional, technology-based
treatment approaches. EPA policy states that trading should not result in water-quality
standard violation and should enhance overall water quality. Applying trade ratios has been a
common method for making sure the trading program fits with applicable policy objectives and
legal requirements, including the CWA regulations that govern NPDES permit obligations.
Trade ratios are discount factors that are incorporated into credit calculations to help ensure
that the desired program goals are achieved. Larger factors can be applied when there is a
greater perceived risk or uncertainty associated with pollutant discharges from a source type or
at a given location. However, the ratio will also impact the cost effectiveness of trading, and the
implications of the selected trade ratio should be considered. Program development should
evaluate potential options for achieving economic efficiencies while still ensuring that
environmental protection goals are met.
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Trade ratio factors can be used to adjust for uncertainty and the variability of environmental
impacts associated with pollutant discharges at different locations and/or from different
sources. Commonly applied factors consider pollutant delivery, relative location of credit buyer
and seller, equivalence between pollutant forms, uncertainty, credit retirement for the benefit of
the water resource, and other policy goals. The trade ratios can be applied as individual factors
or can be combined into a single value. Additional information regarding trade ratios can be
found in the June 25, 2013, Task 2 memorandum, Central Big Sioux River Watershed WaterQuality Trading Pilot Program, Task 2 Deliverable: Conduct a Basic Literature Search [Plevan
and Oswald, 2013].

6.1.1 Delivery and Location Factors
A delivery and/or location factor is applied to account for spatial differences between a credit
buyer and seller. This helps ensure that equivalent environmental benefits are achieved when
load reductions are generated at different points in the watershed. This trade ratio adjusts for
natural processes, such as sediment deposition, that remove pollutants as they are transported
in surface waters. A delivery and/or location factor reflects the proportion of an upstream
pollutant load that reaches a downstream point of concern.

6.1.2 Equivalency Factor
An equivalency factor is applied to adjust for the different environmental impacts associated
with various forms of the same pollutant. This factor helps ensure the pollutant forms
contributing to the impairment are being addressed. Different pollutant source types typically
discharge different forms of a pollutant. The pollutant form entering surface waters influences
the impact on water quality. An equivalency component in the trade ratio can be incorporated
into the credit calculation to account for differences in pollutant types and relative
environmental impacts. These factors can be determined from literature, watershed data,
and/or modeling.

6.1.3 Uncertainty Factor
Uncertainty factors are applied to introduce a margin of safety and account for information
gaps. This factor addresses introduced uncertainty, potential errors, and an incomplete
understanding of watershed processes. Uncertainty can be introduced through the models used
in program development and the credit calculation process. These models apply various
assumptions when simplifying real-world processes. Such assumptions are necessary but also
contribute to uncertainty in the model results. Additional uncertainty can be introduced into the
credit estimation process if a model is applied outside its intended context and/or the model
used erroneous assumptions. Human error during data collection and other efforts can also
introduce uncertainty.
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6.1.4 Policy Factor
A policy factor addresses additional goals desired by decision makers. Such goals can include
nonwater-quality objectives, including socioeconomic and/or political considerations. Policy
factors could be used to create incentives for specific BMPs that provide ancillary benefits, such
as habitat improvements. A retirement factor is a common policy factor incorporated into a
trading program when program managers want to provide pollutant load reductions beyond the
traditional permit requirements when using trading [EPA, 2009]. Other examples of policy
factors include requiring a backup pool for replacing failed credit-generating BMPs.

6.1.5 Additional Framework Considerations
The trading program framework can also incorporate additional considerations to ensure
that the approach contributes to achieving environmental goals and is protective of human
health. These considerations include establishing appropriate eligibility boundaries and
accelerated baselines. For instance, accelerated baselines can be incorporated into the WQCT
program by increasing the baseline requirements for credit generation over time. This can be
combined with longer-term compliance windows or variance procedures. The framework also
could describe approaches for introducing trading in regions where demand drivers are
uncertain by rewarding early participants.

6.2 PHASED APPROACH
To address the complications associated with trading bacteria, it is recommended that TMDL
compliance activities in the CBSRW incorporate a tiered approach that prioritizes addressing
human health risk. Activities to reduce pathogen load would include both urban retrofit projects
and agriculture credit generation projects. Projects would be evaluated based on human health
risks, expense, and overall improvements in water-quality conditions. Credits would be
generated by less expensive, off-site BMPs while long-term on-site BMPs and technology
controls are phased into the infrastructure planning process. Trading would not be applied to
human sources of pathogens. However, including the trading option for nonhuman sources
would enable accelerated water-quality improvements by providing more cost-effective load
reduction options.
The proposed strategy would involve a three-phased implementation process. In the first
phase, high-priority urban stormwater activities would be implemented to address human
sources of pathogen loading. WQCT would be used to offset a portion of the sediment and
bacteria loads. The second and third phase would involve expanding the extent of urban BMP
coverage, and result in further pollutant loading reductions. However, without addressing the
dominance of stormwater loading during events and the heightened risk to human health from
potential intermingling of wastewater with stormwater, trading is not likely to be an acceptable,
long-term approach for complying with bacteria load reduction requirements. Therefore, the
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proposed strategy would phase out trading credits over time. In this type of strategy, trading
activities over a longer-term would be replaced by on-site urban BMPs and technology controls
that are more difficult to implement.

6.2.1 Phase 1
The first phase would identify and begin to address the increased human health risks
associated with human sources of pathogen contamination. Activities during this phase would
take place as quickly as reasonably possible. Within the MS4 footprint, mapping and discovery
efforts would be conducted to determine the sources and quantity of loading and identify
effective, low-cost options for mitigating this loading. These efforts would include assessing
current BMP coverage and generating feasible timelines for implementing additional BMPs
based on land availability and other urban infrastructure replacement schedules. The city will
continue its efforts to minimize or eliminate human contact with untreated sewage during this
phase. Such projects could involve correcting inflow and infiltration (I&I) and addressing illicit
hookups. Sewage treatment plant (STP) interaction would also be evaluated. Possible STP
reductions in the TMDL reaches might include further reductions resulting from improving
biosolids treatment and handling, upgrading disinfection equipment, investigating and
correcting previously unknown cross-connection problems, and reducing the number and
volume of bypasses from the collection system and/or STP.
Credit generation activities within the watershed during this early phase would involve
implementing BMPs that can generate initial load reductions at lower costs. This provides the
city an opportunity to invest more resources into urban investigations and retrofits.
Agricultural-related load reductions associated with the following unregulated practices could
be eligible to generate credits during the first period: animal feeding operation production lot
controls and nutrient management for manure, including incorporation, setbacks, rates, and
timing. Other controls could be used to generate credits during both the first phase and into the
future.
The WQCT program framework could establish a baseline so that certain types of projects,
like production lot corrections, generate credits during the first phase and become ineligible for
credit generation thereafter. These projects could generate short-term credits for a set period of
time, such as 10 or 20 years, depending on policy goals. The program’s contract terms regarding
credit generation projects can be set up to reflect the variability over time. During later phases,
credits generated from short-term practices would be discontinued and the credit eligibility for
these projects would be retired.

6.2.2 Phase 2
The second phase would build on the activities initiated under the first phase and
incorporate additional BMPs. Activities within the MS4 footprint would include implementing
projects in the local contributing area to Upper BS-10 (the northwest corner of Sioux Falls) as
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well as urban retrofit projects that are moderately expensive. Such projects would require
reasonable funding resources and planning. In addition, stormwater projects could be sequenced
with other activities where upgrading or replacing utility infrastructure is occurring. These
efforts would continue to focus on mitigating human sources of pathogens, identifying available
land, and evaluating efficient allocations of resources.
This phase would emphasize urban structural BMPs and other policies and/or ordinances to
reduce urban pollutant sources. Interim measurable goals could be established. For instance,
urban BMPs implemented during this phase could aim to achieve a prespecified level of total
coverage within the MS4 footprint. BMP installation would be prioritized based on unit cost and
source type treated by the practice. During this phase, ordinances addressing pet waste 1 and
leaves/litter could also be developed and implemented. Such ordinances might be relatively easy
to pass, depending on the sociopolitical situation and public outreach approach. The
effectiveness and ability to enforce these ordinances should be considered when determining the
extent of resources allocated to such efforts.
Activities within the watershed during this middle phase would begin to involve both
agricultural management as well as in-channel restoration efforts. Options for reducing
pollutant loading from agricultural sources could include implementing practices identified in a
comprehensive nutrient management plan, excluding livestock from waterway access, and
installing buffers or filter strips. Other BMPs considered effective and appropriate for CBSRW
water-quality goals could also be incorporated. In-channel restoration efforts could involve
streambank stabilization to control erosion and reduce turbidity. Activities to reduce
eutrophication within streams could also help break down pathogens and reduce their
persistence in the environment.

6.2.3 Phase 3
The third phase would involve implementing the more costly pollutant reduction activities,
such as infrastructure retrofits. Installing these expensive projects in the third phase allows
early efforts to focus on other projects that can be implemented more easily and, thus,
accelerate pollutant load reductions and potentially reduce the number of exceedances earlier.
In addition, scheduling these projects later enables the city to use the latest improvements in
technology and continue to incorporate stormwater retrofits into other city infrastructure
upgrade or replacement schedules. Stormwater retrofits in high-density areas are especially
expensive and it is more cost effective to implement these BMPs as part of infrastructure
replacement or another utility’s general upgrade. These project types could include stormwater
treatment practices in high-density residential, commercial, and industrial areas where space is
limited and land costs are typically high. Low-impact development (LID) projects also could be
incorporated as part of new development and/or redevelopment.

1

A pet waste ordinance is expected to be developed within the next 5 years.
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Agricultural management activities and in-channel restoration efforts would also continue
during this phase. Although the types of projects would be the same as those initiated during
Phase 2, the extent of BMP coverage would be expanded. Riparian corridors could also be
implemented to provide in-channel benefits.
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7.0 CONCLUSIONS
The findings of this evaluation indicate that both TSS and bacteria can be suitable
parameters for trading. TSS is included in other WQCT programs across the U.S. Developing a
trading program for TSS will apply the methods explained in trading guidance documents
issued by the EPA. These methods provide assurance that the established program is suitable
for addressing watershed management goals and NPDES permit requirements associated with
reducing TSS loading. Likewise, the EPA trading guidance will also inform the incorporation of
bacteria into trading activities. However, the guidance documents provide limited discussion on
bacteria trading, and trading programs for bacteria were not identified through the review of
water-quality trading programs completed for this project [Plevan and Oswald, 2013]. The
identified challenges and limitations surrounding bacteria trading will be used to inform the
development of the trading provisions and framework to create an appropriate watershed
management approach and NPDES permit compliance program.
Trading will be limited so that credits can be purchased only to address the portion of urban
stormwater pathogen loading that originates from nonhuman sources. This will provide a
conservative approach regarding the heightened human health risks associated with pathogens
from human wastewater. Urban stormwater prevention and maintenance programs can be
implemented to focus on the pathways where sanitary wastewater potentially enters into the
storm sewer network. In addition, appropriate source reduction BMPs, trading eligibility
requirements, and trade ratios can be developed to successfully address the spatial and
temporal concerns given the limited persistence of pathogens. The costs of implementing urban
stormwater treatment practices are being evaluated in the assessment of financial
attractiveness as part of this project. The pollutant suitability and cost-effectiveness findings
will be used to inform the development of an example WQCT implementation schedule. This
schedule will reflect the acceleration in water-quality protection activities when using WQCT in
a pragmatic and targeted manner (see Section 6).
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