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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

The Maple River extends 125 miles from southwesddare county through the northwest and
central portion of Dickey county in south centrarith Dakota. It provides a recreational and
agricultural water supply as it flows into Southkdta. Figure 1 shows the location of the Maple
River and the Maple River Watershed while Tablerhmmarizes the geographical, hydrological and
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physical characteristics.
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Figure 1. General Location of the Maple River Wateshed in North Dakota.
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Table 1. General Characteristics of the Maple Riveand Maple River Watershed

Legal Name

Stream Classification
Major Drainage Basin
Nearest Municipality

Assessment Unit IDs

County
Eco-Region
Watershed Area
River Miles
Tributaries

Outlets

Type of Waterbody

Maple River

Class Il

Elm River Basin - James River - Missouri River
Edgeley and Ellendale, ND

ND-10160004-002-S_00, ND-10160004-013-S_00, ND-D008-
026-S_00, ND-10160004-015-S_00, and ND-10160004%220
LaMoure and Dickey Counties, ND

Northern Glaciated Plains

286,560 acres

125.31 stream miles

Maple Creek, South Fork of Maple River
Elm River

Natural River

1.1 Clean Water Act Section 303(d) Listing Informaibn

As part of the Clean Water Act Section 303(d) TtMakimum Daily Load (TMDL) listing
process for 2008, the North Dakota Department alltH§NDDoH) has identified five
waterbodies with the Maple River watershed in N@#kota as impaired (Table 2-6). In 2008,
the NDDoH assessed these waterbodies as threaienetlsupporting recreation use based on
total fecal coliform bacteria data (NDDoH, 2008)fdrmation for each of the impaired reaches
is summarized in Tables 2-6. Figure 2 shows gtediwaterbodies, sampling stations, and
corresponding subwatershed boundaries.

Table 2. Section 303(d) TMDL Listing Information for Maple River Waterbody
ND-10160004-002-S_00 (NDDoH, 2008).

Assessment Unit ID
Waterbody Description

Size

Designated Uses Impaired

Use Support
Impairment
TMDL Priority

ND-10160004-002-S_00

Maple River from its confluence with the South FMaple
River downstream to the ND-SD border.
41.07 miles

Recreation

Not Supporting

Fecal Coliform Bacteria
High
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Table 3. Section 303(d) TMDL Listing Information for Maple River Waterbody
ND-10160004-013-S_00 (NDDoH, 2008).

Assessment Unit ID ND-10160004-013-S_00

Waterbody Description Maple River from its confluence with the Maple Gt¢e
its confluence with the South Fork Maple River.

Size 15.79 miles

Designated Uses Impaired | Recreation

Use Support Fully Supporting but Threatened

Impairment Fecal Coliform Bacteria

TMDL Priority High

Table 4. Section 303(d) TMDL Listing Information for Maple River Waterbody
ND-10160004-026-S_00) (NDDoH, 2008).

Assessment Unit ID ND-10160004-026-S_00

Waterbody Description Maple River from Schlect-Thom Dam downstream to its
confluence with Maple Creek.

Size 20.01 miles

Designated Uses Impaired | Recreation

Use Support Fully Supporting but Threatened

Impairment Fecal Coliform Bacteria

TMDL Priority High

Table 5. Section 303(d) TMDL Listing Information for South Fork Maple River Waterbody
ND-10160004-015-S_00 (NDDoH, 2008).
Assessment Unit ID ND-10160004-015-S_00

Waterbody Description South Fork Maple River from its confluence withe@r
tributaries downstream to its confluence with thapié
River downstream.

Size 14.53 miles

Designated Uses Impaired | Recreation

Use Support Not Supporting
Impairment Fecal Coliform Bacteria
TMDL Priority High
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Table 6. Section 303(d) TMDL Listing Information for Maple Creek Waterbody
ND-10160004-022-S_00 (NDDoH, 2008).

Assessment Unit ID
Waterbody Description

Size

Designated Uses Impaired
Use Support

Impairment

TMDL Priority

ND-10160004-022-S_00

Maple Creek downstream to its confluence with trephd
River.
33.91 miles

Recreation

Not Supporting

Fecal Coliform Bacteria
High

Figure 2. Maple River Subwatersheds, Sampling Siteand Section 303(d) Listed
Waterbodies (Note: Tributary streams depicted inolue are not part of the TMDL listed

waterbody.)
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1.2 Topography

The Maple River watershed lies in the Northern @li@d Plains ecoregion and is characterized by
a flat to gently rolling landscape composed of igledrift. The sub-humid climatic conditions

foster a grassland transition between the tallsdrwdtgrass prairie. Though the till soil is very
fertile, agricultural success is subject to anmliatatic fluctuations (USGS, 2006).

Figure 3. Temporary and Seasonal Wetlands on therft Plains.

Wisconsinan glaciers left a subtle undulating tappfy and a thick mantle of glacial till. A greater
proportion of temporary and seasonal wetlandsa@red on the drift plains than in the Coteau
areas, where semi-permanent wetlands are numeédeaause of the productive soil and level
topography, this ecoregion is almost entirely galied, with many wetlands drained or simply
tilled and planted. The prairie grasses have bagely replaced by fields of spring wheat, barley,
sunflowers, and alfalfa. However, valuable watetfbabitat still remains concentrated in state and
federally sponsored waterfowl production areas.

The Maple River watershed is characterized by Kifgntile uplands, primarily used for row crop,
small grain and livestock production. Accordinghe LaMoure and Dickey County Soil Surveys,
the predominate soils in the watershed are fronBtr@es-Svea-Hamerly association and the
Cavour-Barnes association. These soils are formesiapes of 0 to 25 percent. They are deep,
level to hilly, moderately well drained and meditentured. The soils of these associations are
fertile and possess high moisture holding cap&slitThey are typically wind-resistant, but are
moderately susceptible to water erosion. Annuadierorates according to NRCS (T) values, range
from 3-5 tons/acre/year. Elevation in both countasges from about 2,200 feet mean sea level
(msl) in the west to 1,300 feet msl in the east Maple River watershed is part of the Prairie
Pothole Region and the Drift Prairie (USGS, 2006).
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1.3 Land Use/Land Cover

The Maple River watershed stretches across twotmsuim southeastern North Dakota. There
are approximately 103,400 acres in LaMoure county208,000 acres in Dickey County. Sixty-
Six (66) percent of these acres are under actitration. The remaining thirty-four (34)
percent are pasture/rangeland, CRP, hayland, odénsity urban development. There are
approximately 139 animal feeding operations (AFOsated within the Maple River watershed.

In 1999, the Natural Resource Conservation SefNEXCS) conducted a riparian and stream
assessment on the Maple River and contributingralagel. This assessment evaluated 22 sites
along the Maple River. Methods for evaluation imled the Stream Visual Assessment
Protocol”, Technical Note 99-1 (SVAP) and Bureal.ahd Management (BLM)Process for
Assessing Proper Functioning Condition” (PFC).

The results of the NRCS assessment indicatedhiibad¥laple River was in a state of degraded
riparian health caused by erosion and sedimentagiressive grazing, poor nutrient/pesticide
management, and livestock wastes. The NRCS alstified that the area was lacking “on the
ground technical assistance and a watershed catsengt was needed to assist land users in
implementing resource management systems on Hreit”l

1.4 Climate and Precipitation

The climate of the region varies significantly degieg on the season. Climate data from the
period of 1948 through 2006 was obtained from tighHPlains Regional Climate Center
(HPRCC) for the Fullerton, ND monitoring statior2@287) which lies within the watershed.
The average daily temperature is £E5with an average of 7L.E in July and 9.2F in
January. The total annual precipitation is apprataety 20.77 inches. Most of this is received
from April through September (Figure 4).

Figure 4. Average Monthly Precipitation at Fullerton, ND.



Maple River and Tributaries Fecal Coliform BacterdDL Final: September 2009
Page: 7 of 23

1.5 Available Water Quality Data
In 2000, six water quality monitoring stations wesgablished in the Maple River watershed
(Figure 2, Table 7). A total of 629 fecal colifosamples were collected from 2000 through
2006 (Appendix A).

Table 7. Water Quality Sampling Site Information.

Site ID | Site Location Number of Samples
385023 | Maple River near Edgeley 123

385024 | Maple Creek near Edgeley 96

385025 | South Fork of Maple River 127

385026 | Maple River near Fullerton 79

385027 | Maple River near Maple Colony 76
384216 | Maple River near the North Dakota/South Deakorder 128

1.5.1 Fecal Coliform Bacteria

Fecal coliform bacteria samples were collectedhaisix water quality monitoring stations from
March through October (2000 — 2006). In total 628tbria samples were collected and
submitted to the Division of Laboratory Serviceshivi the established holding time to be
analyzed (Appendix A). The least number of samptdlected and analyzed was 76 at the
Maple Creek near Maple Colony station (385027) |evtiie greatest number of samples
collected was 128 at both the North Dakota/SoutkoBastate line site (384216).

1.5.2 Mean Daily Stream Flow

Mean daily flow for the period January 1, 2000 tiglo December 5, 2006 was obtained from
the United States Geological Survey (USGS) gausitegon the Maple River at the ND-SD
border (06471200) (Appendix B). This site is codted with site 384216. Stream discharge
measurements were also collected at sites 38588824, 385025, and 385026 (Appendix C).

2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximumlyphoads (TMDLSs) be developed for waters

on a state's Section 303(d) list. A TMDL is dedires “the sum of the individual wasteload
allocations for point sources and load allocatifmmshonpoint sources and natural background” such
that the capacity of the waterbody to assimilatéupent loadings is not exceeded. The purpose of a
TMDL is to identify the pollutant load reductions @ther actions that should be taken so that
impaired waters will be able to attain water qyaditandards. TMDLs are required to be developed
with seasonal variations and must include a masfjgafety that addresses the uncertainty in the
analysis. Separate TMDLs are required to addrads pollutant or cause of impairment (i.e.,
nutrients, dissolved oxygen).

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set haeravater quality standards that apply to
all surface waters in the state (NDDoH, 2006).
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All waters of the state shall be free from substarattributable to municipal, industrial,
or other discharges or agricultural practices incemtrations or combinations that are toxic
or harmful to humans, animals, plants, or residepiatic biota.

No discharge of pollutants, which alone or in conaliion with other substances, shall:

- Cause a public health hazard or injury to enviromia@leresources;

- Impair existing or reasonable beneficial uses efréteiving water; or

- Directly or indirectly cause concentrations of ptdints to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDa@ld ket a biological goal for all surface waters
in the state. The goal states that “the biologtealdition of surface waters shall be similar to
that of sites or waterbodies determined by the dieant to be regional reference sites”
(NDDoH, 2006).

2.2 Numeric Water Quality Standards

The Maple River is a Class Il stream (NDDoH, 2008% a Class Il stream, “the quality of the
waters in this class shall be suitable for the pgaion and/or protection of resident fish species
and other aquatic biota and for swimming, boatarg] other water recreation. The quality of
the waters shall be for irrigation, stock wateriagg wildlife without injurious effects. After
treatment consisting of coagulation, settlingrdifion, and chlorination, or equivalent treatment
processes, the water quality shall meet the batbgical, physical, and chemical requirements
of the department for municipal or domestic useldifional treatment for municipal use may be
required to meet the drinking water requirementthefDepartment. Streams in this
classification may be intermittent in nature, whiebuld make these waters of limited value for
beneficial uses such as municipal water, fish bfefrigation” (NDDoH, 2006). Numeric
criteria have been developed for Class Il streamn$etal coliform bacteria. Fecal coliform
bacteria standards have been established and@ma s Table 8. The fecal coliform bacteria
standard applies only during the recreation se&som May 1 to September 30.

Table 8. North Dakota Fecal Coliform Bacteria Stadards for Class Il Streams.

Water Quality Standard

Parameter Geometric Mean Maximum?

Fecal Coliform Bacteria 200 CFU/100 mL 400 CFU/m90

! Expressed as a geometric mean of representative sples collected during any consecutive 30-day period

2 No more than 10 percent of samples collected durirgny consecutive 30-day period shall individually>xeed the
standard.

3.0 TMDL TARGETS

A TMDL target is the value that is measured to pitlye success of the TMDL effort. TMDL
targets must be based on state water quality stasdaut can also include site-specific values when
no numeric criteria are specified in the standare following TMDL target for the Maple River is
based on the NDDoH water quality standard for fectiform bacteria.

TMDL targets have been set for the Maple Riverroheo to restore its recreation uses to fully
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supporting status. The measure of achievemenbwithe restoration and maintenance of total fecal
coliform bacteria concentrations below the stateewquality standards.

3.1 Maple River TMDL Targets

The Maple River and its tributaries are eitherswgiporting or fully supporting but threatened
because of total fecal coliform bacteria countseexiing the North Dakota water quality
standard. The North Dakota water quality standiardotal fecal coliform bacteria is a 30-day
geometric mean of 200 CFU/100 mL during the reamaateason which is from May 1 to
September 30. In addition, no more than 10 peraktite samples collected within the 30-day
period may exceed 400 CFU/100 mL. Therefore, t®T target for this report is the fecal
coliform standard expressed as the 30-day geommatan 200 CFUs/100 mL.

4.0 SIGNIFICANT SOURCES
4.1 Point Sources

There is one point source located in the Maple Riegershed. Edgeley, North Dakota
(population 650) utilizes a secondary treatmentesgswhile the towns of Merricourt, Fullerton
and Monango do not have public wastewater treatsystems. Although the city of Ellendale
lies within the Maple River watershed it dischargea tributary that enters the Maple River in
South Dakota. While the cities of Edgeley and Elle do discharge within the Maple River
watershed, their discharges are first to an eph&megeam. Due to the location of the
discharges, no total fecal coliform data are resguyy their North Dakota Pollutant Discharge
Elimination System discharge permits. It is assuintieerefore, that fecal coliform loadings to
the Maple River are negligible from these two psiotrces.

Based on data provided by the NDPDES Program, #reréhree permitted Confined Animal
Feeding Operations (CAFOs) (i.e., facilities petedtfor 1000 animal units or greater) and 15
permited AFOs (i.e., less than 1000 animal unitghe Maple River watershed. They are,
however, zero discharge facilities and are not amkansignificant point source for purposes of
this report.

4.2 Nonpoint Pollution Sources

In 2000, the LaMoure and Dickey Soil Conservatiastiicts (Districts) implemented a
Watershed Assessment Project (Wax, 2001) on thdeVRiper. The assessment included
modeling the land uses and potential impacts usiaghgricultural Non-Point Source Pollution
Model (AGNPS), water quality and quantity monitayiat six sites, and the collection of fish

and macroinvertebrate data for biological assestribe assessment results reflect the stressors
identified in the 1999 ND Unified Watershed Assesamand the NRCS Stream Assessment of
the Maple River. Water quality samples collecteovatd that the Maple River drainage received
and transported high concentrations total fecafaroh bacteria.

Three main conclusions can be drawn from the 208pI&River watershed assessment:
1) The types of land uses, primarily livestock gngzand feeding operations, are a
significant factor influencing the amount and tygeonpoint source pollution being
discharged into the Maple River;

2) The current amounts of nonpoint source pollucmdegrading the recreational integrity
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of the Maple River; and

3) This water quality degradation can be slowedassibly reversed by improving livestock
management strategies and implementing best mamrsgmactices (BMPS) in the
watershed.

Failing septic systems or direct discharge sewgge1s which contribute to fecal coliform
bacteria contamination may also be located withenwatershed. While their specific location
and potential for fecal coliform loading are unknmgwhese systems may be associated with
isolated single-family dwellings and farmsteadsated throughout the watershed or within small
towns located within the watershed that do not leeentralized sewer system (e.g., Merricourt,
Fullerton and Monango).

5.0 TECHNICAL ANALYSIS

In TMDL development, the goal is to define the higle between the water quality target and the
identified source or sources of the pollutant fiis tase total fecal coliform bacteria) to detemnin
the load reduction needed to meet the target. eferchine the cause-and-effect relationship
between the water quality target and the identiedrce, the “load duration curve” methodology
was used. The loading capacity or TMDL is the anta@d pollutant (i.e., total fecal coliform
bacteria) a waterbody can receive and still medtraaintain water quality standards and beneficial
uses. The following technical analysis addredsesdtal fecal coliform load allocation and thedoa
allocation reductions necessary to achieve thernvgaiality standards target of 200 CFU/100 mL
plus a margin of safety.

5.1 Mean Daily Stream Flows

In southcentral North Dakota, rain events are Weiand can be sporadic and heavy or light,
occurring over a short duration or over severakd&yecipitation events of large magnitude,
occurring at a faster rate than absorption, coutibo high runoff events. These events are
represented by runoff in the high flow regime. Thedium flow regime is represented by runoff
that contributes to the stream over a longer domatiThe low flow regime is characteristic of
drought or precipitation events of small duratiow/@r magnitude that do not contribute to
runoff.

Mean daily flows for the period January 1, 200@tlygh December 5, 2006 were used in the
development of the flow duration curve and loadation curve for site 384216 (Maple River at
the ND-SD border). These data were obtained flmrcollocated USGS gauge site (06471200)
(Appendix B). For sites 385023, 385024, 385028, 2865026 the mean daily flow record used
in flow duration curve development and in the depeient of the load duration curve was
synthesized using regression relationships devdlégreeach site. Simple linear regression
relationships were developed for each site usiegribasured flows at each site paired with the
corresponding flow at the USGS site for the same di#sing the daily flow record for the

USGS site as the dependent variable a correspoddihgflow was estimated for each site.

While the regression approach was used to syntheditow record for sites 385023, 385024,
385025, and 385026, the lack of an adequate nuailmeeasured flows prevented this approach
at site 385027. For site 385027, the daily flosore was estimated taking the daily flow for the
USGS site times a correction factor of 97 percdtis correction factor was calculated based
on the average of three discharge measurements étlste 385027 divided by the
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corresponding flow at the USGS site for the same dderefore, daily flow at site 385027 was
estimated as 97 percent of the daily flow at th&SSsite.

5.2 Flow Duration Curve Analysis

The flow duration curve serves as the foundatiaritie load duration curve used in the TMDL.
Flow duration curve analysis looks at the cumutafrequency of historic flow data over a
specified time period. A flow duration curve reaflow (expressed as mean daily discharge) to
the percent of time those mean daily flow valueghaeen met or exceeded. The use of
“percent of time exceede(le., duration) provides a uniform scale rangfrgm 0 to 100

percent, thus accounting for the full range ofatdlows. Low flows are exceeded most of the
time, while flood flows are exceeded infrequenthSEPA, 2007).

A basic flow duration curve runs from high to lo/t 100 percent) along the x-axis with the
corresponding flow value on the y-axis (Figure Bsing this approach, flow duration intervals
are expressed as a percentage, with zero correaggaodhe highest flows in the record (i.e.,
flood conditions) and 100 to the lowest flows ie tiecord (i.e., drought). Therefore, as
depicted in Figure 5, a flow duration interval dfyf (50) percent, associated with a stream flow
of 2.1 cfs, implies that 50 percent of all obserweshn daily discharge values equal or exceed
2.1 cfs.

Once the flow duration curve is developed for tineasn site, flow duration intervals can be
defined which can be used as a general indicatbydrfologic condition (i.e., wet vs dry
conditions and to what degree). These intervalzdoes) provide additional insight about
conditions and patterns associated with the impantr{fecal coliform bacteria in this case)
(USEPA, 2007). As depicted in Figure 5, the flowvation curve was divided into three zones,
one representing high flows (0-10 percent), anditvemoderate flows (10-65 percent), and one
for low flows (65-70 percent). Based on the flowation curve analysis, no flow occurred 30
percent of the time (70-100 percent). These flotervals were defined by examining the range
of flows for the site for the period of record ahén by looking for natural breaks in the flow
record based on the flow duration curve plot (Fegb). A secondary factor in determining the
flow intervals used in the analysis is the numbdeoal coliform observations available for each
flow interval.

Based on the analysis of the flow duration curweettgped for each site, three flow regimes
were defined for sites 384216 and 385023 and taww fegimes were defined for sites 385024,
385025, and 385026. These flow regimes were us#tkidevelopment of the TMDLs for each
site (Appendix D). For purposes of this TMDL thglniflow regime at all five sites were defined
as flows which were exceeded 10 percent or lefisedime. For sites 384216 and 385023,
where three flow regimes were defined, the low flegime was also defined. The low flow
regime at these two sites were defined as flowshvare exceeded 65 percent of the time.
Generally, these are flows which are less thars2 Based on the flow duration curve analysis,
no flow occurred 30 percent of the time at all fartes.



Maple River and Tributaries Fecal Coliform BacterMDL Final: September 20i
Page: 12 of 23

Low
izt Flow > W Mo Flow
\ High Flow IModerate Flow Flow

1000.0

100.0 \

Flow (¢fs)

1.0

\

0.00% 10.00% 20.00% 30.00%5 40.00% 50.00% G0.00% 70.002¢ 30.00% 90.00% 100.00%

Percent of Time Exceeced

Figure 5. Maple River Flow Duration Curve for USGSStation 06471200at the ND-SD Border
(collocated with site 384216).

5.3 Load Duration Curve Analysis

An important factor in determining nonposource pollution loads is variability in streamvit®
and loads associatedth high and moderate to low flow. To better ctate the relationshi
between the pollutant of concern and the hydrolaigyre Section 303(d) listed waterbody
load duration arve was developed for each site representing #ieraody. The load duratic
curve was derived using the 200 CFU/100 mL TMDlgéar(i.e., state water quality standa
the daily flow record obtained or synthesized factesite (see Section 5.1), . observed fecal
coliform data for each site collected from 200Gtlgh 2006 (May -Spetember 30

Observed irstream total fecal coliform bacteria concentratityosn monitoring sits 384216,
385027, 385026, 385025, 3®4, anc385023 were converted pmllutant loads by multiplyin
total fecal coliform bacteria concentrations by dadly flow on the date the sample w
collected and a conversion factor. These loadglateed against the perceof time exceeded
for the flow on the day of sample cection (Figure h Points plotted above the 200 CFU/:
mL TMDL target curve exceed the TMDL target (Fig6). Points plotted below the curve i
meeting the water quality target of 200 CFU/100 |

For each flowinterval or zone (i.e., high, moderé low) and each site, a regression relation:
was developed between the samwhich occurabove the TMDL target (200 CFU/100 m
curve and theorrespondingpercent exceeded flow. The load duration curvesiter 38421¢
depicting the regressiarlaticnship for each flow intervas provided in Figur6. Load
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duration curves for the remaining s are provided in Appendix. EThe regression linfor each
flow intervalwas then used with timidpoint of the percent exceeded fléor that intervato
calculate theexisting total fecal coliform bacteria Ic for that flow interval For example, in the
example provided in Figure 6, the regression retethip between observed fecal colifc
bacteria loading and percent exceeded flow fohtgk flow interval (010 percent) i

Fecal coliform loadéxpressed 10’ CFUs/day) = antilog (5.89 + (-15.7Percent Exceede
Flow))

Where the midpoint of the flow interval from O t0 frercent is 5 percent, the existing fe
coliform load is:

Fecal coliform load (10CFUs/day)= antilog (5.89 + (-15.76*0.05))
= 126,474

The midpoint for the flow interval is also u:to estimate the TMDL target lo. In the case of
the previous example, the TMDL tiet load for the midpoint or 5 percent exceeded fii@nved
from the 200 CFU/100 mL TMDL target curve is 37,682(’ CFUs/day (Figure 6
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Figure 6. Maple River Load Duration Curve for Monitoring Station 384216 at the N[-SD Border.
5.4 Loading Calculations forWaterbody ND-10160004-013-S_00

Developing the TMDL for Section 303(cisted waterbody ND-1016000@t:-S_00 was
complicated by the lack of a monitoring : within the listed segmenExisting loads and TMD!
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loads for this waterbody for each flow regime weherefore, estimated by averaging the
estimated existing loads for each site immediat@lstream (385023, 385024, and 385025) and
downstream (385026). The TMDL target load for elaW regime was then calculated by the
following equation and are provided in Table 9.

TMDL Load = Average Existing Load — (Average ExigfiLoad * Average Percent Reduction)

Table 9. Existing and TMDL Target Load Calculations(10'CFUs/day) for Waterbody
ND-10160004-013-S_00.

Percent Reduction Percent Reduction
Hiah Elow Required to Meet Medium- Required to Meet
Site Fge . Target for High Low Flow TMDL Target for
9 Flow Regime Regime the Medium-Low
Flow Regime
385023 99,791 74.07 % 3,631 42.50 %
385024 24,541 78.37 % 1,103 75.65 %
385025 28,361 82.85 % 1,593 78.51 %
385026 75,673 65.80 % 10,205 80.90 %
Calculated existing
load for ND-10160004- 57,092 4,133
013-S_06
Calculated TMDL Average percent Average percent
target load for ND- 14,119 reductior] 1,265 reductiori
10160004-013-S_G0 75.27 % 69.39 %

! Based on the average existing loads for sites ZB5885024, 385025, and 385026.
2 Based on the average percent reduction of site8288 385024, 385025, and 385026.

3The average percent reductions shown are estirbasesl on available data and reasonable assumptidrare to be used as a
guide for implementation. The actual redutdioeeded to meet the applicable water qualitydstas may be higher or lower
depending on the results of fetnonitoring.

5.5 Loading Sources

In Section 4.0, significant sources of total femaliform loading were defined as non-point
source pollution originating from livestock. Onetb& more important concerns regarding non-
point sources is variability in stream flows. \édie stream flows often cause different source
areas and loading mechanisms to dominate (CleR0@B). As previously described, two to
three flow regimes (i.e., high and moderate-lowjenselected to represent the hydrology of the
TMDL watersheds.

By relating runoff characteristics to each flowireg one can infer which sources are most
likely to contribute to fecal coliform loading. Anals grazing in the riparian area contribute
total fecal coliform bacteria by depositing manwfgere it has an immediate impact on water
guality. Due to the close proximity of manure e stream or by direct deposition in the stream,
riparian grazing impacts water quality at high, medand low flows (Table 10). In contrast,
intensive grazing of livestock in the upland andlindhe riparian area has a high potential to
impact water quality at high flows and medium impatcmoderate flows (Table 10). Exclusion
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of livestock from the ripariaarea eliminates the potential of direct manure di¢gamd therefore
is considered to be of high importance at all flowkwever, intensive grazing in the upland
creates the potential for manure accumulation aadadility for runoff at high flows and a high
potential for total fecal coliform bacteria contawation.

Since there are no significant point sources betieo be impacting fecal coliform bacteria
loading in the watershed, loading sources excedtim¢arget curve in the medium to low flow
regime and those occurring in the high flow regindicate non-point source pollution. Specific
non-point sources of pollution and their potentilatontribute total fecal coliform bacteria loads
under high, medium and low flow regimes in the MaRiver watershed are described in Table

10.
Table 10. Nonpoint Sources of Pollution and Their &ential to Pollute at a Given Flow
Regime
Flow Regime
Non-Point Sources ; .
High Flow Medium Flow Low Flow
Riparian Area Grazing (Livestock) H H H
Animal Feeding Operations H M L
Manure Application to Crop and H M L
Range Land
Intensive Upland Grazing (Livestock) H M L

Note: Potential area to contribute fecal coliforatteria loads under a given flow regime.
(H: High; M: Medium; L: Low)

6.0 MARGIN OF SAFETY AND SEASONALITY

6.1 Margin of Safety

Section 303(d) of the Clean Water Act and the Bi8ironmental Protection Agency’s (EPA)
regulations require that “TMDLs shall be establila¢ levels necessary to attain and maintain
the applicable narrative and numerical water guatandards with seasonal variations and a
margin of safety which takes into account any latknowledge concerning the relationship
between effluent limitations and water quality.hefmargin of safety (MOS) can be either
incorporated into conservative assumptions uselévelop the TMDL (implicit) or added as a
separate component of the TMDL (explicit).

To account for the uncertainty associated with kmeaurces and the load reductions necessary
to reach the water quality target of 200 CFU/10Q m[L0O percent explicit margin of safety was
used for this TMDL. The MOS was calculated as éfzent of the TMDL. In other words 10
percent of the TMDL is set aside from the loadadlmn as a MOS. The 10 percent MOS was
derived by taking the difference between the paamtshe load duration curve using the 200
CFU/100 mL standard and the curve using the 180/CBWmL.

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Act andeaisded regulations require that a TMDL be



Maple River and Tributaries Fecal Coliform BacterdDL Final: September 2009
Page: 16 of 23
established with seasonal variations. The MapleiRTMDL addresses seasonality because the
flow duration curve was developed using seven €&ry of USGS gage data encompassing
twelve months of the year. Additionally, the wageiality standard is seasonally based on the
recreation season from May 1 to September 30 antlate will be designed to reduce coliform
loads during the seasons covered by the standard.

7.0 TMDL
The TMDL can be described by the following equation
TMDL = LC = WLA + LA + MOS, where:

LC = loading capacity, or the greatest loadinvgaderbody can receive without violating water
quality standards;

WLA = wasteload allocation, or the portion of fiIDL allocated to existing or future point
sources;

LA = load allocation, or the portion of the TMRillocated to existing or future nonpoint
sources;

MOS = margin of safety, or an accounting of ungetyaabout the relationship between

pollutant loads and receiving water quality. Thargn of safety can be provided
implicitly through analytical assumptions or exflicby reserving a portion of loading
capacity.

Table 11 provides an outline of the critical eletseor each of the five waterbody specific fecal
coliform bacteria TMDLSs located within the Maplever watershed. Each TMDL was developed
based on each waterbody’s representative site ¢$4dld-18). It should be noted that while
waterbody ND-10160004-002-S_00 is represented taethites (384216, 385027, and 385026), the
TMDL for this waterbody is based solely on the misivnstream site, located at the ND-SD border
(384216) (Table 12). TMDLs for waterbodies ND-10064-015-S_00, ND-10160004-013-S_00,
ND-10160004-022-S_00, and ND-10160004-026-S_00paa®ented in Tables 15, 16, 17, and 18,
respectively. Each TMDL summary provides an esknad the existing daily load, an estimate of
the average daily loads necessary to meet the waégdity target (i.e. TMDL). This load or TMDL
includes a load allocation from known non-pointre@s and a 10 percent margin of safety.

Table 11. TMDL Summary for the Maple River.

Category Description Explanation

Beneficial Use Impaired Recreation Contact Recreation (i.e. swimming, fighi

Pollutant Fecal Coliform Bacteria See Section 2.1

TMDL Target 200 CFU/100 mL Based on North Dakota water quality standards

WLA There are no significant contributing point

sources in the watershed.

LA Nonpoint Source Loads are a result of nonpoint sources (i.e.,

Contributions rangeland, pasture land, etc.)

MOS Explicit 10 percent
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Table 12. Fecal Coliform Bacteria TMDL (10CFUs/day) for Maple River Waterbody

ND-10160004-002-S 00 as Represented by Site 384@IB-SD border).

Flow Regime High Flow Medium Flow Low Flow

Existing Load 126,474 6,779

TMDL 37,682 2,061 No reduction
necessary

WLA 0 0

LA 33,914 206

MOS 3,768 1,855

Table 13. Estimated Existing Loads and Load Allocaon (LA) (10’CFUs/day)

for Fecal Coliform Bacteria at Maple River Site 38927 (near Maple

River Colony).

Flow Regime High Flow Medium-Low Flow
Existing Load 313,564 3,318
LA 36,552 1,804

Table 14. Estimated Existing Loads and Load Allocaon (LA) (10’CFUs/day)
for Fecal Coliform Bacteria at Maple River Site 38926 (near Fullerton).

Flow Regime High Flow Medium-Low Flow
Existing Load 75,672 10,205
LA 25,878 1,949

Table 15. Fecal Coliform Bacteria TMDL (L0CFUs/day) for Maple River Waterbody

ND- 10160004-015-S 00 as Represented by Site 3850@ar Monango).

Flow Regime High Flow Medium-Low Flow
Existing Load 28,361 1,593
TMDL 4,863 342

WLA 0

LA 4,377 308

MOS 486 34
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Table 16. Fecal Coliform Bacteria TMDL (10CFUs/day) Calculated for
Maple River Waterbody ND-10160004-013-S_00.

Flow Regime High Flow Medium-Low Flow
Existing Load 57,092 4,133
TMDL 14,119 1,265
WLA 0 0

LA 12,707 1,139
MOS 1,412 126

Table 17. Fecal Coliform Bacteria TMDL (L0CFUs/day) for Maple Creek Waterbody
ND-10160004-022-S 00 as Represented by Site 3850@ar Edgeley).

Flow Regime High Flow Medium-Low Flow
Existing Load 24,541 1,103
TMDL 5,309 269

WLA 0 0

LA 4,778 242

MOS 531 27

Table 18. Fecal Coliform Bacteria TMDL (L0CFUs/day) for Maple River Waterbody
ND-10160004-026-S 00 as Represented by Site 3850&ar Edgeley).

Flow Regime High Flow Medium Flow Low Flow

Existing Load 99,791 3,631

TMDL 25,878 2,088 No reduction
necessary

WLA 0 0

LA 23,290 1,879

MOS 2,588 209

8.0 ALLOCATION

There are no known point sources impacting the nslégl, therefore, the entire total fecal coliform
load for this TMDL was allocated to nonpoint sowaethe watershed. The entire nonpoint source
load is allocated as a single load because theratisnough detailed source data to allocate the lo
to individual uses (e.g., animal feeding, sept&temns, riparian grazing, upland grazing). To
achieve the TMDL targets identified in the repoiil vequire the wide spread support and voluntary
participation of landowners and residents in thmediate watershed as well as those living
upstream. The TMDLs described in this report aptaa to improve water quality by implementing
best management practices through non-regulatgmoaphes. “Best management practices”
(BMPs) are methods, measures, or practices thatedeemined to be a reasonable and cost effective
means for a land owner to meet non-point sourcelfoah control needs,” (USEPA, 2001). This
TMDL plan is put forth as recommendations for wheéds to be accomplished for the Maple River,
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its tributaries and associated watershed to restolenaintain its recreational uses. Water quality
monitoring should continue, in order to measure B&ffiectiveness and determine through adaptive
management if loading allocation recommendatiorsinie be adjusted.

Non-point source pollution is the sole contributmelevated total fecal coliform bacteria levels in
the Maple River. Three flow regimes (high flows,dinan flows, low flows) have been identified for
the TMDL. Each flow regime has the capacity tawdlpollutant loads from different sources in
the watershed at varying magnitudes. To reduce pd#8tion for each flow regime, specific BMPs
are described in Section 8.1 that will mitigate @iffects of total fecal coliform loading to the
impaired reach.

Controlling non-point sources is an immense un#artarequiring extensive financial and technical
support. Provided that technical/financial assistais available to stakeholders, these BMPs have
the potential to significantly reduce total fecaliform loading to the Maple River. The following

describe in detail those BMPs that will reducelttg#eal coliform bacteria levels in the Maple River

8.1 Livestock Management Recommendations

Livestock management BMPs are designed to proneslhy water quality and riparian areas
through management of livestock and associatedngydéand. Fecal matter from livestock and
erosion from poorly managed grazing land and rgredreas can be a significant source of
loading to surface water. Precipitation, plantempwiumber of animals, and soils are factors that
affect the amount of bacteria delivered to a watdylas a result of livestock. These specific
BMPs are known to reduce NPS pollution from livektoThey are:

Livestock exclusion from riparian area$his practice is established to remove livestookn
grazing riparian areas and watering in the strehivestock exclusion is accomplished through
fencing. A reduction in stream bank erosion caexygected by minimizing or eliminating hoof
trampling. A stable stream bank will support vegien that will hold banks in place and serve a
secondary function as a filter from non-point seunenoff. Added vegetation will create aquatic
habitat and shading for macroinvertebrates and fi3inect deposit of fecal matter into the
stream and stream banks will be eliminated asudtreklivestock exclusion by fencing.

Water well and tank developmenfEencing animals from stream access requiret@mative
water source, installing water wells and tankssfias this need. Installing water tanks provides
a quality water source and keeps animals from wpdid defecating in streams. This will
reduce the probability of pathogenic infection$itestock and the environment.

Prescribed grazingTo increase ground cover and ground stabilitydigiting livestock
throughout multiple fields. Grazing with a speedfirotation minimizes overgrazing and
resulting erosion. The Natural Resources Conserv&8ervice (NRCS) recommends grazing
systems to improve and maintain water quality amahgjty. Duration, intensity, frequency, and
season of grazing can be managed to enhance vegetaver and litter, resulting in reduced
runoff, improved infiltration, increased quantitfyswil water for plant growth, and better manure
distribution and increased rate of decompositioRQ$, 1998).

In a study by Tiedemann et al. (1988), as presdmyddSEPA, (1993), the effects of four
grazing strategies on bacteria levels in thirteatevsheds in Oregon were studied during the
summer of 1984. Results of the study show thatnwivestock are managed at a stocking rate
of 19 acres per animal unit month with water depeients and fencing, bacteria levels were
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reduced significantly.

Waste management systeaste management systems can be effective imatiomg up to 90
percent of the loading originating from confinednaal feeding areas. A waste management
system is made up of various components designeadniool NPS pollution from concentrated
animal feeding operations (CAFOs) and animal fegdjperations (AFOs). Diverting clean
water from the feeding area and containing dirtyewé&rom the feeding area in a pond are
typical practices of a waste management systermukdshandling and application procedures
are also integral to the waste management systdra.application of manure is designed to be
adaptive to environmental, soil, and plant condgito minimize the probability of
contamination of surface water.

8.2 Other Recommendations

Vegetative Filter Strip- Vegetated filter strips are used to reduce theusnriof sediment,
particulate organics, dissolved contaminants, ents, and in the case of this TMDL, fecal
coliform bacteria to streams. The effectivenesfiitef strips and other BMPs in reducing fecal
coliform bacteria can be quite successful. Residta a study by Pennsylvania State University
(1992a) as presented by USEPA (1993), suggestdigatative filter strips are capable of
removing up to 55 percent of fecal coliform ba@dadading to rivers and streams (Table 19).
The ability of the filter strip to reduce contanmmsiis dependent on field slope, filter strip slope
erosion rate, amount and particulate size disiobutf sediment delivered to the filter strip,
density and height of vegetation, and runoff voluaesociated with erosion producing events
(NRCS, 2001).

Table 19. Relative Gross Effectivene8sf Confined Livestock Control Measures (Pennsylvaii
State University, 1992a).

d d p
Practice” RUNOF Total '_I'otal Sediment Fecal Coll_form
Category volume Phosphorus Nitrogen Percent Bacteria
Percent Percent Percent
Animal Waste Systefn - 90 80 60 85
Diversion Systefn - 70 45 NA NA
Filter Stripd - 85 NA 60 55
Terrace System - 85 55 80 NA
Containment StructurBs - 60 65 70 90

NA = Not Available

a Actual effectiveness depends on site-specific dmmh. Values are not cumulative between praditegories.

b Each category includes several specific types atpres.

¢ - = reduction; + = increase; 0 = no change in s@rfainoff.

d Total phosphorus includes total and dissolved phosgs; total nitrogen includes organic-N, ammonijeahd nitrate-N
e Includes methods for collecting, storing, and d&pg of runoff and process-generated wastewater.

f Specific practices include diversion of uncontartédavater from confinement facilities.

g Includes all practices that reduce contaminanel®ssing vegetative control measures.

h Includes such practices as waste storage pondte si@sage structures, and waste treatment lagoons.
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Septic System Septic systems provide an economically feasialg of disposing of household
wastes where other means of waste treatment axailaizle (e.g., public or private treatment
facilities). The basis for most septic system®ines the treatment and distribution of
household wastes through a series of steps inypthia following:

1. A sewer line connecting the house to a septik ta

2. A septic tank that allows solids to settle duthe effluent

3. A distribution system that dispenses the effidera leach field
4. A leaching system that allows the effluent tteethe soil

Septic system failure occurs when one or more corpis of the septic system do not work
properly and untreated waste or wastewater ledneesystem. Wastes may pond in the leach
field and ultimately run off directly into nearbireams or percolate into groundwater.
Untreated septic system waste is a potential safroatrients (nitrogen and phosphorus),
organic matter, suspended solids, and fecal califoacteria. Land application of septic system
sludge, although unlikely, may also be a sourceootamination.

Septic system failure can occur for several regsaittsough the most common reason is
improper maintenance (e.g. age, inadequate pump@t)er reasons for failure include
improper installation, location, and choice of gyst Harmful household chemicals can also
cause failure by killing the bacteria that digést wvaste. While the number of systems that are
not functioning properly is unknown, it is estimétéat 28 percent of the systems in North
Dakota are failing (USEPA, 2002).

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtus TMDL, a hard copy of the TMDL for the five
waterbodies of the Maple River watershed and ae®tgfor comment was mailed to participating
agencies, partners, and to those who request a ddmse who were provided a copy of the
TMDL report either by mail or email included thdléoving:

LaMoure County Soil Conservation District

Dickey County Soil Conservation District

LaMoure County Water Resource Board

Dickey County Water Resource Board

North Dakota Game and Fish Department

South Dakota Department of the Environment and tdhResources
US EPA - Region VIl

USDA-NRCS State Office

In addition to mailing or emailing copies of thiMDL for the listed waterbodies of the Maple
River watershed to interested parties, the TMDL p@sted on the North Dakota Department of
Health, Division of Water Quality web site at:
http://www.health.state.nd.us/\WQ/sw/Z2_TMDL/TMDLsnéker_PublicComment/B_Under_Publi
c_Comment.htm A 30 day public notice soliciting comment andtjggpation was published in the
following newspapers:

The Jamestown Sun;
Dickey County Leader; and
LaMoure Chronicle
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Comments were only received from US EPA Regiontdclvwere provided as part of their normal
public notice review (Appendix F). The NDDoH'’s pesise to these comments are provided in
Appendix G.

10.0 MONITORING STRATEGY

To insure that the best management practices (Blsliitbjechnical assistance that are
implemented as part of the Section 319 Maple RiVatershed Restoration Project are
successful in reducing fecal coliform bacteria iogd to levels prescribed in this TMDL, water
quality monitoring is being conducted in accordawi® an approved Quality Assurance Project
Plan (QAPP) (NDDoH, 2003). As prescribed in theRPAINDDoH, 2003), weekly monitoring

is being conducted at four sites for fecal colifdvacteria and E. coli. In conjunction with the
Section 319 Maple River Watershed Implementati@amP$ampling began in October 2000 and
will continue through June 2010.

11.0 RESTORATION STRATEGY

In response to the Maple River Watershed AssessfWéant, 2001) and in anticipation of this
completed TMDL, local sponsors successfully applagcand received Section 319 funding for
the Maple River Watershed Restoration Project. ifBegg in October 2000, local sponsors have
been providing technical assistance and implemgmMPs designed to reduce fecal bacteria
loadings and to help restore the beneficial useeeoMaple River (i.e., recreation). As the
watershed restoration project progresses, watdityjdata are collected to monitor and track the
effects of BMP implementation as well as to judgerall success of the project in reducing fecal
coliform bacteria loadings. A QAPP (NDDoH, 2003klaso been developed as part of this
watershed restoration project that details the valwen and where monitoring will be conducted
to gather the data needed to document successeitngéhe TMDL implementation goal(s). As
the data are gathered and analyzed, watershedatstotasks will be adapted, if necessary, to
place BMPs where they will have the greatest betefvater quality and in meeting the TMDL
goal(s).

Also, as part of the implementation plan for thiDL, it is recommended that the permitted
point sources (i.e., Edgeley WWTF, 3 CAFOs and F®#8) in the watershed be inspected to
ensure that they are being operated in complianitetieir permit conditions, and to verify that
they aren’t significant fecal coliform sources. r@amtly, the city of Edgeley’s waste water
treatment facility is inspected for compliance evigre years, while all permitted CAFOs (greater
than or equal to 1000 animal units) are inspectedially by the NDDoH. Permitted AFOs
(<1000 animal units) in the Maple River watershezlinspected on an as needed basis.
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Appendix A
Fecal Coliform Bacteria Data Collected
in the Maple River Watershed
(2000-2006)



Maple River near Edgeley (385023)
Concentration Concentration Concentration

Date (CFUs/100mL) Date (CFUs/100mL) Date (CFUs/100mL)
03/06/00 5 06/11/01 250 06/09/05 1600
03/13/00 5 06/13/01 250 06/15/05 200
03/15/00 10 06/18/01 1600 06/22/05 110
03/20/00 20 06/20/01 330 06/29/05 450
03/22/00 10 06/25/01 750 07/06/05 370
03/27/00 10 07/02/01 1600 07/13/05 80
03/29/00 5 07/09/01 240 07/18/05 60
04/03/00 5 07/16/01 190 08/22/05 70
04/05/00 20 07/23/01 60 09/06/05 140
04/10/00 5 07/30/01 30 09/20/05 5
04/12/00 10 08/06/01 60 10/04/05 10
04/19/00 10 04/29/02 20 10/18/05 30
04/26/00 30 05/07/02 20 03/22/06 5
05/01/00 370 05/08/02 70 03/29/06 10
05/08/00 1600 05/16/02 80 04/05/06 10
05/15/00 170 05/28/02 40 04/10/06 10
05/22/00 20 05/30/02 30 04/19/06 140
05/31/00 110 06/03/02 5 04/26/06 10
06/05/00 20 03/15/04 5 05/03/06 130
06/20/00 60 03/23/04 10 05/10/06 70
06/28/00 40 03/30/04 30 05/17/06 240
07/05/00 940 04/06/04 20 05/24/06 150
07/10/00 250 04/13/04 5 05/31/06 470
07/17/00 290 04/20/04 10 06/07/06 290
07/25/00 60 04/27/04 5 06/14/06 120
08/08/00 50 05/04/04 5
10/30/00 80 05/11/04 50
03/19/01 5 05/18/04 50
03/21/01 5 05/25/04 280
03/26/01 5 06/01/04 540
03/28/01 10 06/08/04 200
04/04/01 10 06/15/04 150
04/09/01 140 06/21/04 230
04/11/01 20 06/29/04 830
04/16/01 20 07/06/04 1600
04/18/01 5 07/20/04 90
04/23/01 70 07/27/04 60
04/26/01 60 03/31/05 5
05/01/01 160 04/06/05 5
05/02/01 100 04/13/05 100
05/07/01 140 04/20/05 140
05/09/01 230 04/27/05 210
05/14/01 100 05/02/05 5
05/16/01 130 05/11/05 120
05/21/01 340 05/18/05 110
05/23/01 140 05/25/05 30
05/29/01 170 06/01/05 140
05/30/01 340 06/01/05 10
06/05/01 130 06/06/05 360




Maple Creek near Edgeley (385024)

Concentration Concentration
Date (CFUs/100mL) Date (CFUs/100mL)
03/06/00 5 03/30/04 90
03/13/00 30 04/06/04 5
03/15/00 30 04/13/04 5
03/20/00 20 04/20/04 5
03/22/00 20 04/27/04 5
03/27/00 5 05/04/04 10
03/29/00 5 05/11/04 530
04/03/00 5 05/18/04 10
04/05/00 10 05/25/04 80
04/10/00 5 06/01/04 210
04/12/00 5 06/08/04 40
04/19/00 5 06/15/04 50
04/26/00 190 06/21/04 10
05/01/00 180 06/29/04 50
05/08/00 400 07/06/04 670
05/15/00 60 07/20/04 220
07/05/00 1600 03/31/05 5
07/10/00 120 04/06/05 5
07/17/00 250 04/13/05 5
07/25/00 210 04/20/05 5
10/30/00 1600 04/27/05 10
03/19/01 5 05/02/05 5
03/21/01 5 05/11/05 10
03/26/01 5 05/18/05 10
03/28/01 40 05/25/05 60
04/04/01 10 06/06/05 350
04/09/01 20 06/09/05 150
04/11/01 5 06/15/05 5
04/16/01 60 06/22/05 5
04/18/01 5 06/29/05 150
04/23/01 20 07/06/05 10
04/26/01 70 07/13/05 90
05/01/01 30 07/18/05 80
05/02/01 20 08/22/05 20
05/07/01 1000 09/06/05 140
05/09/01 100 09/20/05 10
05/14/01 20 03/29/06 5
05/16/01 60 04/05/06 5
05/21/01 180 04/10/06 5
05/23/01 120 04/19/06 120
06/11/01 70 04/26/06 10
06/13/01 340 05/03/06 70
06/18/01 160 05/10/06 40
06/20/01 200 05/17/06 20
08/06/01 830 05/24/06 2400
08/09/01 1600 05/31/06 1400
06/25/02 360 06/07/06 2600
03/15/04 10
03/23/04 5




South Fork Maple River (385025)

Concentration

Date (CFUs/100mL)
03/06/00 5
03/13/00 20
03/15/00 10
03/20/00 50
03/22/00 110
03/27/00 10
03/29/00 20
04/03/00 20
04/05/00 10
04/10/00 10
04/12/00 5
04/19/00 10
04/26/00 200
05/01/00 450
05/08/00 920
05/15/00 230
05/22/00 1300
05/31/00 1600
06/05/00 320
06/20/00 1600
06/28/00 1600
07/05/00 1600
07/10/00 820
07/17/00 670
07/25/00 1600
08/08/00 1600
10/30/00 1600
03/19/01 110
03/21/01 10
03/26/01 5
03/28/01 20
04/04/01 30
04/09/01 380
04/11/01 90
04/16/01 10
04/18/01 5
04/23/01 5
04/25/01 30
05/01/01 50
05/02/01 110
05/07/01 650
05/09/01 180
05/14/01 120
05/16/01 260
05/21/01 510
05/23/01 410
05/29/01 990
05/30/01 480

Date
06/05/01
06/07/01
06/07/01
06/11/01
06/13/01
06/18/01
06/20/01
06/25/01
07/02/01
07/16/01
07/23/01
08/09/01
08/13/01
08/15/01
10/24/01
03/13/02
04/29/02
05/07/02
05/08/02
05/16/02
09/04/02
03/15/04
03/23/04
03/30/04
04/06/04
04/13/04
04/20/04
04/27/04
05/04/04
05/11/04
05/18/04
05/25/04
06/01/04
06/08/04
06/15/04
06/21/04
06/29/04
07/06/04
07/20/04
07/27/04
03/31/05
04/06/05
04/13/05
04/20/05
04/27/05
05/02/05
05/11/05
05/18/05

Concentration
(CFUs/100mL)
1600
100
700
1600
1600
930
1600
1600
1600
1600
1600
1600
1600
1600
10
380
60
1600
850
70
1600
10
820
140
40
40
190
730
450
1600
510
430
530
1430
280
1600
1600
1600
200
1600
140

1600
980
1600
30
450
120

Concentration

Date (CFUs/100mL)
05/25/05 610
06/01/05 1600
06/06/05 550
06/09/05 1600
06/15/05 100
06/22/05 80
06/29/05 1600
07/06/05 350
07/13/05 1100
07/18/05 800
08/22/05 430
09/06/05 1600
09/20/05 340
10/04/05 1600
10/18/05 1600
03/22/06 5
03/29/06 390
04/05/06 210
04/10/06 80
04/19/06 190
04/26/06 240
05/03/06 250
05/10/06 250
05/17/06 530
05/24/06 1700
05/31/06 1100
06/07/06 3100
06/14/06 2600
06/21/06 2100
06/28/06 200
07/05/06 590




Maple River near Fullerton (385026)

Concentration Concentration
Date (CFUs/100mL) Date (CFUs/100mL)
03/06/00 5 05/29/01 90
03/13/00 10 05/30/01 90
03/15/00 5 06/05/01 370
03/20/00 90 06/07/01 160
03/22/00 120 06/11/01 180
03/27/00 20 06/13/01 220
03/29/00 5 06/18/01 280
04/03/00 10 06/20/01 1600
04/05/00 20 06/25/01 730
04/10/00 5 07/02/01 1600
04/12/00 10 07/09/01 720
04/19/00 5 07/23/01 1600
04/26/00 30 07/30/01 1600
05/01/00 10 08/09/01 1600
05/08/00 740 08/13/01 380
05/15/00 30 08/15/01 1600
05/22/00 100 08/20/01 470
05/31/00 740 08/27/01 1100
06/05/00 950 09/04/01 220
06/20/00 1600 09/10/01 670
06/28/00 1600 10/24/01 10
07/05/00 1600 04/29/02 10
07/10/00 480 05/07/02 20
07/17/00 720 05/08/02 60
07/25/00 70 05/16/02 30
08/08/00 320 05/28/02 130
08/28/00 1600 05/30/02 500
10/30/00 340 06/03/02 380
03/19/01 30 06/11/02 150
03/21/01 190 06/25/02 800
03/26/01 10 07/10/02 1100
03/28/01 20
04/04/01 10
04/09/01 350
04/11/01 80
04/16/01 30
04/18/01 40
04/23/01 10
04/25/01 30
04/25/01 20
05/01/01 10
05/02/01 10
05/07/01 440
05/09/01 330
05/14/01 30
05/16/01 90
05/21/01 1600
05/23/01 100




Maple River near Maple Colony (385027)

Concentration Concentration

Date (CFUs/100mL) Date (CFUs/100mL)
03/06/00 5 06/07/01 270
03/20/00 140 06/11/01 350
03/22/00 100 06/13/01 530
03/27/00 20 06/18/01 1600
03/29/00 10 06/20/01 140
04/03/00 5 06/25/01 70
04/05/00 5 07/02/01 100
04/10/00 5 07/09/01 60
04/12/00 10 07/16/01 70
04/19/00 5 07/23/01 40
04/26/00 5 07/30/01 1600
05/01/00 20 08/06/01 10
05/08/00 230 08/09/01 1600
05/15/00 80 08/13/01 40
05/22/00 170 08/15/01 30
05/31/00 480 08/20/01 130
06/05/00 190 08/27/01 1600
06/20/00 120 09/04/01 740
06/28/00 40 09/10/01 40
07/05/00 200 10/24/01 5
07/10/00 150 05/08/02 10
07/17/00 160 05/16/02 5
07/25/00 140 05/28/02 10
08/08/00 200 05/30/02 60
08/28/00 20 06/03/02 260
10/30/00 920 06/25/02 430
03/19/01 40 07/10/02 140
03/21/01 90 09/04/02 260
03/26/01 10
03/28/01 20
04/04/01 50
04/09/01 300
04/11/01 110
04/16/01 30
04/18/01 5
04/23/01 5
04/25/01 40
05/01/01 5
05/02/01 10
05/07/01 5
05/09/01 10
05/14/01 30
05/16/01 10
05/21/01 70
05/23/01 5
05/29/01 90
05/30/01 70
06/05/01 360




Maple River near ND-SB Border (384216

Concentration Concentration Concentration
Date (CFUs/100mL) Date (CFUs/100mL) Date (CFUs/100mL)
03/06/00 5 06/07/01 1600 05/18/05 20
03/13/00 30 06/11/01 150 05/25/05 40
03/15/00 100 06/13/01 440 06/01/05 60
03/20/00 70 06/18/01 70 06/06/05 100
03/22/00 50 06/20/01 200 06/09/05 260
03/27/00 10 06/25/01 230 06/15/05 120
03/29/00 10 07/02/01 80 06/22/05 40
04/03/00 5 07/23/01 160 06/29/05 1600
04/05/00 5 07/30/01 580 07/06/05 140
04/10/00 5 08/13/01 20 07/13/05 110
04/12/00 30 08/15/01 260 07/18/05 40
04/19/00 10 04/29/02 5 08/22/05 30
04/26/00 40 05/07/02 20 09/06/05 30
05/01/00 40 05/08/02 20 09/20/05 40
05/08/00 810 05/16/02 10 10/04/05 120
05/15/00 60 05/28/02 10 10/18/05 20
05/22/00 240 05/30/02 10 03/22/06 5
05/31/00 310 06/03/02 30 03/29/06 5
06/05/00 430 06/11/02 130 04/05/06 20
06/20/00 700 06/17/02 10 04/10/06 5
06/28/00 220 06/25/02 490 04/19/06 5
07/05/00 1300 03/15/04 10 04/26/06 20
07/10/00 1100 03/23/04 10 05/03/06 20
07/17/00 480 03/30/04 30 05/10/06 50
07/25/00 260 04/06/04 5 05/17/06 120
08/08/00 350 04/13/04 20 05/24/06 420
08/28/00 450 04/20/04 5 05/31/06 800
10/30/00 320 04/27/04 10 06/07/06 230
03/19/01 1600 05/04/04 20 06/14/06 1300
03/21/01 1600 05/11/04 290 06/21/06 4100
03/26/01 10 05/18/04 120 06/28/06 6500
03/28/01 10 05/25/04 300 07/05/06 3700
04/04/01 30 06/01/04 320
04/09/01 290 06/08/04 120
04/11/01 5 06/15/04 350
04/18/01 5 06/21/04 20
04/23/01 10 06/29/04 170
04/25/01 80 07/06/04 980
05/01/01 50 07/20/04 610
05/02/01 30 07/27/04 350
05/07/01 160 08/10/04 380
05/09/01 220 03/31/05 10
05/16/01 60 04/06/05 5
05/21/01 90 04/13/05 5
05/23/01 20 04/20/05 10
05/29/01 20 04/27/05 10
05/30/01 10 05/02/05 5
06/05/01 30 05/11/05 90




Appendix B
Mean Daily Discharge Data and Flow Duration Curve
for the Maple River at the
ND-SD Border (USGS Site 06471200)
(January 1, 2000 — December 5, 2006)



Maple River near ND-SB Border (384216)

Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)
01/01/00 4.80 02/17/00 2.00 04/04/00 55.00 05/21/00 20.00
01/02/00 4.70 02/18/00 2.10 04/05/00 54.00 05/22/00 20.00
01/03/00 4.60 02/19/00 2.30 04/06/00 49.00 05/23/00 17.00
01/04/00 4.10 02/20/00 2.10 04/07/00 46.00 05/24/00 16.00
01/05/00 4.00 02/21/00 2.00 04/08/00 40.00 05/25/00 13.00
01/06/00 3.80 02/22/00 2.00 04/09/00 39.00 05/26/00 12.00
01/07/00 3.50 02/23/00 2.30 04/10/00 36.00 05/27/00 12.00
01/08/00 3.50 02/24/00 3.70 04/11/00 34.00 05/28/00 12.00
01/09/00 3.40 02/25/00 6.00 04/12/00 31.00 05/29/00 11.00
01/10/00 3.40 02/26/00 9.50 04/13/00 30.00 05/30/00 11.00
01/11/00 3.30 02/27/00 9.30 04/14/00 30.00 05/31/00 10.00
01/12/00 3.50 02/28/00 12.00 04/15/00 29.00 06/01/00 11.00
01/13/00 3.20 02/29/00 16.00 04/16/00 28.00 06/02/00 10.00
01/14/00 3.00 03/01/00 38.00 04/17/00 26.00 06/03/00 10.00
01/15/00 3.00 03/02/00 141.00 04/18/00 26.00 06/04/00 12.00
01/16/00 3.10 03/03/00 207.00 04/19/00 28.00 06/05/00 11.00
01/17/00 2.90 03/04/00 178.00 04/20/00 28.00 06/06/00 10.00
01/18/00 2.80 03/05/00 128.00 04/21/00 28.00 06/07/00 9.80
01/19/00 2.90 03/06/00 94.00 04/22/00 29.00 06/08/00 8.30
01/20/00 2.70 03/07/00 69.00 04/23/00 27.00 06/09/00 7.00
01/21/00 2.70 03/08/00 67.00 04/24/00 27.00 06/10/00 6.90
01/22/00 2.70 03/09/00 30.00 04/25/00 29.00 06/11/00 5.70
01/23/00 2.70 03/10/00 42.00 04/26/00 33.00 06/12/00 4.80
01/24/00 2.40 03/11/00 49.00 04/27/00 36.00 06/13/00 3.70
01/25/00 2.30 03/12/00 40.00 04/28/00 33.00 06/14/00 4.40
01/26/00 2.20 03/13/00 36.00 04/29/00 30.00 06/15/00 4.50
01/27/00 2.00 03/14/00 33.00 04/30/00 31.00 06/16/00 5.10
01/28/00 2.00 03/15/00 30.00 05/01/00 30.00 06/17/00 4.80
01/29/00 2.10 03/16/00 28.00 05/02/00 27.00 06/18/00 4.40
01/30/00 2.00 03/17/00 27.00 05/03/00 28.00 06/19/00 4.00
01/31/00 2.00 03/18/00 29.00 05/04/00 28.00 06/20/00 4.60
02/01/00 1.90 03/19/00 33.00 05/05/00 28.00 06/21/00 4.30
02/02/00 2.20 03/20/00 39.00 05/06/00 32.00 06/22/00 4.20
02/03/00 2.60 03/21/00 46.00 05/07/00 32.00 06/23/00 5.00
02/04/00 2.40 03/22/00 59.00 05/08/00 36.00 06/24/00 4.70
02/05/00 2.30 03/23/00 97.00 05/09/00 31.00 06/25/00 5.00
02/06/00 2.40 03/24/00 160.00 05/10/00 29.00 06/26/00 4.30
02/07/00 2.50 03/25/00 226.00 05/11/00 28.00 06/27/00 4.00
02/08/00 2.60 03/26/00 233.00 05/12/00 25.00 06/28/00 3.90
02/09/00 2.80 03/27/00 220.00 05/13/00 26.00 06/29/00 3.30
02/10/00 2.70 03/28/00 179.00 05/14/00 25.00 06/30/00 3.00
02/11/00 2.40 03/29/00 145.00 05/15/00 27.00 07/01/00 2.80
02/12/00 2.20 03/30/00 120.00 05/16/00 27.00 07/02/00 20.00
02/13/00 2.20 03/31/00 103.00 05/17/00 30.00 07/03/00 12.00
02/14/00 2.00 04/01/00 85.00 05/18/00 26.00 07/04/00 8.40
02/15/00 2.20 04/02/00 75.00 05/19/00 22.00 07/05/00 7.90
02/16/00 2.00 04/03/00 66.00 05/20/00 21.00 07/06/00 5.40




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)

07/07/00 5.00 08/23/00 1.10 10/09/00 0.06 11/25/00 3.30
07/08/00 4.60 08/24/00 0.67 10/10/00 0.06 11/26/00 3.00
07/09/00 4.50 08/25/00 0.60 10/11/00 0.05 11/27/00 2.90
07/10/00 21.00 08/26/00 0.45 10/12/00 0.06 11/28/00 3.00
07/11/00 43.00 08/27/00 0.38 10/13/00 0.08 11/29/00 3.40
07/12/00 66.00 08/28/00 0.41 10/14/00 0.09 11/30/00 3.90
07/13/00 92.00 08/29/00 0.31 10/15/00 0.06 12/01/00 4.00
07/14/00 87.00 08/30/00 0.28 10/16/00 0.06 12/02/00 3.90
07/15/00 70.00 08/31/00 0.67 10/17/00 0.05 12/03/00 3.80
07/16/00 54.00 09/01/00 0.37 10/18/00 0.05 12/04/00 3.80
07/17/00 44.00 09/02/00 0.34 10/19/00 0.05 12/05/00 3.70
07/18/00 47.00 09/03/00 0.36 10/20/00 0.05 12/06/00 3.70
07/19/00 47.00 09/04/00 0.36 10/21/00 0.02 12/07/00 3.60
07/20/00 44.00 09/05/00 0.36 10/22/00 0.02 12/08/00 3.50
07/21/00 39.00 09/06/00 0.38 10/23/00 0.03 12/09/00 3.40
07/22/00 35.00 09/07/00 0.41 10/24/00 0.02 12/10/00 3.20
07/23/00 31.00 09/08/00 0.32 10/25/00 0.02 12/11/00 3.00
07/24/00 28.00 09/09/00 0.29 10/26/00 0.42 12/12/00 2.80
07/25/00 24.00 09/10/00 0.23 10/27/00 0.52 12/13/00 2.60
07/26/00 21.00 09/11/00 0.22 10/28/00 0.38 12/14/00 2.30
07/27/00 17.00 09/12/00 0.14 10/29/00 0.39 12/15/00 2.30
07/28/00 15.00 09/13/00 0.12 10/30/00 0.39 12/16/00 2.50
07/29/00 12.00 09/14/00 0.11 10/31/00 0.42 12/17/00 2.50
07/30/00 11.00 09/15/00 0.07 11/01/00 3.00 12/18/00 2.50
07/31/00 9.60 09/16/00 0.06 11/02/00 2.50 12/19/00 2.20
08/01/00 8.10 09/17/00 0.06 11/03/00 1.60 12/20/00 2.00
08/02/00 5.90 09/18/00 0.05 11/04/00 1.10 12/21/00 1.70
08/03/00 5.70 09/19/00 0.05 11/05/00 1.10 12/22/00 1.40
08/04/00 4.90 09/20/00 0.04 11/06/00 3.50 12/23/00 1.30
08/05/00 5.30 09/21/00 0.03 11/07/00 8.80 12/24/00 1.20
08/06/00 4.90 09/22/00 0.10 11/08/00 6.30 12/25/00 1.10
08/07/00 4.00 09/23/00 0.09 11/09/00 6.00 12/26/00 1.00
08/08/00 3.40 09/24/00 0.06 11/10/00 6.00 12/27/00 0.95
08/09/00 2.50 09/25/00 0.06 11/11/00 6.00 12/28/00 0.95
08/10/00 1.80 09/26/00 0.05 11/12/00 6.50 12/29/00 0.90
08/11/00 1.50 09/27/00 0.04 11/13/00 6.50 12/30/00 0.85
08/12/00 1.50 09/28/00 0.03 11/14/00 6.00 12/31/00 0.85
08/13/00 0.80 09/29/00 0.03 11/15/00 5.60

08/14/00 1.10 09/30/00 0.02 11/16/00 5.30

08/15/00 1.10 10/01/00 0.03 11/17/00 4.90

08/16/00 0.96 10/02/00 0.01 11/18/00 4.50

08/17/00 1.20 10/03/00 0.01 11/19/00 5.00

08/18/00 0.89 10/04/00 0.02 11/20/00 4.80

08/19/00 0.82 10/05/00 0.10 11/21/00 4.50

08/20/00 1.10 10/06/00 0.08 11/22/00 4.10

08/21/00 1.50 10/07/00 0.08 11/23/00 3.80

08/22/00 1.30 10/08/00 0.07 11/24/00 3.60




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)
01/01/01 0.85 02/17/01 0.57 04/05/01  185.00 05/22/01 30.00
01/02/01 0.82 02/18/01 0.53 04/06/01  190.00 05/23/01 28.00
01/03/01 0.80 02/19/01 0.58 04/07/01  400.00 05/24/01 24.00
01/04/01 0.85 02/20/01 0.59 04/08/01  700.00 05/25/01 22.00
01/05/01 0.88 02/21/01 0.57 04/09/01  950.00 05/26/01 22.00
01/06/01 0.90 02/22/01 0.52 04/10/01 1370.00 05/27/01 22.00
01/07/01 0.94 02/23/01 0.50 04/11/01 1290.00 05/28/01 22.00
01/08/01 0.95 02/24/01 0.53 04/12/01  779.00 05/29/01 23.00
01/09/01 0.98 02/25/01 0.58 04/13/01  566.00 05/30/01 24.00
01/10/01 1.00 02/26/01 0.55 04/14/01  590.00 05/31/01 22.00
01/11/01 1.00 02/27/01 0.55 04/15/01  582.00 06/01/01 22.00
01/12/01 1.00 02/28/01 0.56 04/16/01  433.00 06/02/01 19.00
01/13/01 0.98 03/01/01 0.57 04/17/01  311.00 06/03/01 17.00
01/14/01 0.95 03/02/01 0.61 04/18/01  233.00 06/04/01 15.00
01/15/01 0.98 03/03/01 0.60 04/19/01  191.00 06/05/01 14.00
01/16/01 0.92 03/04/01 0.58 04/20/01  171.00 06/06/01 14.00
01/17/01 0.93 03/05/01 0.59 04/21/01  158.00 06/07/01 15.00
01/18/01 0.99 03/06/01 0.59 04/22/01  146.00 06/08/01 14.00
01/19/01 1.00 03/07/01 0.58 04/23/01  141.00 06/09/01 13.00
01/20/01 0.93 03/08/01 0.54 04/24/01  141.00 06/10/01 14.00
01/21/01 0.88 03/09/01 0.59 04/25/01  142.00 06/11/01 14.00
01/22/01 0.86 03/10/01 0.66 04/26/01  142.00 06/12/01 14.00
01/23/01 0.86 03/11/01 0.71 04/27/01  143.00 06/13/01 16.00
01/24/01 0.76 03/12/01 0.78 04/28/01  136.00 06/14/01 20.00
01/25/01 0.72 03/13/01 0.99 04/29/01  121.00 06/15/01 31.00
01/26/01 0.77 03/14/01 1.60 04/30/01  113.00 06/16/01 41.00
01/27/01 0.73 03/15/01 2.00 05/01/01 96.00 06/17/01 42.00
01/28/01 0.70 03/16/01 2.50 05/02/01 87.00 06/18/01 39.00
01/29/01 0.68 03/17/01 3.00 05/03/01 78.00 06/19/01 37.00
01/30/01 0.75 03/18/01 3.00 05/04/01 70.00 06/20/01 41.00
01/31/01 0.73 03/19/01 3.50 05/05/01 67.00 06/21/01 43.00
02/01/01 0.70 03/20/01 4.00 05/06/01 72.00 06/22/01 40.00
02/02/01 0.60 03/21/01 5.50 05/07/01 77.00 06/23/01 36.00
02/03/01 0.60 03/22/01 13.00 05/08/01 77.00 06/24/01 33.00
02/04/01 0.64 03/23/01 20.00 05/09/01 88.00 06/25/01 28.00
02/05/01 0.66 03/24/01 50.00 05/10/01  143.00 06/26/01 24.00
02/06/01 0.66 03/25/01  100.00 05/11/01  165.00 06/27/01 19.00
02/07/01 0.71 03/26/01  500.00 05/12/01  146.00 06/28/01 17.00
02/08/01 0.77 03/27/01  420.00 05/13/01  127.00 06/29/01 15.00
02/09/01 0.73 03/28/01  380.00 05/14/01  106.00 06/30/01 14.00
02/10/01 0.64 03/29/01  360.00 05/15/01 85.00 07/01/01 11.00
02/11/01 0.61 03/30/01  320.00 05/16/01 70.00 07/02/01 10.00
02/12/01 0.63 03/31/01  280.00 05/17/01 55.00 07/03/01 9.10
02/13/01 0.67 04/01/01  240.00 05/18/01 45.00 07/04/01 8.30
02/14/01 0.62 04/02/01  210.00 05/19/01 40.00 07/05/01 7.30
02/15/01 0.62 04/03/01  200.00 05/20/01 36.00 07/06/01 7.00
02/16/01 0.60 04/04/01  190.00 05/21/01 33.00 07/07/01 6.70




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)

07/08/01 6.00 08/24/01 1.20 10/10/01 0.00 11/26/01 0.00
07/09/01 5.80 08/25/01 0.99 10/11/01 0.00 11/27/01 0.00
07/10/01 5.30 08/26/01 0.76 10/12/01 0.00 11/28/01 0.00
07/11/01 4.70 08/27/01 0.54 10/13/01 0.00 11/29/01 0.00
07/12/01 4.00 08/28/01 0.42 10/14/01 0.00 11/30/01 0.00
07/13/01 2.30 08/29/01 0.38 10/15/01 0.00 12/01/01 0.00
07/14/01 1.60 08/30/01 0.31 10/16/01 0.00 12/02/01 0.00
07/15/01 2.10 08/31/01 0.20 10/17/01 0.00 12/03/01 0.00
07/16/01 2.40 09/01/01 0.11 10/18/01 0.00 12/04/01 0.00
07/17/01 2.30 09/02/01 0.11 10/19/01 0.00 12/05/01 0.00
07/18/01 2.20 09/03/01 0.08 10/20/01 0.00 12/06/01 0.00
07/19/01 2.40 09/04/01 0.04 10/21/01 0.00 12/07/01 0.00
07/20/01 3.00 09/05/01 0.01 10/22/01 0.00 12/08/01 0.00
07/21/01 3.30 09/06/01 0.00 10/23/01 0.00 12/09/01 0.18
07/22/01 3.80 09/07/01 0.00 10/24/01 0.00 12/10/01 2.30
07/23/01 4.20 09/08/01 0.00 10/25/01 0.00 12/11/01 2.50
07/24/01 3.30 09/09/01 0.00 10/26/01 0.00 12/12/01 2.20
07/25/01 2.70 09/10/01 0.00 10/27/01 0.00 12/13/01 2.00
07/26/01 3.30 09/11/01 0.00 10/28/01 0.00 12/14/01 1.80
07/27/01 5.10 09/12/01 0.00 10/29/01 0.00 12/15/01 1.60
07/28/01 6.30 09/13/01 0.00 10/30/01 0.00 12/16/01 1.60
07/29/01 7.60 09/14/01 0.00 10/31/01 0.00 12/17/01 1.50
07/30/01 9.80 09/15/01 0.00 11/01/01 0.00 12/18/01 1.60
07/31/01 7.80 09/16/01 0.00 11/02/01 0.00 12/19/01 1.40
08/01/01 6.30 09/17/01 0.00 11/03/01 0.00 12/20/01 1.30
08/02/01 5.70 09/18/01 0.00 11/04/01 0.00 12/21/01 1.20
08/03/01 5.40 09/19/01 0.00 11/05/01 0.00 12/22/01 1.20
08/04/01 4.00 09/20/01 0.02 11/06/01 0.00 12/23/01 1.10
08/05/01 2.80 09/21/01 0.01 11/07/01 0.00 12/24/01 1.10
08/06/01 2.10 09/22/01 0.01 11/08/01 0.00 12/25/01 1.10
08/07/01 1.60 09/23/01 0.00 11/09/01 0.00 12/26/01 1.10
08/08/01 1.30 09/24/01 0.00 11/10/01 0.00 12/27/01 1.10
08/09/01 1.20 09/25/01 0.00 11/11/01 0.00 12/28/01 1.10
08/10/01 0.88 09/26/01 0.00 11/12/01 0.00 12/29/01 1.00
08/11/01 1.10 09/27/01 0.00 11/13/01 0.00 12/30/01 1.00
08/12/01 1.70 09/28/01 0.00 11/14/01 0.00 12/31/01 0.99
08/13/01 1.80 09/29/01 0.00 11/15/01 0.00

08/14/01 1.80 09/30/01 0.00 11/16/01 0.00

08/15/01 2.00 10/01/01 0.00 11/17/01 0.00

08/16/01 1.30 10/02/01 0.00 11/18/01 0.00

08/17/01 1.20 10/03/01 0.00 11/19/01 0.00

08/18/01 1.10 10/04/01 0.00 11/20/01 0.00

08/19/01 1.10 10/05/01 0.00 11/21/01 0.00

08/20/01 1.80 10/06/01 0.00 11/22/01 0.00

08/21/01 2.20 10/07/01 0.00 11/23/01 0.00

08/22/01 1.80 10/08/01 0.00 11/24/01 0.00

08/23/01 1.40 10/09/01 0.00 11/25/01 0.00




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)
01/01/02 0.94 02/17/02 2.10 04/05/02 3.20 05/22/02 5.20
01/02/02 0.88 02/18/02 2.50 04/06/02 2.80 05/23/02 6.30
01/03/02 0.84 02/19/02 2.80 04/07/02 3.70 05/24/02 5.30
01/04/02 0.80 02/20/02 3.00 04/08/02 3.20 05/25/02 5.20
01/05/02 0.83 02/21/02 2.90 04/09/02 2.90 05/26/02 4.50
01/06/02 0.85 02/22/02 2.70 04/10/02 3.50 05/27/02 3.80
01/07/02 0.81 02/23/02 2.90 04/11/02 3.10 05/28/02 3.20
01/08/02 0.86 02/24/02 2.70 04/12/02 3.30 05/29/02 2.80
01/09/02 1.10 02/25/02 2.50 04/13/02 3.40 05/30/02 2.20
01/10/02 1.10 02/26/02 2.30 04/14/02 4.40 05/31/02 1.50
01/11/02 1.20 02/27/02 2.10 04/15/02 6.40 06/01/02 1.30
01/12/02 1.30 02/28/02 2.00 04/16/02 5.90 06/02/02 1.20
01/13/02 1.50 03/01/02 1.90 04/17/02 5.70 06/03/02 1.00
01/14/02 1.70 03/02/02 1.80 04/18/02 7.80 06/04/02 0.86
01/15/02 1.70 03/03/02 1.70 04/19/02 6.60 06/05/02 0.66
01/16/02 1.70 03/04/02 1.60 04/20/02 6.70 06/06/02 0.52
01/17/02 1.70 03/05/02 1.60 04/21/02 7.00 06/07/02 0.48
01/18/02 1.60 03/06/02 1.60 04/22/02 6.50 06/08/02 0.33
01/19/02 1.60 03/07/02 1.50 04/23/02 7.20 06/09/02 0.25
01/20/02 1.60 03/08/02 1.50 04/24/02 8.00 06/10/02 0.27
01/21/02 1.60 03/09/02 1.40 04/25/02 7.30 06/11/02 0.27
01/22/02 1.60 03/10/02 1.40 04/26/02 7.10 06/12/02 0.21
01/23/02 1.50 03/11/02 1.50 04/27/02 9.40 06/13/02 0.23
01/24/02 1.50 03/12/02 1.70 04/28/02 9.40 06/14/02 0.19
01/25/02 1.50 03/13/02 2.00 04/29/02 9.70 06/15/02 0.15
01/26/02 1.50 03/14/02 2.00 04/30/02 9.40 06/16/02 0.11
01/27/02 1.40 03/15/02 2.10 05/01/02 9.00 06/17/02 0.09
01/28/02 1.30 03/16/02 2.50 05/02/02 7.80 06/18/02 0.07
01/29/02 1.10 03/17/02 2.70 05/03/02 6.10 06/19/02 0.31
01/30/02 1.00 03/18/02 3.10 05/04/02 7.60 06/20/02 0.46
01/31/02 0.95 03/19/02 3.50 05/05/02 7.00 06/21/02 0.36
02/01/02 0.90 03/20/02 4.20 05/06/02 7.40 06/22/02 0.31
02/02/02 0.90 03/21/02 4.30 05/07/02 7.10 06/23/02 0.45
02/03/02 0.90 03/22/02 4.20 05/08/02 9.10 06/24/02 7.50
02/04/02 0.90 03/23/02 4.50 05/09/02 9.50 06/25/02 18.00
02/05/02 0.90 03/24/02 4.50 05/10/02 9.10 06/26/02 12.00
02/06/02 0.90 03/25/02 4.10 05/11/02 9.60 06/27/02 6.90
02/07/02 0.95 03/26/02 3.90 05/12/02 9.70 06/28/02 3.30
02/08/02 1.00 03/27/02 3.90 05/13/02 10.00 06/29/02 2.00
02/09/02 1.20 03/28/02 4.30 05/14/02 9.30 06/30/02 1.40
02/10/02 1.40 03/29/02 4.30 05/15/02 10.00 07/01/02 0.93
02/11/02 1.80 03/30/02 4.30 05/16/02 10.00 07/02/02 0.76
02/12/02 1.80 03/31/02 3.80 05/17/02 9.80 07/03/02 0.61
02/13/02 1.90 04/01/02 3.40 05/18/02 9.50 07/04/02 0.39
02/14/02 1.90 04/02/02 3.70 05/19/02 8.60 07/05/02 0.25
02/15/02 1.90 04/03/02 3.40 05/20/02 7.40 07/06/02 0.20
02/16/02 1.90 04/04/02 3.40 05/21/02 5.10 07/07/02 0.22




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)

07/08/02 0.20 08/24/02 0.00 10/10/02 0.00 11/26/02 0.00
07/09/02 0.13 08/25/02 0.00 10/11/02 0.00 11/27/02 0.00
07/10/02 0.19 08/26/02 0.00 10/12/02 0.00 11/28/02 0.00
07/11/02 0.10 08/27/02 0.00 10/13/02 0.00 11/29/02 0.00
07/12/02 0.07 08/28/02 0.00 10/14/02 0.00 11/30/02 0.00
07/13/02 0.04 08/29/02 0.00 10/15/02 0.00 12/01/02 0.00
07/14/02 0.00 08/30/02 0.00 10/16/02 0.00 12/02/02 0.00
07/15/02 0.00 08/31/02 0.00 10/17/02 0.00 12/03/02 0.00
07/16/02 0.00 09/01/02 0.26 10/18/02 0.00 12/04/02 0.00
07/17/02 0.00 09/02/02 0.23 10/19/02 0.00 12/05/02 0.00
07/18/02 0.00 09/03/02 0.10 10/20/02 0.00 12/06/02 0.00
07/19/02 0.00 09/04/02 0.05 10/21/02 0.00 12/07/02 0.00
07/20/02 0.00 09/05/02 0.03 10/22/02 0.00 12/08/02 0.00
07/21/02 0.00 09/06/02 0.02 10/23/02 0.00 12/09/02 0.00
07/22/02 0.00 09/07/02 0.00 10/24/02 0.00 12/10/02 0.00
07/23/02 0.00 09/08/02 0.00 10/25/02 0.00 12/11/02 0.00
07/24/02 0.00 09/09/02 0.00 10/26/02 0.00 12/12/02 0.00
07/25/02 0.00 09/10/02 0.00 10/27/02 0.00 12/13/02 0.00
07/26/02 0.00 09/11/02 0.00 10/28/02 0.00 12/14/02 0.00
07/27/02 0.00 09/12/02 0.00 10/29/02 0.00 12/15/02 0.00
07/28/02 0.00 09/13/02 0.00 10/30/02 0.00 12/16/02 0.00
07/29/02 0.00 09/14/02 0.00 10/31/02 0.00 12/17/02 0.00
07/30/02 0.00 09/15/02 0.00 11/01/02 0.00 12/18/02 0.00
07/31/02 0.38 09/16/02 0.00 11/02/02 0.00 12/19/02 0.00
08/01/02 0.31 09/17/02 0.00 11/03/02 0.00 12/20/02 0.00
08/02/02 0.12 09/18/02 0.00 11/04/02 0.00 12/21/02 0.00
08/03/02 0.09 09/19/02 0.00 11/05/02 0.00 12/22/02 0.00
08/04/02 0.08 09/20/02 0.00 11/06/02 0.00 12/23/02 0.00
08/05/02 0.04 09/21/02 0.00 11/07/02 0.00 12/24/02 0.00
08/06/02 0.01 09/22/02 0.00 11/08/02 0.00 12/25/02 0.00
08/07/02 0.00 09/23/02 0.00 11/09/02 0.00 12/26/02 0.00
08/08/02 0.00 09/24/02 0.00 11/10/02 0.00 12/27/02 0.00
08/09/02 0.00 09/25/02 0.00 11/11/02 0.00 12/28/02 0.00
08/10/02 0.00 09/26/02 0.00 11/12/02 0.00 12/29/02 0.00
08/11/02 0.00 09/27/02 0.00 11/13/02 0.00 12/30/02 0.00
08/12/02 0.00 09/28/02 0.00 11/14/02 0.00 12/31/02 0.00
08/13/02 0.00 09/29/02 0.00 11/15/02 0.00

08/14/02 0.00 09/30/02 0.00 11/16/02 0.00

08/15/02 0.00 10/01/02 0.00 11/17/02 0.00

08/16/02 0.00 10/02/02 0.00 11/18/02 0.00

08/17/02 0.00 10/03/02 0.00 11/19/02 0.00

08/18/02 0.00 10/04/02 0.00 11/20/02 0.00

08/19/02 0.00 10/05/02 0.00 11/21/02 0.00

08/20/02 0.00 10/06/02 0.00 11/22/02 0.00

08/21/02 0.00 10/07/02 0.00 11/23/02 0.00

08/22/02 0.00 10/08/02 0.00 11/24/02 0.00

08/23/02 0.00 10/09/02 0.00 11/25/02 0.00




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)
01/01/03 0.00 02/17/03 0.00 04/05/03 1.10 05/22/03  169.00
01/02/03 0.00 02/18/03 0.00 04/06/03 0.84 05/23/03  148.00
01/03/03 0.00 02/19/03 0.00 04/07/03 0.69 05/24/03  119.00
01/04/03 0.00 02/20/03 0.00 04/08/03 0.47 05/25/03 90.00
01/05/03 0.00 02/21/03 0.00 04/09/03 0.36 05/26/03 71.00
01/06/03 0.00 02/22/03 0.00 04/10/03 0.44 05/27/03 59.00
01/07/03 0.00 02/23/03 0.00 04/11/03 0.34 05/28/03 52.00
01/08/03 0.00 02/24/03 0.00 04/12/03 0.25 05/29/03 43.00
01/09/03 0.00 02/25/03 0.00 04/13/03 0.17 05/30/03 39.00
01/10/03 0.00 02/26/03 0.00 04/14/03 0.21 05/31/03 31.00
01/11/03 0.00 02/27/03 0.00 04/15/03 0.15 06/01/03 27.00
01/12/03 0.00 02/28/03 0.00 04/16/03 0.50 06/02/03 26.00
01/13/03 0.00 03/01/03 0.00 04/17/03 0.42 06/03/03 23.00
01/14/03 0.00 03/02/03 0.00 04/18/03 0.32 06/04/03 22.00
01/15/03 0.00 03/03/03 0.00 04/19/03 0.42 06/05/03 20.00
01/16/03 0.00 03/04/03 0.00 04/20/03 0.59 06/06/03 20.00
01/17/03 0.00 03/05/03 0.00 04/21/03 0.67 06/07/03 19.00
01/18/03 0.00 03/06/03 0.00 04/22/03 0.92 06/08/03 19.00
01/19/03 0.00 03/07/03 0.00 04/23/03 0.90 06/09/03 18.00
01/20/03 0.00 03/08/03 0.00 04/24/03 0.77 06/10/03 20.00
01/21/03 0.00 03/09/03 0.00 04/25/03 0.51 06/11/03 20.00
01/22/03 0.00 03/10/03 0.00 04/26/03 0.28 06/12/03 26.00
01/23/03 0.00 03/11/03 0.00 04/27/03 0.26 06/13/03 29.00
01/24/03 0.00 03/12/03 0.00 04/28/03 0.21 06/14/03 34.00
01/25/03 0.00 03/13/03 0.00 04/29/03 0.27 06/15/03 38.00
01/26/03 0.00 03/14/03 0.50 04/30/03 0.31 06/16/03 47.00
01/27/03 0.00 03/15/03 1.00 05/01/03 0.30 06/17/03  108.00
01/28/03 0.00 03/16/03 0.96 05/02/03 0.27 06/18/03  137.00
01/29/03 0.00 03/17/03 0.92 05/03/03 0.25 06/19/03  124.00
01/30/03 0.00 03/18/03 0.84 05/04/03 1.10 06/20/03  101.00
01/31/03 0.00 03/19/03 0.47 05/05/03 2.70 06/21/03 84.00
02/01/03 0.00 03/20/03 0.03 05/06/03 8.20 06/22/03 78.00
02/02/03 0.00 03/21/03 0.00 05/07/03 6.60 06/23/03 68.00
02/03/03 0.00 03/22/03 0.00 05/08/03 7.10 06/24/03 61.00
02/04/03 0.00 03/23/03 0.00 05/09/03 32.00 06/25/03 54.00
02/05/03 0.00 03/24/03 0.00 05/10/03 52.00 06/26/03 52.00
02/06/03 0.00 03/25/03 0.00 05/11/03 49.00 06/27/03 57.00
02/07/03 0.00 03/26/03 0.00 05/12/03 45.00 06/28/03 65.00
02/08/03 0.00 03/27/03 0.00 05/13/03 52.00 06/29/03 70.00
02/09/03 0.00 03/28/03 0.00 05/14/03 61.00 06/30/03 70.00
02/10/03 0.00 03/29/03 0.00 05/15/03 59.00 07/01/03 63.00
02/11/03 0.00 03/30/03 0.00 05/16/03 68.00 07/02/03 54.00
02/12/03 0.00 03/31/03 0.00 05/17/03 95.00 07/03/03 45.00
02/13/03 0.00 04/01/03 1.20 05/18/03  128.00 07/04/03 40.00
02/14/03 0.00 04/02/03 2.40 05/19/03  142.00 07/05/03 35.00
02/15/03 0.00 04/03/03 1.80 05/20/03  148.00 07/06/03 32.00
02/16/03 0.00 04/04/03 1.30 05/21/03  161.00 07/07/03 30.00




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)

07/08/03 31.00 08/24/03 0.06 10/10/03 0.00 11/26/03 0.00
07/09/03 33.00 08/25/03 0.04 10/11/03 0.00 11/27/03 0.00
07/10/03 30.00 08/26/03 0.03 10/12/03 0.00 11/28/03 0.00
07/11/03 27.00 08/27/03 0.01 10/13/03 0.00 11/29/03 0.00
07/12/03 26.00 08/28/03 0.00 10/14/03 0.00 11/30/03 0.00
07/13/03 24.00 08/29/03 0.00 10/15/03 0.00 12/01/03 0.00
07/14/03 24.00 08/30/03 0.00 10/16/03 0.00 12/02/03 0.00
07/15/03 23.00 08/31/03 0.00 10/17/03 0.00 12/03/03 0.00
07/16/03 21.00 09/01/03 0.00 10/18/03 0.00 12/04/03 0.00
07/17/03 19.00 09/02/03 0.00 10/19/03 0.00 12/05/03 0.00
07/18/03 17.00 09/03/03 0.00 10/20/03 0.00 12/06/03 0.00
07/19/03 16.00 09/04/03 0.00 10/21/03 0.00 12/07/03 0.00
07/20/03 14.00 09/05/03 0.00 10/22/03 0.00 12/08/03 0.00
07/21/03 13.00 09/06/03 0.00 10/23/03 0.00 12/09/03 0.00
07/22/03 13.00 09/07/03 0.00 10/24/03 0.00 12/10/03 0.00
07/23/03 12.00 09/08/03 0.00 10/25/03 0.00 12/11/03 0.00
07/24/03 11.00 09/09/03 0.00 10/26/03 0.00 12/12/03 0.00
07/25/03 9.50 09/10/03 0.00 10/27/03 0.00 12/13/03 0.00
07/26/03 8.30 09/11/03 0.00 10/28/03 0.00 12/14/03 0.00
07/27/03 7.10 09/12/03 0.00 10/29/03 0.00 12/15/03 0.00
07/28/03 6.30 09/13/03 0.00 10/30/03 0.00 12/16/03 0.00
07/29/03 5.70 09/14/03 0.00 10/31/03 0.00 12/17/03 0.00
07/30/03 4.10 09/15/03 0.00 11/01/03 0.00 12/18/03 0.00
07/31/03 3.40 09/16/03 0.00 11/02/03 0.00 12/19/03 0.00
08/01/03 2.70 09/17/03 0.00 11/03/03 0.00 12/20/03 0.00
08/02/03 2.10 09/18/03 0.00 11/04/03 0.00 12/21/03 0.00
08/03/03 1.50 09/19/03 0.00 11/05/03 0.00 12/22/03 0.00
08/04/03 1.10 09/20/03 0.00 11/06/03 0.00 12/23/03 0.00
08/05/03 0.77 09/21/03 0.00 11/07/03 0.00 12/24/03 0.00
08/06/03 0.58 09/22/03 0.00 11/08/03 0.00 12/25/03 0.00
08/07/03 0.43 09/23/03 0.00 11/09/03 0.00 12/26/03 0.00
08/08/03 0.37 09/24/03 0.00 11/10/03 0.00 12/27/03 0.00
08/09/03 0.51 09/25/03 0.00 11/11/03 0.00 12/28/03 0.00
08/10/03 0.60 09/26/03 0.00 11/12/03 0.00 12/29/03 0.00
08/11/03 0.43 09/27/03 0.00 11/13/03 0.00 12/30/03 0.00
08/12/03 0.32 09/28/03 0.00 11/14/03 0.00 12/31/03 0.00
08/13/03 0.24 09/29/03 0.00 11/15/03 0.00

08/14/03 0.21 09/30/03 0.00 11/16/03 0.00

08/15/03 0.23 10/01/03 0.00 11/17/03 0.00

08/16/03 0.23 10/02/03 0.00 11/18/03 0.00

08/17/03 0.17 10/03/03 0.00 11/19/03 0.00

08/18/03 0.15 10/04/03 0.00 11/20/03 0.00

08/19/03 0.13 10/05/03 0.00 11/21/03 0.00

08/20/03 0.11 10/06/03 0.00 11/22/03 0.00

08/21/03 0.11 10/07/03 0.00 11/23/03 0.00

08/22/03 0.07 10/08/03 0.00 11/24/03 0.00

08/23/03 0.05 10/09/03 0.00 11/25/03 0.00




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)
01/01/04 0.00 02/17/04 0.00 04/04/04 88.00 05/21/04 6.70
01/02/04 0.00 02/18/04 0.00 04/05/04 70.00 05/22/04 6.70
01/03/04 0.00 02/19/04 0.00 04/06/04 55.00 05/23/04 6.40
01/04/04 0.00 02/20/04 0.00 04/07/04 46.00 05/24/04 6.50
01/05/04 0.00 02/21/04 0.00 04/08/04 37.00 05/25/04 6.90
01/06/04 0.00 02/22/04 0.00 04/09/04 42.00 05/26/04 6.30
01/07/04 0.00 02/23/04 0.00 04/10/04 37.00 05/27/04 6.10
01/08/04 0.00 02/24/04 0.00 04/11/04 27.00 05/28/04 5.20
01/09/04 0.00 02/25/04 0.00 04/12/04 22.00 05/29/04 5.30
01/10/04 0.00 02/26/04 0.01 04/13/04 20.00 05/30/04 8.60
01/11/04 0.00 02/27/04 0.06 04/14/04 19.00 05/31/04 21.00
01/12/04 0.00 02/28/04 0.16 04/15/04 17.00 06/01/04 37.00
01/13/04 0.00 02/29/04 0.33 04/16/04 16.00 06/02/04 25.00
01/14/04 0.00 03/01/04 0.71 04/17/04 16.00 06/03/04 19.00
01/15/04 0.00 03/02/04 0.98 04/18/04 15.00 06/04/04 31.00
01/16/04 0.00 03/03/04 1.20 04/19/04 13.00 06/05/04 66.00
01/17/04 0.00 03/04/04 1.50 04/20/04 13.00 06/06/04 65.00
01/18/04 0.00 03/05/04 2.10 04/21/04 12.00 06/07/04 56.00
01/19/04 0.00 03/06/04 3.00 04/22/04 12.00 06/08/04 48.00
01/20/04 0.00 03/07/04 4.70 04/23/04 11.00 06/09/04 41.00
01/21/04 0.00 03/08/04 6.90 04/24/04 11.00 06/10/04 38.00
01/22/04 0.00 03/09/04 10.00 04/25/04 11.00 06/11/04 24.00
01/23/04 0.00 03/10/04 15.00 04/26/04 10.00 06/12/04 21.00
01/24/04 0.00 03/11/04 15.00 04/27/04 8.90 06/13/04 21.00
01/25/04 0.00 03/12/04 15.00 04/28/04 9.20 06/14/04 24.00
01/26/04 0.00 03/13/04 16.00 04/29/04 8.70 06/15/04 45.00
01/27/04 0.00 03/14/04 26.00 04/30/04 7.70 06/16/04 77.00
01/28/04 0.00 03/15/04 38.00 05/01/04 7.30 06/17/04 99.00
01/29/04 0.00 03/16/04 41.00 05/02/04 7.20 06/18/04 99.00
01/30/04 0.00 03/17/04 43.00 05/03/04 6.50 06/19/04 78.00
01/31/04 0.00 03/18/04 47.00 05/04/04 6.50 06/20/04 70.00
02/01/04 0.00 03/19/04 44.00 05/05/04 6.40 06/21/04 66.00
02/02/04 0.00 03/20/04 38.00 05/06/04 6.10 06/22/04 56.00
02/03/04 0.00 03/21/04 26.00 05/07/04 5.30 06/23/04 47.00
02/04/04 0.00 03/22/04 33.00 05/08/04 4.90 06/24/04 40.00
02/05/04 0.00 03/23/04 28.00 05/09/04 4.50 06/25/04 35.00
02/06/04 0.00 03/24/04 29.00 05/10/04 4.20 06/26/04 30.00
02/07/04 0.00 03/25/04 28.00 05/11/04 4.50 06/27/04 28.00
02/08/04 0.00 03/26/04 25.00 05/12/04 5.90 06/28/04 25.00
02/09/04 0.00 03/27/04 25.00 05/13/04 5.50 06/29/04 23.00
02/10/04 0.00 03/28/04 29.00 05/14/04 5.80 06/30/04 20.00
02/11/04 0.00 03/29/04 28.00 05/15/04 4.80 07/01/04 17.00
02/12/04 0.00 03/30/04 68.00 05/16/04 5.80 07/02/04 12.00
02/13/04 0.00 03/31/04  316.00 05/17/04 6.30 07/03/04 8.30
02/14/04 0.00 04/01/04  249.00 05/18/04 7.00 07/04/04 5.60
02/15/04 0.00 04/02/04  173.00 05/19/04 7.10 07/05/04 5.20
02/16/04 0.00 04/03/04  122.00 05/20/04 7.60 07/06/04 8.80




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)

07/07/04 11.00 08/23/04 0.00 10/09/04 0.00 11/25/04 5.60
07/08/04 9.80 08/24/04 0.00 10/10/04 0.00 11/26/04 5.40
07/09/04 6.90 08/25/04 0.00 10/11/04 0.00 11/27/04 5.00
07/10/04 5.40 08/26/04 0.00 10/12/04 0.00 11/28/04 4.80
07/11/04 4.60 08/27/04 0.00 10/13/04 0.00 11/29/04 4.60
07/12/04 3.80 08/28/04 0.00 10/14/04 0.00 11/30/04 4.40
07/13/04 2.90 08/29/04 0.00 10/15/04 0.00 12/01/04 4.30
07/14/04 3.00 08/30/04 0.00 10/16/04 0.00 12/02/04 4.30
07/15/04 2.60 08/31/04 0.00 10/17/04 0.00 12/03/04 4.30
07/16/04 2.00 09/01/04 0.00 10/18/04 0.00 12/04/04 4.70
07/17/04 1.90 09/02/04 0.00 10/19/04 0.00 12/05/04 4.50
07/18/04 1.50 09/03/04 0.00 10/20/04 0.00 12/06/04 4.30
07/19/04 1.30 09/04/04 0.00 10/21/04 0.00 12/07/04 4.00
07/20/04 1.10 09/05/04 0.00 10/22/04 0.00 12/08/04 3.90
07/21/04 0.97 09/06/04 0.00 10/23/04 0.00 12/09/04 4.10
07/22/04 1.00 09/07/04 0.00 10/24/04 0.00 12/10/04 3.70
07/23/04 0.94 09/08/04 0.00 10/25/04 0.00 12/11/04 3.50
07/24/04 0.79 09/09/04 0.00 10/26/04 0.00 12/12/04 3.70
07/25/04 0.74 09/10/04 0.00 10/27/04 0.00 12/13/04 3.20
07/26/04 0.69 09/11/04 0.00 10/28/04 0.00 12/14/04 3.20
07/27/04 0.59 09/12/04 0.00 10/29/04 0.00 12/15/04 3.40
07/28/04 0.73 09/13/04 0.00 10/30/04 0.00 12/16/04 3.40
07/29/04 0.71 09/14/04 0.00 10/31/04 0.94 12/17/04 3.40
07/30/04 0.68 09/15/04 0.00 11/01/04 5.70 12/18/04 3.30
07/31/04 0.70 09/16/04 0.00 11/02/04 12.00 12/19/04 2.90
08/01/04 0.68 09/17/04 0.00 11/03/04 18.00 12/20/04 2.60
08/02/04 0.67 09/18/04 0.00 11/04/04 31.00 12/21/04 2.50
08/03/04 0.65 09/19/04 0.00 11/05/04 42.00 12/22/04 2.10
08/04/04 0.56 09/20/04 0.00 11/06/04 35.00 12/23/04 1.90
08/05/04 0.43 09/21/04 0.00 11/07/04 28.00 12/24/04 1.70
08/06/04 0.29 09/22/04 0.00 11/08/04 23.00 12/25/04 1.70
08/07/04 0.22 09/23/04 0.00 11/09/04 19.00 12/26/04 1.60
08/08/04 0.17 09/24/04 0.00 11/10/04 18.00 12/27/04 1.50
08/09/04 0.11 09/25/04 0.00 11/11/04 14.00 12/28/04 1.60
08/10/04 0.07 09/26/04 0.00 11/12/04 13.00 12/29/04 1.60
08/11/04 0.04 09/27/04 0.00 11/13/04 11.00 12/30/04 1.70
08/12/04 0.02 09/28/04 0.00 11/14/04 9.90 12/31/04 1.80
08/13/04 0.00 09/29/04 0.00 11/15/04 9.40

08/14/04 0.00 09/30/04 0.00 11/16/04 8.70

08/15/04 0.00 10/01/04 0.00 11/17/04 8.10

08/16/04 0.00 10/02/04 0.00 11/18/04 7.60

08/17/04 0.00 10/03/04 0.00 11/19/04 7.20

08/18/04 0.00 10/04/04 0.00 11/20/04 6.90

08/19/04 0.00 10/05/04 0.00 11/21/04 6.40

08/20/04 0.00 10/06/04 0.00 11/22/04 6.20

08/21/04 0.00 10/07/04 0.00 11/23/04 6.00

08/22/04 0.00 10/08/04 0.00 11/24/04 5.80




Flow Flow Flow Flow
(cfs) Date (cfs) Date (cfs) Date (cfs)
3.00 04/05/05 12.00 05/22/05 33.00 07/08/05  120.00
2.90 04/06/05 12.00 05/23/05 30.00 07/09/05  103.00
2.80 04/07/05 10.00 05/24/05 27.00 07/10/05 87.00
2.70 04/08/05 8.60 05/25/05 25.00 07/11/05 80.00
2.60 04/09/05 8.20 05/26/05 24.00 07/12/05 76.00
2.60 04/10/05 8.60 05/27/05 22.00 07/13/05 66.00
2.50 04/11/05 9.90 05/28/05 21.00 07/14/05 59.00
2.50 04/12/05 10.00 05/29/05 20.00 07/15/05 55.00
2.40 04/13/05 9.80 05/30/05 21.00 07/16/05 49.00
2.40 04/14/05 8.70 05/31/05 21.00 07/17/05 47.00
2.40 04/15/05 9.70 06/01/05 19.00 07/18/05 43.00
2.50 04/16/05 10.00 06/02/05 20.00 07/19/05 38.00
2.90 04/17/05 10.00 06/03/05 24.00 07/20/05 37.00
3.50 04/18/05 9.80 06/04/05 24.00 07/21/05 32.00
4.00 04/19/05 13.00 06/05/05 23.00 07/22/05 28.00
6.00 04/20/05 13.00 06/06/05 21.00 07/23/05 35.00
8.00 04/21/05 12.00 06/07/05 97.00 07/24/05 43.00
8.20 04/22/05 13.00 06/08/05  307.00 07/25/05 73.00
7.00 04/23/05 12.00 06/09/05  695.00 07/26/05 54.00
8.70 04/24/05 12.00 06/10/05 3550.00 07/27/05 60.00
12.00 04/25/05 13.00 06/11/05 3240.00 07/28/05  119.00
17.00 04/26/05 11.00 06/12/05 2250.00 07/29/05  112.00
20.00 04/27/05 9.50 06/13/05 1600.00 07/30/05 94.00
28.00 04/28/05 8.30 06/14/05 1410.00 07/31/05 76.00
34.00 04/29/05 7.60 06/15/05 1290.00 08/01/05 57.00
28.00 04/30/05 7.50 06/16/05 1270.00 08/02/05 43.00
22.00 05/01/05 7.60 06/17/05 1240.00 08/03/05 39.00
20.00 05/02/05 7.10 06/18/05  960.00 08/04/05 30.00
18.00 05/03/05 6.50 06/19/05  672.00 08/05/05 25.00
17.00 05/04/05 5.90 06/20/05  517.00 08/06/05 22.00
16.00 05/05/05 5.80 06/21/05  531.00 08/07/05 20.00
15.00 05/06/05 5.30 06/22/05  466.00 08/08/05 18.00
15.00 05/07/05 5.50 06/23/05  424.00 08/09/05 18.00
14.00 05/08/05 6.40 06/24/05  365.00 08/10/05 16.00
13.00 05/09/05 9.10 06/25/05  309.00 08/11/05 17.00
13.00 05/10/05 11.00 06/26/05  269.00 08/12/05 18.00
12.00 05/11/05 13.00 06/27/05  256.00 08/13/05 19.00
12.00 05/12/05 14.00 06/28/05  211.00 08/14/05 20.00
11.00 05/13/05 24.00 06/29/05  325.00 08/15/05 20.00
11.00 05/14/05 50.00 06/30/05  353.00 08/16/05 19.00
12.00 05/15/05 51.00 07/01/05  282.00 08/17/05 17.00
13.00 05/16/05 44.00 07/02/05  312.00 08/18/05 34.00
13.00 05/17/05 39.00 07/03/05  339.00 08/19/05 39.00
12.00 05/18/05 39.00 07/04/05  265.00 08/20/05 31.00
12.00 05/19/05 40.00 07/05/05  209.00 08/21/05 22.00
12.00 05/20/05 36.00 07/06/05  167.00 08/22/05 19.00
11.00 05/21/05 33.00 07/07/05  141.00 08/23/05 18.00




Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs)

08/24/05 22.00 10/10/05 5.10 11/26/05 3.20
08/25/05 34.00 10/11/05 5.10 11/27/05 3.20
08/26/05 37.00 10/12/05 5.80 11/28/05 3.10
08/27/05 32.00 10/13/05 6.30 11/29/05 3.00
08/28/05 26.00 10/14/05 6.50 11/30/05 2.90
08/29/05 23.00 10/15/05 6.10 12/01/05 2.90
08/30/05 21.00 10/16/05 5.70 12/02/05 2.80
08/31/05 18.00 10/17/05 5.90 12/03/05 2.70
09/01/05 16.00 10/18/05 6.20 12/04/05 2.70
09/02/05 15.00 10/19/05 5.80 12/05/05 2.60
09/03/05 16.00 10/20/05 5.50 12/06/05 2.70
09/04/05 23.00 10/21/05 5.50 12/07/05 2.70
09/05/05 24.00 10/22/05 5.20 12/08/05 2.60
09/06/05 18.00 10/23/05 4.90 12/09/05 2.90
09/07/05 14.00 10/24/05 4.40 12/10/05 3.10
09/08/05 14.00 10/25/05 4.00 12/11/05 3.30
09/09/05 14.00 10/26/05 3.80 12/12/05 3.60
09/10/05 12.00 10/27/05 3.60 12/13/05 3.60
09/11/05 12.00 10/28/05 3.10 12/14/05 4.00
09/12/05 14.00 10/29/05 3.60 12/15/05 4.20
09/13/05 13.00 10/30/05 3.50 12/16/05 4.40
09/14/05 12.00 10/31/05 3.70 12/17/05 4.40
09/15/05 10.00 11/01/05 3.90 12/18/05 4.30
09/16/05 9.30 11/02/05 3.80 12/19/05 4.20
09/17/05 8.80 11/03/05 3.70 12/20/05 4.20
09/18/05 9.40 11/04/05 3.50 12/21/05 4.20
09/19/05 8.90 11/05/05 3.40 12/22/05 4.30
09/20/05 8.30 11/06/05 3.30 12/23/05 4.30
09/21/05 7.80 11/07/05 3.30 12/24/05 4.30
09/22/05 6.70 11/08/05 3.30 12/25/05 4.40
09/23/05 5.80 11/09/05 3.40 12/26/05 4.40
09/24/05 5.90 11/10/05 3.30 12/27/05 4.50
09/25/05 6.20 11/11/05 3.30 12/28/05 4.50
09/26/05 5.80 11/12/05 3.80 12/29/05 4.60
09/27/05 5.60 11/13/05 3.80 12/30/05 5.00
09/28/05 5.50 11/14/05 3.60 12/31/05 4.90
09/29/05 4.50 11/15/05 3.40

09/30/05 4.40 11/16/05 3.10

10/01/05 4.00 11/17/05 2.70

10/02/05 3.80 11/18/05 2.50

10/03/05 4.20 11/19/05 2.70

10/04/05 4.50 11/20/05 2.80

10/05/05 5.60 11/21/05 3.00

10/06/05 6.00 11/22/05 3.10

10/07/05 6.10 11/23/05 3.50

10/08/05 5.40 11/24/05 2.90

10/09/05 5.10 11/25/05 3.10




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)
01/01/06 4.90 02/17/06 2.10 04/05/06 32.00 05/22/06 5.70
01/02/06 4.80 02/18/06 1.60 04/06/06 34.00 05/23/06 5.10
01/03/06 4.70 02/19/06 1.40 04/07/06 40.00 05/24/06 6.10
01/04/06 4.50 02/20/06 1.50 04/08/06 32.00 05/25/06 6.50
01/05/06 4.30 02/21/06 1.70 04/09/06 32.00 05/26/06 5.50
01/06/06 4.20 02/22/06 2.20 04/10/06 32.00 05/27/06 4.50
01/07/06 4.30 02/23/06 2.00 04/11/06 31.00 05/28/06 4.00
01/08/06 4.50 02/24/06 2.00 04/12/06 30.00 05/29/06 3.70
01/09/06 4.30 02/25/06 1.80 04/13/06 29.00 05/30/06 3.30
01/10/06 4.30 02/26/06 1.80 04/14/06 27.00 05/31/06 3.10
01/11/06 4.20 02/27/06 1.90 04/15/06 24.00 06/01/06 2.80
01/12/06 4.20 02/28/06 2.20 04/16/06 25.00 06/02/06 2.50
01/13/06 4.10 03/01/06 2.60 04/17/06 21.00 06/03/06 2.10
01/14/06 4.20 03/02/06 2.50 04/18/06 20.00 06/04/06 2.20
01/15/06 4.20 03/03/06 2.50 04/19/06 21.00 06/05/06 2.70
01/16/06 4.30 03/04/06 2.70 04/20/06 21.00 06/06/06 2.90
01/17/06 4.10 03/05/06 3.60 04/21/06 22.00 06/07/06 3.20
01/18/06 4.10 03/06/06 5.60 04/22/06 21.00 06/08/06 3.40
01/19/06 4.10 03/07/06 7.20 04/23/06 20.00 06/09/06 3.20
01/20/06 4.10 03/08/06 10.00 04/24/06 21.00 06/10/06 3.00
01/21/06 4.10 03/09/06 13.00 04/25/06 17.00 06/11/06 3.50
01/22/06 3.70 03/10/06 16.00 04/26/06 16.00 06/12/06 3.50
01/23/06 3.60 03/11/06 24.00 04/27/06 16.00 06/13/06 3.70
01/24/06 3.70 03/12/06 29.00 04/28/06 16.00 06/14/06 4.40
01/25/06 3.70 03/13/06 29.00 04/29/06 16.00 06/15/06 5.20
01/26/06 3.70 03/14/06 34.00 04/30/06 16.00 06/16/06 5.80
01/27/06 4.00 03/15/06 39.00 05/01/06 18.00 06/17/06 6.00
01/28/06 4.20 03/16/06 38.00 05/02/06 19.00 06/18/06 6.30
01/29/06 4.10 03/17/06 39.00 05/03/06 18.00 06/19/06 6.10
01/30/06 4.00 03/18/06 36.00 05/04/06 19.00 06/20/06 6.80
01/31/06 4.30 03/19/06 31.00 05/05/06 19.00 06/21/06 7.90
02/01/06 4.40 03/20/06 26.00 05/06/06 21.00 06/22/06 8.20
02/02/06 4.30 03/21/06 20.00 05/07/06 22.00 06/23/06 8.30
02/03/06 3.90 03/22/06 17.00 05/08/06 25.00 06/24/06 8.60
02/04/06 3.70 03/23/06 18.00 05/09/06 25.00 06/25/06 8.00
02/05/06 3.60 03/24/06 22.00 05/10/06 23.00 06/26/06 5.90
02/06/06 3.40 03/25/06 22.00 05/11/06 21.00 06/27/06 3.80
02/07/06 3.20 03/26/06 24.00 05/12/06 18.00 06/28/06 2.50
02/08/06 3.20 03/27/06 29.00 05/13/06 15.00 06/29/06 1.90
02/09/06 3.10 03/28/06 26.00 05/14/06 14.00 06/30/06 1.60
02/10/06 3.00 03/29/06 25.00 05/15/06 13.00 07/01/06 1.60
02/11/06 3.00 03/30/06 26.00 05/16/06 12.00 07/02/06 1.40
02/12/06 3.00 03/31/06 32.00 05/17/06 11.00 07/03/06 1.10
02/13/06 2.80 04/01/06 30.00 05/18/06 9.00 07/04/06 0.84
02/14/06 2.90 04/02/06 34.00 05/19/06 8.40 07/05/06 0.62
02/15/06 2.90 04/03/06 32.00 05/20/06 7.30 07/06/06 0.36
02/16/06 2.80 04/04/06 31.00 05/21/06 6.40 07/07/06 0.12




Flow Flow Flow Flow
Date (cfs) Date (cfs) Date (cfs) Date (cfs)
07/08/06 0.17 08/24/06 0.00 10/10/06 0.00 11/26/06 0.00
07/09/06 0.06 08/25/06 0.00 10/11/06 0.00 11/27/06 0.00
07/10/06 0.00 08/26/06 0.00 10/12/06 0.00 11/28/06 0.00
07/11/06 0.00 08/27/06 0.00 10/13/06 0.00 11/29/06 0.00
07/12/06 0.00 08/28/06 0.00 10/14/06 0.00 11/30/06 0.00
07/13/06 0.00 08/29/06 0.00 10/15/06 0.00 12/01/06 0.00
07/14/06 0.00 08/30/06 0.00 10/16/06 0.00 12/02/06 0.00
07/15/06 0.00 08/31/06 0.00 10/17/06 0.00 12/03/06 0.00
07/16/06 0.00 09/01/06 0.00 10/18/06 0.00 12/04/06 0.00
07/17/06 0.00 09/02/06 0.00 10/19/06 0.00 12/05/06 0.00
07/18/06 0.00 09/03/06 0.00 10/20/06 0.00
07/19/06 0.00 09/04/06 0.00 10/21/06 0.00
07/20/06 0.00 09/05/06 0.00 10/22/06 0.00
07/21/06 0.00 09/06/06 0.00 10/23/06 0.00
07/22/06 0.00 09/07/06 0.00 10/24/06 0.00
07/23/06 0.00 09/08/06 0.00 10/25/06 0.00
07/24/06 0.00 09/09/06 0.00 10/26/06 0.00
07/25/06 0.00 09/10/06 0.00 10/27/06 0.00
07/26/06 0.00 09/11/06 0.00 10/28/06 0.00
07/27/06 0.00 09/12/06 0.00 10/29/06 0.00
07/28/06 0.00 09/13/06 0.00 10/30/06 0.00
07/29/06 0.00 09/14/06 0.00 10/31/06 0.00
07/30/06 0.00 09/15/06 0.00 11/01/06 0.00
07/31/06 0.00 09/16/06 0.00 11/02/06 0.00
08/01/06 0.00 09/17/06 0.00 11/03/06 0.00
08/02/06 0.00 09/18/06 0.00 11/04/06 0.00
08/03/06 0.00 09/19/06 0.00 11/05/06 0.00
08/04/06 0.00 09/20/06 0.00 11/06/06 0.00
08/05/06 0.00 09/21/06 0.00 11/07/06 0.00
08/06/06 0.00 09/22/06 0.00 11/08/06 0.00
08/07/06 0.00 09/23/06 0.00 11/09/06 0.00
08/08/06 0.00 09/24/06 0.00 11/10/06 0.00
08/09/06 0.00 09/25/06 0.00 11/11/06 0.00
08/10/06 0.00 09/26/06 0.00 11/12/06 0.00
08/11/06 0.00 09/27/06 0.00 11/13/06 0.00
08/12/06 0.00 09/28/06 0.00 11/14/06 0.00
08/13/06 0.00 09/29/06 0.00 11/15/06 0.00
08/14/06 0.00 09/30/06 0.00 11/16/06 0.00
08/15/06 0.00 10/01/06 0.00 11/17/06 0.00
08/16/06 0.00 10/02/06 0.00 11/18/06 0.00
08/17/06 0.00 10/03/06 0.00 11/19/06 0.00
08/18/06 0.00 10/04/06 0.00 11/20/06 0.00
08/19/06 0.00 10/05/06 0.00 11/21/06 0.00
08/20/06 0.00 10/06/06 0.00 11/22/06 0.00
08/21/06 0.00 10/07/06 0.00 11/23/06 0.00
08/22/06 0.00 10/08/06 0.00 11/24/06 0.00
08/23/06 0.00 10/09/06 0.00 11/25/06 0.00
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Appendix C
Stream Discharge Measurements and
Discharge Regression Relationships
for Sites 385023, 385024, 385025, and 385026



4/6/2000
4/11/2000
6/7/2000
4/3/2001
3/23/2004
4/6/2004
4/13/2004
4/27/2004
5/4/2004
5/18/2004
5/25/2004
6/8/2004
6/21/2004
6/29/2004
7/6/2004
4/6/2005
4/13/2005
4/20/2005
5/2/2005
5/11/2005
5/18/2005
6/1/2005
7/6/2005
7/18/2005

49
34
9.8
200
28
55
20
8.9
6.5

6.9
48
66
23

8.8
12

9.8
13

7.1
13
39
19

167
43
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24.71
10.22
8.80
3.68
4.52
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4/6/2000

4/3/2001
4/27/2004
5/18/2004
5/25/2004
4/13/2005
4/20/2005
5/11/2005
5/18/2005
7/18/2005

49
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13
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43
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Measured Flow (cfs)

USGS
Date Site
4/6/2000 49
4/11/2000 34
4/3/2001 200
3/23/2004 28
4/6/2004 55
4/13/2004 20
4/27/2004 8.9
4/27/2004 8.9
5/4/2004 6.5
5/18/2004 7
5/25/2004 6.9
6/1/2004 37
6/8/2004 48
6/21/2004 66
6/29/2004 23
7/6/2004 8.8
4/6/2005 12
4/13/2005 9.8
4/20/2005 13
5/2/2005 7.1
5/18/2005 39
5/25/2005 25
6/1/2005 19
6/22/2005 466
6/29/2005 325
7/6/2005 167
7/13/2005 66
7/18/2005 43
5/24/2006 6.1
5/31/2006 3.1

Site 385025
7.28
5.15

37.93
4.28
5.08
0.88
0.56
0.56
0.09
0.22
0.17
2.50
6.27
7.81
0.39
1.65
1.18
0.86
2.69
0.23

15.70
2.14
1.70

70.32

24.35

23.20
3.48
1.07
0.61
2.63
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Appendix D
Flow Duration Curves for Sites 384216, 385023,
385024, 385025, 385026, and 385027
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Appendix E
Load Duration Curves, Estimated Existing Loads,
TMDL Targets and Percentage of Reduction Required
for Sites 384216, 385023,
385024, 385025, 385026, and 385027



Existing Loads, TMDL Targets and Percentage of Rétdn Required

Load (10 " CFU/Day) | 385023
Median Percentile Existing TMDL  Percent Reduction
High 5.01 percent 99790.85  25878.40 74.07 percent
Moderate 37.50 percent 3630.96 2087.84 42.50 percent
Low
‘ Total 68.80 percent
Load (10 " CFU/Day) 385024
Median Percentile Existing TMDL  Percent Reduction
High 5.01 percent 24541.30  5308.84 78.37 percent
Mod-Low 40.00 percent 1103.15 268.60 75.65 percent
‘ Total 77.79 percent
Load (10 " CFU/Day) 385025
Median Percentile Existing TMDL  Percent Reduction
High 5.01 percent 28360.86  4863.02 82.85 percent
Mod-Low 28.00 percent 1592.80 342.34 78.51 percent
‘ Total 82.12 percent
Load (10 " CFU/Day) 385026
Median Percentile Existing TMDL  Percent Reduction
High 5.01 percent 75672.88  25878.40 65.80 percent
Mod-Low 40.00 percent 10205.20 1948.91 80.90 percent
‘ Total 72.56 percent
Load (10 " CFU/Day) 385027
Median Percentile Existing TMDL  Percent Reduction
High 5.01 percent 313563.80 36551.77 88.34 percent
Mod-Low 40.00 percent 3318.10 1803.85 45.64 percent
‘ Total 85.79 percent
Load (10 " CFU/Day) 384216
Median Percentile Existing TMDL  Percent Reduction
High 5.01 percent 126473.63  37682.24 69.86 percent
Moderate 40.00 percent 5084.41 1859.64 63.42 percent
Low
Total 68.60 percent

lThe average percent reductions shown are estibasesl on available data and reasonable assumptidresre to be used as
a guide for implementation. eTactual reductions needed to meet the applicaterwuality standards may be higher or
lower depending on the resoftBiture monitoring.
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Appendix F
US EPA Region 8 Public Notice Review and Comments



EPA REGION VIII TMDL REVIEW

TMDL Document Info:

Document Name: Fecal Coliform Bacteria TMDL - MapleRiver and
Tributaries, North Dakota

Submitted by: Mike Ell, North Dakota Department of Health

Date Received: August 3, 2009

Review Date: August 27, 2009

Reviewer: Vern Berry, EPA

Rough Draft / Public Notice / | Public Notice Draft

Final?

Notes:

Reviewers Final Recommendation(s) to EPA Administréused for final review oniy

[ ] Approve

[ ] Partial Approval

[ ] Disapprove

[ ] Insufficient Information
Approval Notes to Administrator:

This document provides a standard format for EPgi&te8 to provide comments to state TMDL
programs on TMDL documents submitted to EPA fdnesiformal or informal review. All TMDL
documents are evaluated against the minimum sulamissquirements and TMDL elements identified in
the following 8 sections:

1. Problem Description
1.1. TMDL Document Submittal Letter
1.2. Identification of the Waterbody, Impairments, artiddy Boundaries
1.3. Water Quality Standards
2. Water Quality Target
3. Pollutant Source Analysis
4. TMDL Technical Analysis
4.1. Data Set Description
4.2. Waste Load Allocations (WLA)
4.3. Load Allocations (LA)
4.4. Margin of Safety (MOS)
4.5. Seasonality and variations in assimilative capacity
Public Participation
Monitoring Strategy
Restoration Strategy
Daily Loading Expression

© NG

Under Section 303(d) of the Clean Water Act, waidrés that are not attaining one or more water
guality standard (WQS) are considered “impaired/hen the cause of the impairment is determined to
be a pollutant, a TMDL analysis is required to asgbe appropriate maximum allowable pollutant
loading rate. A TMDL document consists of a techhanalysis conducted to: (1) assess the maximum
pollutant loading rate that a waterbody is ablagsimilate while maintaining water quality standgard

and (2) allocate that assimilative capacity amdmgkinown sources of that pollutank well written

TMDL document will describe a path forward that nieeyused by those who implement the TMDL
recommendations to attain and maintain WQS.



Each of the following eight sections describesfntors that EPA Region 8 staff considers when
reviewing TMDL documents. Also included in eachtgm is a list of EPA’S minimum submission
requirements relative to that section, a brief samynof the EPA reviewer’s findings, and the reviewe
comments and/or suggestions. Use of the verb “nmusgite minimum submission requirements denotes
information that is required to be submitted beeatselates to elements of the TMDL required by th
CWA and by regulation. Use of the term “should”dyeldenotes information that is generally necessary
for EPA to determine if a submitted TMDL is apprbia

This review template is intended to ensure compébanith the Clean Water Act and that the reviewed
documents are technically sound and the conclusiomgechnically defensible.

1. Problem Description

A TMDL document needs to provide a clear explamatibthe problem it is intended to address.
Included in that description should be a definifpggtrayal of the physical boundaries to which the
TMDL applies, as well as a clear description ofithpairments that the TMDL intends to address and
the associated pollutant(s) causing those impaitsnéivhile the existence of one or more impairment
and stressor may be known, it is important thadraprehensive evaluation of the water quality be
conducted prior to development of the TMDL to erstivat all water quality problems and associated
stressors are identified. Typically, this stepasducted prior to the 303(d) listing of a watenpod
through the monitoring and assessment program.dé&bignated uses and water quality criteria for the
waterbody should be examined against availabletdateovide an evaluation of the water quality
relative to all applicable water quality standartfsas part of this exercise, additional WQS peofs are
discovered and additional stressor pollutantsdestified, consideration should be given to corentty
evaluating TMDLs for those additional pollutant§it is determined that insufficient data is aadile to
make such an evaluation, this should be notedd DL document.

1.1 TMDL Document Submittal Letter

When a TMDL document is submitted to EPA requestimgal comments or a final review and
approval, the submittal package should includdtarledentifying the document being submitted amal t
purpose of the submission.

Minimum Submission Requirements.

X A TMDL submittal letter should be included with &aEMDL document submitted to EPA requesting a fdrma
review.

X The submittal letter should specify whether the TiMibcument is being submitted for initial reviewdan
comments, public review and comments, or finaleevand approval.

[ Each TMDL document submitted to EPA for final reviand approval should be accompanied by a submittal
letter that explicitly states that the submittahifnal TMDL submitted under Section 303(d) of thlean Water
Act for EPA review and approval. This clearly editeties the State's/Tribe's intent to submit, and'EButy to
review, the TMDL under the statufehe submittal letter should contain such identifyinformation as the
name and location of the waterbody and the polt(gaf concern, which matches similar identifying
information in the TMDL document for which a reviésvbeing requested.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The public notice draft Maple River fecal colifoffMDL was submitted to EPA for review
during the public notice period via an email fronkMEIl, NDDoH on August 3, 2009. The email
included the draft TMDL document and a public netmnouncement requesting review and comment.

COMMENTS: None



1.2 Identification of the Waterbody, Impairments, and Study Boundaries

The TMDL document should provide an unambiguougiiietson of the waterbody to which the TMDL
is intended to apply and the impairments the TMBIntended to address. The document should also
clearly delineate the physical boundaries of thtevimdy and the geographical extent of the watershe
area studied. Any additional information needetidgdhe TMDL document back to a current 303(d)
listing should also be included.

Minimum Submission Requirements:

X The TMDL document should clearly identify the ptéint and waterbody segment(s) for which the TMDL is
being established. If the TMDL document is subexitto fulfill a TMDL development requirement for a
waterbody on the state’s current EPA approved 30&f the TMDL document submittal should clearly
identify the waterbody and associated impairmemt$shey appear on the State's/Tribe's current &ipoved
303(d) list, including a full waterbody descripti@ssessment unit/waterbody ID, and the prioritkirzg of the
waterbody. This information is necessary to ensigiethe administrative record and the nationalDILM
tracking database properly link the TMDL documentite 303(d) listed waterbody and impairment(s).

X One or more maps should be included in the TMDLudoent showing the general location of the waterbody
and, to the maximum extent practical, any othetufes necessary and/or relevant to the understgdithe
TMDL analysis, including but not limited to: wateesd boundaries, locations of major pollutant sosirogajor
tributaries included in the analysis, location afrpling points, location of discharge gauges, lase patterns,
and the location of nearby waterbodies used toigeosurrogate information or reference conditio@sear and
concise descriptions of all key features and tredationship to the waterbody and water qualityadsdtould be
provided for all key and/or relevant features regiresented on the map

[ If information is available, the waterbody segmienivhich the TMDL applies should be identified/geo-
referenced using the National Hydrography Datdsel). If the boundaries of the TMDL do not corresg
to the Waterbody ID(s) (WBID), Entity ID informaticor reach code (RCH_Code) information should be
provided. If NHD data is not available for the esiody, an alternative geographical referencingesyshat
unambiguously identifies the physical boundarieslhich the TMDL applies may be substituted.

Recommendation:
[0 Approve [X Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Maple River its tributaries are a stream sydtarated in LaMoure and Dickey
Counties, in south central North Dakota. MapleeRig part of the larger James River basin in the E
sub-basin (HUC 10160004). The North Dakota segseniaple River and Maple Creek flow
approximately 125 miles until it reaches the shatader with South Dakota, and the total drainage &
286,560 acres. There are five 303(d) listed setgrafrMaple River, they include: 1) Maple Creeknfro
its headwaters to its confluence with the MapleeR(fxD-10160004-022-S_002) South Fork Maple
River from its confluence with three tributariesndstream to its confluence with the Maple RiveD{
10160004-015-S_003) Maple River from Schlect-Thom Dam downstregants confluence with Maple
Creek (\D-10160004-026-S_Q04) Maple River from its confluence with Maplegék to its confluence
with the South Fork Maple RiveND-10160004-013-S_Qpand 5) Maple River from its confluence with
the South Fork Maple River downstream to the NDisiBder ND-10160004-002-S_Q0 All five
segments are listed as high priority for TMDL depghent.

The designated use for the listed segments of thgldvRiver and its tributaries are based on theLdla
stream classification in the ND water quality stami$ (NDCC 33-15-02.1-09). The segments were
included on the ND 2008 303(d) list for fecal coiih bacteria which is impairing primary contact
recreation uses.

COMMENTS: The maps in Figures 2 and 5 are useful to a poirttthey lack the labels needed to clearly
identify each listed segment. We found it difficta tell which shaded area corresponds with which
listed segment without using Google maps or othegpsmot included in the TMDL to find, for example,
what part of the watershed contains Schlect-Thom.D#e recommend adding additional landmarks
and segment labels to one or more of the mapsiif#DL document.



1.3 Water Quality Standards

TMDL documents should provide a complete descniptibthe water quality standards for the
waterbodies addressed, including a listing of thgighated uses and an indication of whether the aree
being met, not being met, or not assessed. Ismdated use was not assessed as part of the TMDL
analysis (or not otherwise recently assessedjjabhaments should provide a reason for the lack of
assessment (e.g., sufficient data was not avaitglitds time to assess whether or not this detegnase
was being met).

Water quality criteria (WQC) are established asmamonent of water quality standard at levels
considered necessary to protect the designatedagsigmed to that waterbody. WQC identify
quantifiable targets and/or qualitative water gyajoals which, if attained and maintained, arended

to ensure that the designated uses for the watgidredprotected. TMDLSs result in maintaining and
attaining water quality standards by determinirgdbpropriate maximum pollutant loading rate totmee
water quality criteria, either directly, or througlsurrogate measurable target. The TMDL document
should include a description of all applicable wapeality criteria for the impaired designated uaed
address whether or not the criteria are beingregthinot attained, or not evaluated as part oatfadysis.

If the criteria were not evaluated as part of thalgsis, a reason should be cited ( e.g. insufitcilata
were available to determine if this water qualitigerion is being attained).

Minimum Submission Requirements:

XI The TMDL must include a description of the applieaBtate/Tribal water quality standard, includihg t
designated use(s) of the waterbody, the applicalneeric or narrative water quality criterion, ahe anti-
degradation policy. (40 C.F.R. §130.7(c)(1)).

XI The purpose of a TMDL analysis is to determineasgimilative capacity of the waterbody that coroes}s to
the existing water quality standards for that waadely, and to allocate that assimilative capacityveen the
significant sources. Therefore, all TMDL documemisst be written to meet the existing water quality
standardd$or that waterbody (CWA 8303(d)(1)(C)).

Note: In some circumstances, the load reductionsrdened to be necessary by the TMDL analysis mayep
to be infeasible and may possibly indicate thatekisting water quality standards and/or assessment
methodologies may be erroneous. However, the TWDét still be determined based on existing wataitityu
standards. Adjustments to water quality standamid/or assessment methodologies may be evaluated
separately, from the TMDL.

X The TMDL document should describe the relationlgpiveen the pollutant of concern and the waterityual
standard the pollutant load is intended to mediis information is necessary for EPA to evaluatethbr or
not attainment of the prescribed pollutant loadiwgkresult in attainment of the water quality istkard in
question.

X If a standard includes multiple criteria for thdlptant of concern, the document should demonsttetethe
TMDL value will result in attainment of all relatenliteria for the pollutant. For example, both tecand
chronic values (if present in the WQS) should berassed in the document, including consideration of
magnitude, frequency and duration requirements.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Maple River segments addressed by these TMBL srgpaired based on fecal coliform
concentrations for primary contact recreationakuddaple River and its tributaries are Classridans.
Numeric criteria have been developed for Clastrélasns for fecal coliform bacteria. Fecal coliform
bacteria standards have been established andawa &h Table 8 below. Discussion of additional
applicable water quality standards for Maple Riz&n be found on pages 8 and 9 of the TMDL.



COMMENTS: None.

2. Water Quality Targets

TMDL analyses establish numeric targets that aeel s determine whether water quality standards are
being achieved. Quantified water quality targetermpoints should be provided to evaluate eatddlis
pollutant/water body combination addressed by T, and should represent achievement of
applicable water quality standards and supporssbeated beneficial uses. For pollutants with eicn
water quality standards, the numeric criteria ameegally used as the water quality target. Foupsoits
with narrative standards, the narrative standaodlshbe translated into a measurable value. At a
minimum, one target is required for each pollutaatér body combination. It is generally desirable,
however, to include several targets that represeimevement of the standard and support of beraéfici
uses (e.g., for a sediment impairment issue it b@agppropriate to include a variety of targets
representing water column sediment such as TSSdaeiness, stream morphology, up-slope conditions
and a measure of biota).

Minimum Submission Requirements:

X The TMDL should identify a numeric water qualitydet(s) for each waterbody pollutant combinatidie
TMDL target is a quantitative value used to measuhiether or not the applicable water quality stadds.
attained.

Generally, the pollutant of concern and the numeriter quality target are, respectively, the cheahzausing
the impairment and the numeric criteria for thaeafical (e.g., chromium) contained in the water gyal
standard. Occasionally, the pollutant of concesifferent from the parameter that is the sub@dhe
numeric water quality target (e.g., when the palhitof concern is phosphorus and the numeric wabadity
target is expressed as a numerical dissolved oxggaarion). In such cases, the TMDL should expldie
linkage between the pollutant(s) of concern, anutess the quantitative relationship between the Th#Dget
and pollutant of concern. In all cases, TMDL taymust represent the attainment of current wateity
standards.

[0 When a numeric TMDL target is established to ensheeattainment of a narrative water quality ciiter the
numeric target, the methodology used to deterniaentimeric target, and the link between the paltuté
concern and the narrative water quality criteribawdd all be described in the TMDL document. Any
additional information supporting the numeric targed linkage should also be included in the docitme

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The water quality targets for this TMDL are basedle numeric water quality standards
for fecal coliform bacteria based on the primargtect recreational beneficial use for Maple Rived a
its tributaries. The target for the Maple Rivegrsents included in the TMDL document is the fecal
coliform standard expressed as the 30-day geonra@an of 200 CFU/100 mL. While the standard is
intended to be expressed as the 30-day geometdn,rtiee target was used to compare to values from
single grab samples. This ensures that the rexhgctiecessary to achieve the target will be priggeof
both the acute (single sample value) and chromor{getric mean of 5 samples) standards.



COMMENTS: None.

3. Pollutant Source Analysis

A TMDL analysis is conducted when a pollutant leg#énown or suspected to be exceeding the loading
capacity of the waterbody. Logically then, a TMBhalysis should consider all sources of the pailuta
of concern in some manner. The detail providetthénsource assessment step drives the rigor of the
pollutant load allocation. In other words, it islyppossible to specifically allocate quantifiabdads or
load reductions to each significant source (or @@eategory) when the relative load contributiamfr
each source has been estimated. Therefore, thegmlload from each significant source (or source
category) should be identified and quantified ® teximum practical extent. This may be
accomplished using site-specific monitoring datadeating, or application of other assessment
techniques. If insufficient time or resources available to accomplish this step, a phased/adaptiv
management approach may be appropriate. The appsbauld be clearly defined in the document.

Minimum Submission Requirements:

X The TMDL should include an identification of allteatially significant point and nonpoint sources uf
pollutant of concern, including the geographicakltion of the source(s) and the quantity of thelilog, e.g.,
Ibs/per day. This information is necessary for BB A&valuate the WLA, LA and MOS components of the
TMDL.

X The level of detail provided in the source assess$isigould be commensurate with the nature of thenshed
and the nature of the pollutant being studied. Wlitds possible to separate natural backgroumch fnonpoint
sources, the TMDL should include a descriptionathithe natural background loads and the nonpoimtce
loads.

X Natural background loads should not be assumed thebdifference between the sum of known and dfieht
anthropogenic sources and the existingituloads (e.g. measured in stream) unless it carebeustrated that
all significant anthropogenic sources of the palfitof concern have been identified, characteriaad,
properly quantified.

X The sampling data relied upon to discover, charaeteand quantify the pollutant sources shoulihickided
in the document (e.g. a data appendix) along widkskription of how the data were analyzed to dtaraze
and quantify the pollutant sources. A discussiothefknown deficiencies and/or gaps in the dataseéttheir
potential implications should also be included.

Recommendation:
[0 Approve [X Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The TMDL document includes the following landusedkdown in the watershed: 66
percent cropland under active cultivation, and 8&ent pasture/rangeland, CRP, hayland or low gensi
development. The nonpoint source assessmentfidsritie significant contributor of the fecal cofifn
load in the watershed as primarily coming fromltreuses where livestock grazing and feeding
operations are located in the watershed. A tdtaB8 animal feeding areas were identified in thaplé
River watershed.

There is one point source located in the Maple Rivetershed which is from the Edgeley wastewater
treatment facility (WWTF). Edgeley’s dischargdrizm a population of 650, and is to an ephemeral
stream at the headwaters of Maple River. Duedcthall size and location of the discharge it is
considered a negligible source of fecal coliformdimg. There are also 3 permitted concentratanaini
feeding operations (CAFOs) and 15 permitted anfeeding operations (AFOSs) in the watershed. Their
permits require no discharge so they are not censitisignificant point sources in the TMDL document

COMMENTS : The potential pathogen contributions from septi&teyns should be considered and
explained in the document. If most of the townghimwatershed do not have centralized wastewater
collection systems, then septic systems can bepatteontributors. Also, as part of the implensitn
plan for this TMDL we recommend that the permitpeint sources (i.e., Edgeley WWTF, 3 CAFOs and



15 AFOs) in the watershed be inspected to ensatdtihy are being operated in compliance with their
permit conditions, and to verify that they aremdnificant fecal coliform sources.

4. TMDL Technical Analysis

TMDL determinations should be supported by a robasa set and an appropriate level of technical
analysis This applies t@ll of the components of a TMDL document. It is Wtainportant that the
technical basis faall conclusions be articulated in a manner that igyeasderstandable and readily
apparent to the reader.

A TMDL analysis determines the maximum pollutarading rate that may be allowed to a waterbody
without violating water quality standards. The TMBnalysis should demonstrate an understanding of
the relationship between the rate of pollutant logahto the waterbody and the resultant waterigual
impacts. This stress@ response relationship between the pollutant apaiment and between the
selected targets, sources, TMDLs, and load allocatheeds to be clearly articulated and suppostethb
appropriate level of technical analysis. Everpdfghould be made to be as detailed as possitietoa
base all conclusions on the best available sciemqtifnciples.

The pollutant loading allocation is at the hearthef TMDL analysis. TMDLs apportion responsibility
for taking actions by allocating the available askitive capacity among the various point, nonpaanid
natural pollutant sources. Allocations may be egped in a variety of ways, such as by individual
discharger, by tributary watershed, by source rd lase category, by land parcel, or other apprtgria
scale or division of responsibility.

The pollutant loading allocation that will resultachievement of the water quality target is exgedsn
the form of the standard TMDL equation:

TMDL= LAs+ WLAs+MOS

Where:
TMDL = Total Pollutant Loading Capacity of the wddedy
LAs = Pollutant Load Allocations

WLAs = Pollutant Wasteload Allocations
MOS = The portion of the Load Capacity allocai@the Margin of safety.

Minimum Submission Requirements:

X A TMDL must identify the loading capacity of a weiedy for the applicable pollutant, taking into
consideration temporal variations in that capaciERA regulations define loading capacity as tleatgst
amount of a pollutant that a water can receive auitlviolating water quality standards (40 C.F.R3@2(f)).

XI The total loading capacity of the waterbody shdiéctlearly demonstrated to equate back to the faolidoad
allocations through a balanced TMDL equation. nstances where numerous LA, WLA and seasonal TMDL
capacities make expression in the form of an eqouatimbersome, a table may be substituted as biigsa
clear that the total TMDL capacity equates to tine ®f the allocations.

[0 The TMDL document should describe the methodolagytechnical analysis used to establish and quyatiéf
cause-and-effect relationship between the numerget and the identified pollutant sources. In masyances,
this method will be a water quality model.

X Itis necessary for EPA staff to be aware of assuasptions used in the technical analysis to undedsand
evaluate the methodology used to derive the TMDuevand associated loading allocations. Theretboee,
TMDL document should contain a description of amportant assumptions (including the basis for those
assumptions) made in developing the TMDL, includbug not limited to:



(1) the spatial extent of the watershed in which thpaimed waterbody is located and the spatial exiént
the TMDL technical analysis;

(2) the distribution of land use in the watershed (eudan, forested, agriculture);

(3) a presentation of relevant information affecting tharacterization of the pollutant of concern isd
allocation to sources such as population charatiesj wildlife resources, industrial activitieg et;

(4) present and future growth trends, if taken intosideration in determining the TMDL and preparing
the TMDL document (e.g., the TMDL could include thesign capacity of an existing or planned
wastewater treatment facility);

(5) an explanation and analytical basis for expresgiagr MDL through surrogate measures, if
applicable. Surrogate measures are parametersasywrcent fines and turbidity for sediment
impairments; chlorophyt and phosphorus loadings for excess algae; lerfgiharian buffer; or
number of acres of best management practices.

X The TMDL document should contain documentation sujipg the TMDL analysis, including an inventory of
the data set used, a description of the methodalsegy to analyze the data, a discussion of streragtth
weaknesses in the analytical process, and thetsdsain any water quality modeling used. This infiation is
necessary for EPA to review the loading capacitgmheination, and the associated load, wasteloatipaargin
of safety allocations.

X TMDLs must take critical conditions (e.g., steaow] loading, and water quality parameters, seaggnal
etc...) into account as part of the analysis of Ingdiapacity (40 C.F.R. 8130.7(c)(1) ). TMDLs shodédine
applicable critical conditions and describe therapph used to determine both point and nonpointcgou
loadings under such critical conditions. In patacuthe document should discuss the approachtosed
compute and allocate nonpoint source loadings, meteorological conditions and land use distrifuti

[0 Where both nonpoint sources and NPDES permittet gources are included in the TMDL loading allomat
and attainment of the TMDL target depends on rédanstin the nonpoint source loads, the TMDL documen
must include a demonstration that nonpoint sowadihg reductions needed to implement the loadations
are actually practicable [40 CFR 130.2(i) and 12@&.

Recommendation:
[0 Approve [X Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The technical analysis should describe the causefiect relationship between the
identified pollutant sources, the numeric targats] achievement of water quality standards. Itukho
also include a description of the analytical preessused, results from water quality modeling,
assumptions and other pertinent information. Huohrical analysis for the Maple River watershed
TMDL describes how the fecal coliform loads wereivdet in order to meet the applicable water quality
standards for the 303(d) impaired stream segments.

The TMDL loads and loading capacities were deriwsithg the load duration curve (LDC) approach. To
better correlate the relationship between the mtuof concern and the hydrology of the SectioB(8D
listed waterbody, a LDC was developed for each tnang site within the five listed segments. All

LDCs were derived using the 200 CFU/100 mL TMDILg#dr(i.e., state water quality standard), the daily
flow record obtained or synthesized for each sitel the observed fecal coliform data collected ftben

six water quality monitoring stations (see Figuref he TMDL document) from 2000 through 2006.

Mean daily flows for the period January 1, 200@tigh December 5, 2006 were used in the development
of the flow duration curve and LDC for site 3843Muple River at the ND-SD border). This data was
obtained from the collocated USGS gauge site (0BdQ)(see Appendix B of the TMDL document). For
sites 385023, 385024, 385025, and 385026 the nabnfldw record used in flow duration curve
development and in the development of the loadtaur&urve was synthesized using regression
relationships developed for each site. Simple limegression relationships were developed for s#eh
using the measured flows at each site paired Wweltorresponding flow at the USGS site for the same
day. Using the daily flow record for the USGS sitethe dependent variable a corresponding daily flo
was estimated for each site.

For each flow regime and each site, a linear raegragelationship was developed between the samples
above the TMDL target (200 CFU/100 mL) curve arglplercent exceeded flow. The linear regression
line was then used with the percent exceeded didheto calculate existing total fecal coliformdiaria



load for each flow regime and site as well as tltal fecal coliform load for each flow regime antgs
necessary to reach the TMDL target concentratid206f CFU/100 mL.

Developing the TMDL loads for segment ND-10160004-%_00 was complicated by the lack of a
monitoring site within the listed segment. Exigtinads and TMDL loads for this waterbody for each
flow regime were, therefore, estimated by averatfiegestimated existing loads for each site
immediately upstream (385023, 385024, and 38502%)dawnstream (385026). The TMDL target load
for each flow regime was then calculated (see TaBlm the TMDL document).

Each LDC was divided into 2 or 3 distinct flow negis. The resulting curves represent a flow-vagiabl
TMDL target across the flow regimes shown in theOlMdocument. For each Maple River and
tributary segment covered by the TMDL document,tB€ is a dynamic expression of the allowable
load for any given daily flow. Loading capacitiwere derived from this approach for each segment at
each flow regime. Tables 12, 15, 16, 17, and B8vshe loading capacity loads (or TMDL loads) for
each listed segment of the Maple River and itaitabes.

COMMENTS: It is not clear why 2 or 3 flow zones were usethi LDCs for these TMDLs. Page 11 of
the document explairt®ow the flow regimes were defined for each site, lmerplanation is given for
why 2 or 3 zones were used. A brief explanation of @toy 3 flow zones were used (e.g., based on the
shape of the curve, no flow at low end of curve) should be added to the document.

From the information provided on page 12 of theuthoent, it is not clear how the linear regressiaor Is
used in determining the required percent reductimesled for LDC. NDDoH is asked to clarify the
information and include a description as to howpbecent reduction calculation is made using tieal
regression line. Was the midpoint of each flowezased to find the point on the regression line to
represent the current load, and the midpoint of LID€ used to represent the loading capacity? Then
difference between the two was used to derive énegmt reductions shown in Appendix E?

4.1 Data Set Description

TMDL documents should include a thorough descriptiad summary of all available water quality data
that are relevant tthe water qualitpssessment and TMDL analysis. An inventory ofdduia used for

the TMDL analysis should be provided to documenntflie record, the data used in decision making.
This also provides the reader with the opportuttitindependently review the data. The TMDL analysi
should make use of all readily available data lierwaterbody under analysis unless the TMDL writer
determines that the data are not relevant or apiptep For relevant data that were known but tegkc

an explanation of why the data were not utilizeduith be provided (e.g., samples exceeded holding
times, data collected prior to a specific date wereconsidered timely, etc...).

Minimum Submission Requirements:

X TMDL documents should include a thorough descripdad summary of all available water quality dagt t
are relevant to the water quality assessment anDLT &halysis such that the water quality impairmearts
clearly defined and linked to the impaired beneficises and appropriate water quality criteria.

XI The TMDL document submitted should be accompaniethé data set utilized during the TMDL analysis.
possible, it is preferred that the data set beigealin an electronic format and referenced indbeument. If
electronic submission of the data is not possible data set may be included as an appendix tdatement.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Maple River TMDL data description and summasyiacluded tables throughout the
document for all five listed segments. The reeeaier quality monitoring was conducted over thequer
from January 2000 to December 2006 and includetbhaf 629 fecal coliform samples. The data set
also includes the 7 years of flow record on the Ed&giver from the USGS gauging site at the ND-SD



border. Stream discharge measurements were dlsoted at four other locations in the watershéte
flow data was used to develop a load duration cufeethe Maple River and tributary segments

COMMENTS: None.

4.2 Waste Load Allocations (WLA):

Waste Load Allocations represent point source peariuloads to the waterbody. Point source loa€s ar
typically better understood and more easily moeilcaind quantified than nonpoint source loads.
Whenever practical, each point source should bengivseparate waste load allocation. All NPDES
permitted dischargers that discharge the pollutader analysis directly to the waterbody should be
identified and given separate waste load allocatidhe finalized WLAs are required to be incorpedat
into future NPDES permit renewals.

Minimum Submission Requirements:

X EPA regulations require that a TMDL include WLAs &l significant and/or NPDES permitted point stes
of the pollutant. TMDLs must identify the portioftbe loading capacity allocated to individual ¢ixig and/or
future point source(s) (40 C.F.R. §130.2(h), 40.R.B130.2(i)). In some cases, WLAs may cover ntloa@
one discharger, e.qg., if the source is containgdimva general permit. If no allocations are tanede to point
sources, then the TMDL should include a value ob Zer the WLA.

XI All NPDES permitted dischargers given WLA as pdrthe TMDL should be identified in the TMDL,
including the specific NPDES permit numbers, tlggiographical locations, and their associated waat
allocations.

Recommendation:
X1 Approve [ Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : There is one point source located in the Maple Riegershed which is from the Edgeley
wastewater treatment facility (WWTF). Edgely’saharge is from a population of 650, and is to an
ephemeral stream at the headwaters of Maple Ribae to the small size and location of the disclairg

is considered a negligible source of fecal coliféoading. There are also 3 permitted concentrated
animal feeding operations (CAFOs) and 15 permgigdhal feeding operations (AFOSs) in the watershed.
Their permits require no discharge so they areansidered significant point sources in the TMDL
document. Therefore, the WLA for this TMDL is zero

COMMENTS: None.

4.3 Load Allocations (LA):

Load allocations include the nonpoint source, redf@nd background loads. These types of loads are
typically more difficult to quantify than point sae loads, and may include a significant degree of
uncertainty. Often it is necessary to group tHeads into larger categories and estimate the hopidites
based on limited monitoring data and/or modelirsyits. The background load represents a composite
of all upstream pollutant loads into the waterbottyaddition to the upstream nonpoint and upstream
natural load, the background load often includestrepm point source loads that are not given specif
waste load allocations in this particular TMDL ays#$. In instances where nonpoint source loadibesr
are particularly difficult to quantify, a performegrbased allocation approach, in which a detailed
monitoring plan and adaptive management strateggiaployed for the application of BMPs, may be
appropriate.

Minimum Submission Requirements:



X EPA regulations require that TMDL expressions idellLAs which identify the portion of the loadingpegity
attributed to nonpoint sources and to natural bamkgd. Load allocations may range from reasonattyiate
estimates to gross allotments (40 C.F.R. §130.2(g)rd allocations may be included for both erigtand
future nonpoint source loads. Where possible, ibxtations should be described separately farraht
background and nonpoint sources.

X Load allocations assigned to natural backgrounddadould not be assumed to be the difference kettie
sum of known and quantified anthropogenic souroelsthe existingn situloads (e.g., measured in stream)
unless it can be demonstrated that all signifieentiropogenic sources of the pollutant of concenretbeen

identified and given proper load or waste loadctmns

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The TMDL document includes the following landusedkdown in the watershed: 66
percent cropland under active cultivation, and 8&ent pasture/rangeland, CRP, hayland or low gensi
development. The nonpoint source assessmentfidsritie significant contributor of the fecal colifn
load in the watershed as primarily coming fromltreuses where livestock grazing and feeding
operations are located in the watershed. A tdtaBO animal feeding areas were identified in thephé
River watershed. Tables 12, 15, 16, 17, and 1®she load allocations for each listed segmenhef t
Maple River and its tributaries, at 2 or 3 diffdriaw regimes. Specific non-point sources of pttin

and their potential to contribute total fecal amiih bacteria loads under high, medium and low flow
regimes in the Maple River watershed are desciibd@éble 9 of the TMDL document.

COMMENTS: None.

4.4 Margin of Safety (MOS):

Natural systems are inherently complex. Any mattgakrelationship used to quantify the stresgor
response relationship between pollutant loadingsrand the resultant water quality impacts, noenatt
how rigorous, will include some level of uncertgiand error. To compensate for this uncertainty an
ensure water quality standards will be attainadasgin of safety is required as a component of each
TMDL. The MOS may take the form of a explicit loallbcation (e.g., 10 Ibs/day), or may be implicitl
built into the TMDL analysis through the use of servative assumptions and values for the various
factors that determine the TMDL pollutant lc®dwater quality effect relationship. Whether explar
implicit, the MOS should be supported by an appetgrievel of discussion that addresses the level o
uncertainty in the various components of the TMBthinical analysis, the assumptions used in that
analysis, and the relative effect of those asswmpton the final TMDL. The discussion should
demonstrate that the MOS used is sufficient to enthat the water quality standards would be atthih
the TMDL pollutant loading rates are met. In casbere there is substantial uncertainty regardieg t
linkage between the proposed allocations and aehient of water quality standards, it may be necgssa
to employ a phased or adaptive management app(eaghestablish a monitoring plan to determine if
the proposed allocations are, in fact, leadindnéodesired water quality improvements).

Minimum Submission Requirements:

X TMDLs must include a margin of safety (MOS) to amcbfor any lack of knowledge concerning the
relationship between load and wasteload allocatamswater quality (CWA 8303(d)(1)(C), 40 C.F.R.
§130.7(c)(1) ). EPA's 1991 TMDL Guidance expldimst the MOS may be implicit (i.e., incorporatetbithe
TMDL through conservative assumptions in the ang)yar explicit (i.e., expressed in the TMDL asdo®ys
set aside for the MOS).

[ If the MOS is implicit the conservative assumptions in the analysisabetunt for the MOS should be
identified and described. The document should diseuhy the assumptions are considered conservative
and the effect of the assumption on the final TMiRllue determined.

X If the MOS is explicit the loading set aside for the MOS should be ifledt The document should
discuss how the explicit MOS chosen is relatedhéouncertainty and/or potential error in the linkag
analysis between the WQS, the TMDL target, anditi®L loading rate.




[1 If, rather than an explicit or implicit MOS, the TMDelies upon a phased approaectdeal with large
and/or unquantifiable uncertainties in the linkagalysis, the document should include a descripifahe
planned phases for the TMDL as well as a monitoplag and adaptive management strategy.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Maple River TMDL includes explicit MOSs for dalésted segment derived by
calculating 10 percent of the loading capacity e Ehplicit MOSs for the listed segments of the Mapl
River watershed are included in Tables 12, 151¥6and 18.

COMMENTS: None.

4.5 Seasonality and variations in assimilative cajpdy:

The TMDL relationship is a factor of both the loaglirate of the pollutant to the waterbody and the
amount of pollutant the waterbody can assimilatk il attain water quality standards. Water gyal
standards often vary based on seasonal considesaticherefore, it is appropriate that the TMDL
analysis consider seasonal variations, such asatfitow periods (high flow, low flow), when
establishing TMDLs, targets, and allocations.

Minimum Submission Requirements:

X The statute and regulations require that a TMDlestablished with consideration of seasonal variatid he
TMDL must describe the method chosen for includiegsonal variability as a factor. (CWA 8303(d)(2)@D
C.F.R. 8130.7(c)(1) ).

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : By using the load duration curve approach to dgvéte TMDL allocations, seasonal
variability in fecal coliform loads are taken irdocount. Highest steam flows typically occur dgriate
spring, and the lowest stream flows occur durirgwimter months. Also, the TMDL is seasonal since
the fecal coliform criteria are in effect from Mayto September 30, therefore the TMDLSs are only
applicable during that period.

COMMENTS: None.

5. Public Participation

EPA regulations require that the establishmentMDLs be conducted in a process open to the public,
and that the public be afforded an opportunityddipipate. To meaningfully participate in the TMD
process it is necessary that stakeholders, indudi@mbers of the general public, be able to unaledst
the problem and the proposed solution. TMDL doausishould include language that explains the
issues to the general public in understandablesteamwell as provides additional detailed technica
information for the scientific community. Notifitans or solicitations for comments regarding the
TMDL should be made available to the general publidely circulated, and clearly identify the pradu
as a TMDL and the fact that it will be submittedBBA for review. When the final TMDL is submitted
to EPA for approval, a copy of the comments reaklgthe state and the state responses to those
comments should be included with the document.

Minimum Submission Requirements:
X The TMDL must include a description of the publarficipation process used during the developmethef

TMDL (40 C.F.R. §130.7(c)(1)(ii).)



[0 TMDLs submitted to EPA for review and approval sldanclude a summary of significant comments aral th
State's/Tribe's responses to those comments.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The TMDL document includes a summary of the pupdidicipation process that has
occurred. It describes the opportunities the puidid to be involved in the TMDL development praces
Copies of the draft TMDL document were mailed sikeholders in the watershed during public
comment. Also, the draft TMDL document was postiedNDoDH’s Water Quality Division website,
and a public notice for comment was published ur ftewspapers.

COMMENTS: None.

6. Monitoring Strategy

TMDLs may have significant uncertainty associatéithwhe selection of appropriate numeric targets an
estimates of source loadings and assimilative égpaln these cases, a phased TMDL approach may be
necessary. For Phased TMDLs, it is EPA’s expemtdtiat a monitoring plan will be included as a
component of the TMDL document to articulate theangeby which the TMDL will be evaluated in the
field, and to provide for future supplemental datat will address any uncertainties that may extstn

the document is prepared.

Minimum Submission Requirements:

X When a TMDL involves both NPDES permitted pointregs) and nonpoint source(s) allocations, and
attainment of the TMDL target depends on reductiarthe nonpoint source loads, the TMDL document
should include a monitoring plan that describesatihditional data to be collected to determine éf ited
reductions provided for in the TMDL are occurring.

I Under certain circumstances, a phased TMDL appro@hbe utilized when limited existing data aréewt|
upon to develop a TMDL, and the State believesttimuse of additional data or data based on betigytical
techniques would likely increase the accuracy efitiMDL load calculation and merit development aegond
phase TMDL. EPA recommends that a phased TMDL ehectt or its implementation plan include a
monitoring plan and a scheduled timeframe for ievief the TMDL. These elements would not be ariristc
part of the TMDL and would not be approved by EBAt may be necessary to support a rationale for
approving the TMDL. http://www.epa.gov/owow/tmdltinclarification_letter.pdf

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : Implementation of best management practices (BMRd)technical assistance are specified
in the Section 319 Maple River Watershed Restand®imject. To make sure those BMPs are successful
in reducing fecal coliform bacteria loadings todksvprescribed in the TMDL document, water quality
monitoring is being conducted in accordance witlapproved Quality Assurance Project Plan (QAPP).
As prescribed in the QAPP, weekly monitoring isnigetonducted at four sites for fecal coliform baete
and E. coli. The sampling began in October 20@Dwiti continue through June 2010.

COMMENTS: None.

7. Restoration Strategy

The overall purpose of the TMDL analysis is to dsiee what actions are necessary to ensure that the
pollutant load in a waterbody does not result itevguality impairment. Adding additional detail
regarding the proposed approach for the restorafievater quality is noturrently a regulatory



requirement, but is considered a value added coemaf a TMDL document. During the TMDL
analytical process, information is often gained thay serve to point restoration efforts in théatig
direction and help ensure that resources are spémt most efficient manner possible. For example
watershed models used to analyze the linkage battieeepollutant loading rates and resultant water
quality impacts might also be used to conduct “wfiacenarios to help direct BMP installations to
locations that provide the greatest pollutant réidns. Once a TMDL has been written and approited,
is often the responsibility of other water quafitypgrams to see that it is implemented. The lefel
quality and detail provided in the restoration tetgy will greatly influence the future success ¢hiaving
the needed pollutant load reductions.

Minimum Submission Requirements:

XI EPA is not required to and does not approve TMDplementation plans. However, in cases where a WLA
dependent upon the achievement of a LA, “reasoreddarance” is required to demonstrate the negeksar
called for in the document is practicable). A dission of the BMPs (or other load reduction meagutet are
to be relied upon to achieve the LA(s), and programd funding sources that will be relied upomiplement
the load reductions called for in the document, imayncluded in the implementation/restorationisecdf the
TMDL document to support a demonstration of “reads@ assurance”.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : In response to the Maple River Watershed Assessm@edtin anticipation of this completed
TMDL, local sponsors successfully applied for aeadeived Section 319 funding for the Maple River
Watershed Restoration Project. Beginning in Oct@0, local sponsors have been providing technical
assistance and implementing BMPs designed to rdfdgeébacteria loadings and to help restore the
beneficial uses of the Maple River (i.e., recragtioater quality data has been collected to nooihd
track the effects of BMP implementation as welt@pidge overall success of the project in reducing
fecal coliform bacteria loadings. A QAPP has dlsen developed as part of this watershed restaoratio
project that details the how, when and where manigowill be conducted to gather the data needed to
document success in meeting the TMDL implementagimal(s). As the data are gathered and analyzed,
watershed restoration tasks will be adapted, iéssary, to place BMPs where they will have thetgeta
benefit to water quality and in meeting the TMDLayg). All permitted CAFOs (greater than or eqoal
1000 animal units) are inspected annually by théNB. Permitted AFOs (<1000 animal units) in the
Maple River watershed are inspected as needed.

COMMENTS: None.

8. Daily Loading Expression

The goal of a TMDL analysis is to determine whatas are necessary to attain and maintain WQS.
The appropriate averaging period that correspamtisis goal will vary depending on the pollutantan
the nature of the waterbody under analysis. Wieétsng an appropriate averaging period for a TMDL
analysis, primary concern should be given to thareeaof the pollutant in question and the achieveme
of the underlying WQS. However, recent federalegtp court decisions have pointed out that the titl
TMDL implies a “daily” loading rate. While the miobagppropriate averaging period to be used for
developing a TMDL analysis may vary according t® plollutant, a daily loading rate can provide aenor
practical indication of whether or not the overakded load reductions are being achieved. When
limited monitoring resources are available, a daibding target that takes into account the natural
variability of the system can serve as a usefutatdr for whether or not the overall load reducti@re
likely to be met. Therefore, a daily expressionhaf required pollutant loading rate is a requigtsinent

in all TMDLs, in addition to any other load avenagiperiods that may have been used to conduct the
TMDL analysis. The level of effort spent to deyelbe daily load indicator should be based on the
overall utility it can provide as an indicator fibie total load reductions needed.

Minimum Submission Requirements:



X The document should include an expression of th®Th terms of a daily load. However, the TMDL may
also be expressed in temporal terms other thay @ai., an annual or monthly load). If the docatne
expresses the TMDL in additional “non-daily” terthe document should explain why it is appropriate o
advantageous to express the TMDL in the additionélof measurement chosen.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Maple River fecal coliform TMDL document inckeldaily loads expressed as
colonies per day for the five listed segments enlatershed. The daily TMDL loads are included in
TMDL section (Section 7.0) of the document.

COMMENTS: None.



Appendix G

NDDoH’s Response to Comments Received
from the US EPA Region 8



EPA REGION 8 COMMENT : The maps in Figures 2 and 5 are useful to a pbuttthey lack the labels
needed to clearly identify each listed segment. foved it difficult to tell which shaded area
corresponds with which listed segment without uskagpgle maps or other maps not included in the
TMDL to find, for example, what part of the wateeshcontains Schlect-Thom Dam. We recommend
adding additional landmarks and segment labelsiéoas more of the maps in the TMDL document.

NDDoH Response:Figure 2 has been revised with additional detdihdgg the Section 303(d) TMDL
listed segments and their sub-watersheds. Theefigigo includes monitoring sites and the USGS flow
gauging site. Figure 5 has been removed as idwpbcative with the information provided in Figuze

Figure 1 has also been modified to better des¢hibdocation of the Maple River watershed.

EPA Region 8 Comment: The potential pathogen contributions from septstays should be
considered and explained in the document. If mb#te towns in the watershed do not have
centralized wastewater collection systems, thetisspstems can be potential contributors. Also, a
part of the implementation plan for this TMDL weoenmend that the permitted point sources (i.e.,
Edgeley WWTF, 3 CAFOs and 15 AFOs) in the waterdtethspected to ensure that they are being
operated in compliance with their permit conditioasd to verify that they aren’t significant fecal
coliform sources.

NDDoH Response:The following paragraph describing the potentialffoled septic systems to
contribute was added to Section 4.0:

“Failing septic systems or direct discharge sews@ems which contribute to fecal coliform
bacteria contamination may also be located withenwatershed. While their specific location
and potential for fecal coliform loading are unkmgwhese systems may be associated with
isolated single-family dwellings and farmsteadsated throughout the watershed or within small
towns located within the watershed that do not legentralized sewer system (e.g., Merricourt,
Fullerton and Monango).”

In addition, additional language dealing with thieaation to septic systems was added to Sectidn 8.
It read as follows:

“Septic System- Septic systems provide an economically feasilalg of disposing of

household wastes where other means of waste treatireeunavailable (e.g., public or private
treatment facilities). The basis for most sepygtems involves the treatment and distribution of
household wastes through a series of steps inypthia following:

1. A sewer line connecting the house to a septik ta

2. A septic tank that allows solids to settle duthe effluent

3. A distribution system that dispenses the effidera leach field
4. A leaching system that allows the effluent tteethe soil

Septic system failure occurs when one or more corapis of the septic system do not work
properly and untreated waste or wastewater ledneesyistem. Wastes may pond in the leach
field and ultimately run off directly into nearbireams or percolate into groundwater.
Untreated septic system waste is a potential safroatrients (nitrogen and phosphorus),
organic matter, suspended solids, and fecal califoacteria. Land application of septic system
sludge, although unlikely, may also be a sourcenotamination.

Septic system failure can occur for several regsatisough the most common reason is
improper maintenance (e.g. age, inadequate pump{@ter reasons for failure include



improper installation, location, and choice of syst Harmful household chemicals can also
cause failure by killing the bacteria that digémst waste. While the number of systems that are
not functioning properly is unknown, it is estimatbat 28 percent of the systems in North
Dakota are failing (USEPA, 2002).”

The last paragraph of Section 11.0, Restoraticat&y, was rewritten to further describe how
implementation will include the inspection of pettad facilities.

EPA Region 8 Comment:lt is not clear why 2 or 3 flow zones were useth@ LDCs for these
TMDLs. Page 11 of the document expldmsv the flow regimes were defined for each site, mt n
explanation is given fowhy 2 or 3 zones were used. A brief explanation of &toy 3 flow zones were
used (e.g., based on the shape of the curve, waatitow end of curve, etc) should be added to the
document.

From the information provided on page 12 of theuhoent, it is not clear how the linear regressioe li
is used in determining the required percent redastneeded for LDC. NDDoH is asked to clarify the
information and include a description as to howgbecent reduction calculation is made using the
linear regression line. Was the midpoint of edotvfzone used to find the point on the regression |
to represent the current load, and the midpoihT line used to represent the loading capacityfenr
the difference between the two was used to dehggercent reductions shown in Appendix E?

NDDoH Response:An additional section was added to Section 5.0hf@al Analysis. This new
section, added as Section 5.2, describes the floatidn curve analysis, which is a precursor tololael
duration curve analysis. This new section dessritmv the flow intervals used in the load duration
curve are selected.

Additional language was also added to the “Loadalon Curve Analysis” section, now 5.3, which
describes with an example of how the existing altiDT loads are calculated from the regression line
and the TMDL target curve. This section also dessrhow the midpoint for the flow interval is
selected.



