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1.0 INTRODUCTION

This TMDL study has been prepared for the Price River, San Rafael River, and Muddy Creek watersheds.
Thesethree watersheds encompass a large portion of the West Colorado Watershed Management Unit
located in eastentral Utah. Water quality assessments completed by the Utah Department of
Environmental Quality, Division of Water Quality (DEQ) in 1997 resulteddveral stream segments in
these watersheds being |Iisted on the Utahods 303 (
that primarily due to high concentrations of total dissolved solids (TDS) several portions and/or
tributaries of the PriceRiver its headwaters and the Green River are-sumporting or partially
supporting of their agricultural use classifications. Additionally, for certain smaller river sections, pH,
dissolved oxygen (DO), and dissolved iron (Fe) are also cited as caugiagment. The water quality
assessment performed by the DEQ, which was also supported by water quality sampling performed by the
Emery County Water Conservancy District (EWCD), also revealed that agricultural use classifications are
not being supported iseveral stream segments in the San Rafael and Muddy Creek watersheds as a result
of high concentrations of TDS in these waters. The impaired stream segments in the watershed are listed
in Table 11.

Section 303 (d) of the Clean Water Act requires statédentify waterbodies not currently meeting water
quality standards after technoleggised controls are in place. Consequently, states are required to have
TMDLs established in order to attain water quality standards for impaired waters. The TMDLskstbli
allowable loadings for pollutants for a given waterbody. Although pH, dissolved oxygen (DO), and iron
(Fe) have also been cited as causing water quality impairments in the Price River and one tributary (see
Table 11), the focus of this TMDL study iEDS. As described in Section 3.1 of this report, analyses of
available data indicate that there are no impairmetribitable to DO and pH (Toof2003).

This section of the report describes the purposes of this TMDL study, the watersheds studilee, and
associated water quality impairments. Section 2 of this report describes the applicable water quality
standards and the establishment of target sites and a TMDL endpoint. Section 3 discusses the assessment
of the current water quality in the wateesls and impairment analysis. Section 4 addresses the sources of
TDS loading in the watersheds. Section 5 describes the methods that were used to establish TDS loading

capacity, and Section 6 describes the TMDL allocations required to meet establishecemdifioints.




Table 1-1

Impaired Stream Segments in the Price River,

Watersheds due to TDS loadings

San Rafael, and Muddy Creek

Price River Watershed

San Rafael River Watershed

Muddy Creek Watershed

Non-supporting segments

Non-supporting segments:

Non-supporting segments:

Gordon Creek and tributaries
from confluence with Price River
to headwatefs

Huntington Creek tributaries from the
confluence with Cottonwood Creek to
Utah highway 10

Muddy Creek and its tributaries
from Quitchupah Creek confluence
to the UtalHighway 10 bridge

Pinnacle Creek from confluence
with Price River to headwatérs

Huntington Creek and tributaries from
Highway 10 crossing to USFS
boundary

Quitchupah Creek from confluence
with Ivie Creek to the UtaRlighway
10 bridge

PriceRiver and tributaries from
confluence with Green River to
near Woodside

Cottonwood Creek from the conénce
with Huntington Creek to lhway 57

Ivie Creek and its tributaries from
the confluence with Muddy Creek t
UtahHighway 10

Price River and tribatries from
near Woodsid&o Soldier Creek
confluence

Rock Canyon Creek from confluence
with Cottonwood Creek to headwatel

Muddy Creek from the confluence
with Fremont River to Quitchupah
Creek confluence

UpperGrassy Trail Creek from
Grassy Trail CreeReservoir to
headwater$

San Rafael River from Buckhorn
Crossing to the confluence with
Huntington Creek and Cottonwood
Creek

Partially-supporting segments

San Rafael River from the confluence
with the Green River to Buckhorn
Crossing

Price Riverand its tributaries
from Coal Creek to Carbon Cang
Diversion

Source: DEQZ000

1. Allimpairments are due to measured TDS concentrations and also dissolved oxygen and iron concentrations as noted.

2. Nonsupport is defined as TDSiteria that wer@xceeded at least two times and the criterion was exceeded in more than 25% of the samples.

Partial support for TDS is defined as criterion that was exceeded at least two times and the criterion was exceedbdnrlofrbut less

than 25% of the samgd.
3. Includes impairment for DO and Fe

4. This reach is listed in DEQ (2000) as impaired due to pH. More recent information indicates that itnpaired and DEQ has petitioned
for delisting in thedraft Utah 2004 303 (d) list of waters
5. RockCanyon Creek is not listed as impaired in DEQ (2000) but the available data indicate that there is impairment from TDS.
6. GordonCreek is not listed in DEQ (2000) but recent information indicates that there is impairment from TDS.

7. This reach is notdted in DEQ (2000), but is included in the draft Utah 2004 303(d) list of waters.

8. Pinnacle Creek was originally listed as Gordon Creek

1.1 Watershed Characterization

The Price River, San Rafael River, and Muddy Creek watersheds, which collectively méleeWpdt
Colorado River Watershed (WCRW) TMDL, are located in-eastral Utah, approximately 100 miles
southeast of Salt Lake City (Map 1). The WCRW is generally encompassed within Carbon and Emery
counties and is approximately 100 miles in length nartkouth and 65 miles in length east to west (Map

2). Elevations within the WCRW range from approximately 3,700 feet to 11,000 feet.
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The Price River is the northernmost river in the WIZRt is approximately 50 miles long and discharges
into the Green River above Green River, Utah. The San Rafael River, located further south, is
approximately 55 miles long and empties into the Green River below Green River, Utah. Muddy Creek,
the soutlkernmost river in the WCRW, is approximately 40 miles long and empties into the Dirty Devil
River. The Green and Dirty Devil Rivers ultimately empty into the Colorado River. Smaller hierarchy
streams in the WCRW include Gordon Creek in the Price Riveerslad; Huntington Creek,
Cottonwood Creek, Rock Canyon Creek, and Ferron Creek in the San Rafael River waterdhed;
Quitchupah Creek and Ivie Creek in the Muddy Creek watershed. The WCRW contains approximately
2,550 perennial stream milesOf this toal, approximately 1,986 stream miles were assessed for

beneficial use by the DEQXEQ 2000.
1.1.1 Land Use and Administration

Current land uses in the WCRW are agriculture (crop production and rangeland), mixed use public lands,
and gas and coal productioFhere is a small amount of forest production in the higher elevations of the
WCRW.

Based on data from the USGS (2000), existing land uses in the WCRW were groupeyéngeneral
land use categories. Current land use distributions for the threeshedsrin the WCRW are given in

Table 12.

Table 1-2 Land Use Distributions in the WCRW
Price River watershed |San Rafael River watershe{ Muddy Creek watershed
Land Use Area (acres) % of Area (acres) % of Area (acres) % of total
total areq total area area
Barren 91,737 7.0% 328,767 12% 225,932 13%
Residential 3,812 <1% 2,877 <1% 1,105 <1%
Agriculture 16,341 <1% 20,202 1% 4,618 <1%
Rangeland 792,271 66% 1,022,531 73% 662,453 75%
Forest 300,125 24% 179,300 13% 97,309 11%
Water 1,954 <1% 1,982 <1% 173 <1%
Wetland 228 <1% 304 <1% 192 <1%
TOTAL 1,206,468 100.0% 1,555,963 100% 991,782 100%

SourcelUSGS 2000




Approximately 73 percent of the land in the WCRW is administered by three federal agencies: the U.S.
Forest Service (USFS), the Bureau ohtldManagementBLM), and the National Park Service (NPS).

The State of Utah administers about 11 percent of the WCRW, while 16 percent is privately owned land.
Land administration types and acreages for the three watersheds are listed in3abeds3, 4, and 5

show the land administrative ownership for the threevgatiersheds in the WCRW.

Table 1-3 WCRW Land Ownership/Administration

Land Price watershed San Rafael watershed Muddy Creek watershed
Ownership/ Area % Area % Area %
Administrator (acres) of area (acres) of area (acres) of area
USFS 86,656 7% 335,920 21% 196,980 20%
BLM 532,559 44% 915,885 59% 644,929 65%
State of Utah 143,131 12% 160,256 10% 85,399 8%
Private 424,861 35% 138,847 9% 46,313 5%
Nat Parks/Mon. 0 0% 45 <1% 17,571 2%
State Parks/Rec. Are 0 0% 393 <1% 0 0%
State Wildlife Areas 15,604 1% 1,171 <1% 0 0%
Water 3,133 <1% 2,778 <1% 91 <1%
TOTAL 1,205,944 100% 1,555,295 100% 991,283 100%

Source: DEQ 2000

1.1.2 Geology

1.1.2.1 Physiography and Topography

The WCRW is located in thaorthwestern portion of the Colorado Plateau physiographic province,
within the Mancos Shale Lowlands (Stokes 1986). The Mancos Shale Lowlands is characterized by
sloping, gravetovered pediments, rugged badlands and narrowbdiamed alluvial vallgs (Stokes

1986). The Mancos Shale Lowlands is bounded by the Book -Blifésn Plateau to the north, the San
Rafael Swell to the southeast, and the Wasatch Plateau to the west. The BodRo@liffBlateau is a

series of erosional cliffs, including theo8k Cliffs, Roan Cliffs and Badland Cliffs that separate the
Mancos Shale Lowlands from the Uinta Basin to the northeast. The San Rafael Swell, an anticline
structure of uplifted and exposed Paleozoic and Cretaceous rocks (Stokes 1986), is approXdmately 8
miles long and 30 miles wide. The Wasatch Plateau is primarily sedimentary rock that contains zones of
normal faulting, which forms long, narrow horst and graben structures. The Joes Valley Fault system is

found along the eastern edge of the Wasatake®l and separates it from the Mancos Shale Lowlands.
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1.1.2.1 Stratigraphy and Structure

Stratigraphic units in the WCRW include exposed igneous and sedimpemits that range from Triassic

to Tertiary in age (Map 6). The exposed rocks include limestone, sandstone, shale, conglomerate, coal,
and various types of igneous rocks. Units of the Mesaverde Group form the distinct cliffs along the
northern and waern edge of the WCRW. Within the Mesaverde Group is thebeaaing Blackhawk
Formation. The Mancos Shale Formation is exposed in the middle reaches of the WCRW. Within the
Mancos Shale, the Ferron Sandstone Member is a source of coal and groun8watainding the San

Rafael Swell are the Dakota Sandstone, Morrison Formation, Entrada Sandstone, Navajo Sandstone, and

Chinle Shale units.
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1.1.2.2 Mancos Shale and Blackhawk Formation

Due to their geochemical composition, rangf exposure in the WCRW, and erodability from physical
contact with water, the Mancos Shale and Blackhawk Formations present natural sources of soluble salts.
Both are similar in composition in that they contain dwoedring beds, formed in coasmhrine
environments, and are predominately shale units. Through mineral dissolution and cation/anion exchange,
shale and coal beds are a known contributor of increased TDS in surface water and groundwater (Freeze
and Cherry 1979).

The Mancos Shale Formatios a known source of soluble soditgulfate minerals such as mirabilite
(N&SQ, 10H,0) and thenardite (N8Q,) (Waddell et al. 1979). Thickness of the Mancos Shale ranges
from 2,300 to 6,100 feet. It consists of six members, the Upper Blue Gate, Eanelistéhe, Blue Gate,

Garley Canyon Sandstone, Ferron Sandstone, and Tununk Shale, that were deposited from the
transgression and regression of coastal marine environments (BLM 2000, Frazier and Schwimmer 1987).
The Upper Blue Gate Member is a light toldgray shale and shaley siltstone with minor thin sandstone
beds. The Emery Sandstone consists of two-dgnaéned, light brown quartzose sandstones with an
average thickness of 285 feet. A gray, thadded shale averaging 35 to 50 feet thick sepattadetsvo
sandstones units. The Blue Gate Member consists of light bluish gragettied shale and shaley
siltstones that range in thickness from 1,600 to more than 3,500 feet (BLM 1999). The Garley Canyon
Sandstone consists of two thin, cliff forming datone beds, separated by shale, which ranges in
thickness from 70 to 220 feet (BLM 1999). The Ferron Sandstone consists of alternatingdgitaial
sandstones and thick coals, which range in thickness from 250 to 490 feet (BLM 2000). Deposition of the
Ferron Sandstone occurred by a repeating series of wave and river dominated shorelines, delta plains, and
bog swamp facies (BLM 1994). The Tununk Shale consists of liglttarkgray, thinbedded shale and

shaley siltstones that range in thickness 4@ to 650 feet (BLM 2000).

The Blackhawk Formation of the Mesaverde Group is an important largdeadhg formation. It

consists of bedded quartzose sandstones with shaley siltstone, shale, carbonaceous shale, and coal beds
that intertongue with andmh-out into the Mancos Shale (BLM 1997, Hettinger and Kirschbaum 2002).
Thickness of the Blackhawk Formation ranges from 700 feet to approximately 1,250 feet (BLM 1999,
Hettinger and Kirschbaum 2002). Maps 7, 8, and 9 show the geologic formatidms florete watersheds

in the WCRW.
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Map 9
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Soils

Information regarding soils data was taken from the Natural Resource Conservation Service (NRCS
2003). Soil serieshat dominate the WCRW are Casmos, Hanksville, Moenkopie, Nakai, Sheppard, and
Strych. These soils can be characterized by the parent material and the climatic zones in which they were

formed.

Higher elevations in the WCRW (8,000 to 11,000 feet), wheseatlerage annual precipitation ranges

from 2240 inches per year, have developed deeper soil profiles than lower elevation areas, where the
average annual precipitation ranges fro@i@iches per year. The loamy soils in the higher elevations are
generaly well drained, exhibit moderately rapid permeability, and relatively high organic matter content.
Although slopes range from 20 to 70 percent in the upper regions of the WCRW, the high percentage of
vegetative cover in these areas holds the soil in platigh elevation soils were derived mainly from
igneous material and are thus low in soluble salts. Therefore, these soils provide little TDS loading into
stream segments in the WCRW. Land use in the higher elevations of the WCRW is centered on forestry
and livestock grazing. These soils are predominantly represented by Bundo, Castino, Midfork, Skylick,

and Trag soil series.

The middle portions of the WCRW are dominated by soils that were derived predominately from marine
shale deposits. Slopes in theea range from 0 to 10 percent, and the mean annual precipitation is
approximately 7 inches. The shale derived soils, along with the underlying shale deposits in these areas,
are a significant source of TDS loading in WCRW streams. Water moving whthisdil profile can
dissolve salts and convey them to the streams in surface runoff and via groundwater. Groundwater in
contact with the underlying shale formations provides an additional source of TDS loading in WCRW

streams.

Soils in the middle portio of the WCRW, where most of the irrigated agricultural land is located, are
dominated by two distinctly different soil textural types: silty clay loams and sandy clay loams. The silty
clay loam soils are represented by the Billings, Chipeta, PenoyeslaR®altair and Killpack soil series.

These soils are fine textured, exhibit slow permeability and moderate to rapid runoff, and are thus
susceptible to erosion caused by irrigation and intense thunderstorms. The soluble salt content of these
soils rangs from 0.08 to 2.1 percent and is due to the shaly parent material from which they were
derived. The sandy clay loams are represented by the Sanpete and-Bangiedy soil series. These

soils contain a significant amount of sand, exhibit moderatepid @ermeability and slow runoff, and

have soluble salt contents ranging from 0.02 to 0.7 percent.
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Lower portions of the WCRW are dominated by soils that are derived primarily from sedimentary and
igneous rocks. The soils derived from sedimentary natare generally calcareous in nature and are

therefore also a potential source of TDS loading in the lower portions of the WCRW. Slopes in the lower
region range from 0 to 60 percent. Permeability and runoff from these soils is moderate. Landisise in th

portion of the WCRW is associated with livestock grazing.
1.1.3 Vegetation

The amount of precipitation, along with slope aspect, generally determines the type of vegetation found in
the WCRW. Vegetation cover ranges from spruce, fir, and aspen at higbesticgls, where precipitation
averages nearly 30 inches per year, to cheatgrass, ricegrass, blackbrush, greasewood, and atriplex at lower
elevations, where the average annual precipitation is about 7 inches per yealewdtibn areas, where

the annualprecipitation averages from b inches per year, are dominated by juniper, sagebrush,
rabbitbrush, and ricegrass.

The distribution and occurrence of some of the lower elevation species, notably greasewood and atriplex,
is somewhat controlled by theomcentration of salt in the soil. These species can withstand salt
concentrations in excess of 10,000 parts per million (Skougard and Brotherson 1979), well above the

threshold for nossalt tolerant species.
1.1.4 Climate

The average annual precipitation awéw elevations in the WCRW ranges from over 9 inches at Price to
less than 8 inches at Emery. Lower elevations of the WCRW receive most of the yearly total
precipitation in the spring and summer months. Summer precipitation is generally from localéresk |
thunderstorms that may cause erosion due to increased runoff. Higher elevations in the Wasatch Plateau
receive in excess of 30 inches per year, 70 percent of which falls in the G&phidime period (USGS

1986a). Winter precipitation in the VIRBV usually is in the form of snow. The accumulation of snow,
especially in the higher elevations, provides support for plant communities at the base of the mountains as
well as along river courses. Runoff from snowmelt is used for irrigation purposeisjpatiuse, and by

industry.

Average daily temperatures in the WCRW range from approximately 8 to 90 degrees Fahrenheit (Western
Regional Climate Center 2003). Temperature and precipitation data for Price, Ferron, and Emery are

summarized in Tables4, 1-5, and 16 and Figures-1, 1-2, and 12, respectively.
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Table 1-4 Price Temperature and Precipitation Data(19682000)

Month Max(imum Miniomum Moean Maximum Minimum ' Mean
F F F (in./month) [ (in./month) [ (in./month)

January 36.9 13.4 25.1 2.57 0 0.8
February 42.8 19.7 31.2 3.81 0 0.76
March 52.5 27.6 40.1 2.38 0 0.74
April 63.2 34.6 48.9 2.01 0 0.53
May 72.5 42.9 57.7 2.34 0 0.73
June 83.8 52.1 68.1 2.41 0 0.61
July 90 58.3 74.2 3.14 0.01 0.9
August 88.4 57 72.7 4.21 0.02 1.07
September 79.5 48.1 63.9 3.12 0 1.1
October 64.8 37.5 51 4.34 0 1.32
November 49.5 25.7 37.3 3.47 0 0.6
December 40.1 16.7 28.4 1.51 0 0.48
ANNUAL 63.7 36.1 49.9 17.46 5.83 9.65

(Data source: Western Regional Climate Cerzé03.)

Price, Utah
Period of Record 1968-2000
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Figure 1-1 Mean monthly precipitation at Price, Utah, 19682000
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Table 1-5

Ferron Temperature and Precipitation Data (19482000)

Month Maxgmum Miniomum Moean Maximum Minimum .Mean

F F F (in./mo) (in./mo) (in./mo)

January 35.8 11.1 23.5 2.65 0 0.67
February 41.7 17.2 29.4 2.41 0 0.59
March 51 25.3 38.2 1.88 0 0.61
April 60.7 33.3 47 2.3 0 0.5
May 70.6 42.4 56.5 2.24 0.03 0.74
June 80.7 51.1 65.9 1.95 0 0.5
July 87.3 57.8 72.5 3.47 0.01 0.89
August 84.9 55.4 70.2 3.14 0.01 1.12
September 77.3 46.7 62 4.36 0 0.96
October 65.6 35.3 50.4 2.64 0 0.84
November 49.6 22.9 36.3 2.73 0 0.55
December 38.4 14 26.2 1.71 0 0.5
ANNUAL 62 34.4 48.2 13.82 5.03 8.47

(Data source: Western Regional Climate Cepd83.)

Precipitation

Ferron, Utah
Period of Record 1948-2000
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Figure 1-2

Mean Monthly Precipitation at Ferron, Utah, 19482000

2C




Table 1-6

Emery Temperature and Precipitation Data (19011978)

Month Max(imum Miniomum Moean Maximum Minimum ' Mean
F F F (in./month) | (in./month) | (in./month)
January 36.7 10.9 23.9 2.5 0 0.47
February 42 16.1 29.1 3.01 0 0.5
March 49.7 22.8 36.2 1.97 0 0.43
April 59.3 30 44.6 2.6 0 0.39
May 68.8 37.8 53.3 4 0 0.6
June 77.6 45.4 61.5 3.34 0 0.51
July 83.2 52.2 67.7 4.26 0 0.83
August 81.3 50.7 66 5.47 0 1.12
September 74.4 42 58.2 3.48 0 0.9
October 63.3 32.3 47.8 3.87 0 0.81
November 49.7 21.6 35.7 2 0 0.33
December 39.3 13.5 26.4 1.7 0 0.44
ANNUAL 60.4 31.3 45.9 16.84 0.94 7.33
(Data source: Western Regional Climate Cef@3.)
Emery, Utah

Precipitation

Period of Record 1901-1978
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Figure 1-3

Mean monthly precipitation at Emery, Utah, 19011978
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2.0 UTAH WATER QUALITY S TANDARDS AND TMDL TA RGET SITES/ENDPOINTS

The purpose of a TMDL is to attain and maintain applicable water quality standards. The TMDL
specifies the maximum amount of a pollutant that a body of waterezamive in order to meet these

goals.

In order to evaluate the attainment of acceptable water quality, measurabieaim endpoints must be
established. These endpoints may be narrative or numeric criteria, and represent the water quality goals
that ae to be met by load reductions specified in the TMDL. The criteria for this TMDL are based on
Utah state water quality standards (UAC 2003). Target sites represent those locations along the streams
in the WCRW where constituent loads are calculated #indated to upgradient sources contributing

load to the target site. In this TMDL, target sites were selected downgradient of the three distinguishable
land uses in each of the watersheds: 1) upper forest lands, 2) middle agricultural and urban @%es, and
BLM rangeland. The target sites were selected at locations where there was sufficient chemical and flow

data to allow for the calculation of constituent loads.
2.1 Water Quality Standards

Water quality standards applicable to streams within the WCRW anprised of designated uses and
numeri cal criteria. Narrative standards, as well
Additionally, streams in the WCRW are protected by requiremerfsagfosed Water Quality Standards

for Salinity ircluding Numeric Criteria and Plan of Implementation for Salinity Control, Colorado River
SystenfJune 1975) and subsequent supplements and revisions.

2.1.1 Use Designations

The DEQ has classified the waters in the State of Utah so as to protect the bersd&idesignated
within each stream reach. These classifications and associated beneficial uses are presented in Table 2.1.
The beneficial use classification assigned to the Price River, San Rafael River, Muddy Creek, and their

tributaries are presentedTiable 22.
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Table 2-1 Utah Water Quality Classifications/Beneficial Uses

Class 1A: Reserved
Class 1 Class 1B: Reserved

Protected for uses as a raw water source for domestic water systems

Class 1C: Protected for domestic purposes with prior treatmengdtynent
processes as required by the Utah Division of Drinking Water

Recreational and aesthetic use
Class 2

or similar uses

Class 2A: Protected for primary contact recreation such as swimming
Class 2B: Protected for secondary contact recreation such as boating, w

Protected for use by aquatic wildlife

food chain

Class 3 their food chain

necessary aquatic organisms in their food chain

necessary aquatic organisms in their food chain
Class 3E: Severely habithitnited waters

Class 3A: Protected for cold water species of game fish and other cold w
aquatic life, including the necessary aquatic organisms in their

Class 3B: Protected for warm water spsmf game fish and other warm
water aquatic life, including the necessary aquatic organisms i

Class 3C: Protected for n@game fish and other aquatic life, including

Class 3D: Protected favaterfowl, shore birds, and other waterented
wildlife not included in Classes 3A, 3B or 3C, including the

Class 4 Protected for agricultural uses includinggation of crops and stock watering

Class 5 aquatic wildlife, and mineral extraction

The Great Salt Lake. Protected for primary and secondary contact recreatio

Source: Utah Administrative Code (UAC) R326

Table 2-2 Use Classifications Assigned t8tream Segments in the WCRW

Use

Stream Segment Classifications
Gordon Creek and tributaries from confluence with Price River to headwaters 1C, 2B, 3A,4
Pinnacle Creek from confluence with Price River to headwaters 1C, 2B, 3A, 4
Grassy Trail Creek anmibutaries from Grassy Trail Creek reservoir to headwaters 1C, 2B, 3A, 4
Price River and tributaries from confluence with Green River to near Woodside 2B, 3C, 4
Price River and tributaries from near Woodsid&addier Creek confluence 1C, 2B, 3A, 4
Price River and tributaries from Coal Creek to Carbon Canal Diversion 1C, 2B, 3A, 4
Portion of Lower Grassy Trail Creek 2B, 3C, 4
Huntington Creek and tributaries from Utah Highway 10 to headwaters 1C, 2B, 3A, 4
Huntington Creek and tributaries from tbenfluence with Cottonwood Creek to Utah
highway 10 2B, 3C, 4
Cottonwood Creek from the confluence with Huntington Creek to highway 57 2B, 3C, 4
San Rafael River from Buckhorn Crossing to the confluence with Huntington Creel
Cottonwood Creek 2B, 3C,4
San Rafael River from the confluence with the Green River to Buckhorn Crossing 2B, 3C, 4
Muddy Creek and its tributaries from Quitchupah Creek confluence to the Utah hig
10 bridge 2B, 3C, 4
Muddy Creek from the confluence with Fremont River tot€uipah Creek confluence 2B, 3C, 4
Quitchupah Creek from confluence with Ivie Creek to the Utah highway 10 bridge 2B, 3C, 4
Ivie Creek and its tributaries from the confluence with Muddy Creek to Utah highwa 2B, 3C, 4

Source: Utah Administrative CeUAC) R3172-13.1
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2.1.2 Numeric Criteria

Numeric criteria, set forth in Utah Administrative Code (UAC) R21T4, have been promulgated for

each of the beneficial use classes assigned to waters in the State. Of the use classifications assigned to the
streamsn the WCRW, numeric criteria for TDS only apply for agricultural use (beneficial use class 4).

The numeric criterion for TDS in the WCRW streams is 1,200 mg/L. Although this numeric criterion has
been established, Section R3%14 of the UAC provideshat TDS limits may be adjusted if the
adjustment does not impair the beneficial use of the receiving water.

2.1.3 Narrative Standards

In addition to numeric criteria, narrative standards set forth at UACR31Z also apply to the WCRW
streams. These narrativstandards generally address the discharge or placement of wastes or other
substances in a waterbody that are offensive, that will cause conditions that produce undesirable aquatic
life or tastes in edible aquatic organisms, that result in undesiraldefdgical responses in aquatic life,

or that produce undesirable human health effects.

2.1.4 Antidegradation Policy

The Statebs antidegradat i 3. Ipawatercbpdy has a lseter wafeo r t h
guality than necessary to support its daaied uses, the antidegradation policy requirements dictate that

the existing water quality shall be maintained and protected, unless the State finds that a lowering of
water quality is necessary to accommodate important economic or social developrientaiea in

which the water is located. The antidegradation policy applies to three categories of high quality waters

designated by the State.

Waters in the State designated as High Quality Waté€rategory 1 are listed at UAC R32712.1. As

set forh in UAC R3172-12.1.1, these include all surface waters geographically located within the outer
boundaries of the U.S. National Forests, whether on public or private lands, with limited exceptions.
Portions of Gordon Creek, Huntington Creek, Cottonwooeek, Muddy Creek, and Quitchupah Creek
are located within the outer boundary of the Md&uatiSal National Forest and are, therefore, designated

Category 1, High Quality Waters.
2.1.5 Colorado River Salinity Standards

Due to the concern of the adverse impadtdigh salinity concentrations on water use, the Colorado

River Basin states established the Colorado River Basin Salinity Control Forum in 1973 to address the
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issue of salinity in the Colorado River System. The Forum submitted to the EPA in June €pd& a r
entitled Proposed Water Quality Standards for Salinity Including Numeric Criteria and Plan of
Implementation for Salinity Contrd@olorado River SystemA supplement was issued on August 26,
1975, entitledSupplement, Including Modifications to Prgagal Water Quality Standards for Salinity
Including Numeric Criteria and Plan of Implementation for Salinity Control, Colorado River System,
June 1975 These standards require the development of a plan that would maintain tiveefigved
average annuakbénity at or below 1972 levels. As set forth at UAC R2t4, waters of the Colorado
River and its tributaries shall also be protected by these requirements.

2.2 TMDL Endpoint and Target Sites

This TMDL establishes an endpoint and target sites where loadpegities for TDS are calculated and
allocated to upgradient sources contributing TDS load to a target site. The initial endpoint selected for
this TMDL for TDS is the water quality criterion of 1,200 mg/L. This endpoint may be modified at
selected targt sites to reflect an adjustment in the TDS criterion based on specific site conditions as
allowed for under the Utah water quality standards. The basis for selection-spesitéc criteria for

TDS is discussed in the Project Implementation Plan,wikid\ppendix A of this report.

The Price River, San Rafael River, and Muddy Creek watersheds can be divided into upper, middle, and
lower reaches, based generally on land uses within the watersheds. As discussed in Section 3 of this
report, water qualityn the upper reaches of the watersheds meets TDS water quality standards. Land in
this portion of the watershed is primarily forest lands managed by the BLM or USFS. TDS loading
sources (e.g., Mancos Shale) and activities contributing TDS loading tmstiedhe watersheds (e.qg.,
irrigation) predominantly occur in the middle sections of the watersheds, and it is within and below these
areas where impairment in water quality is first noted. Much of the land in this section of the watershed
is privately avned, and is where the majority of the irrigated land and urban areas are located. Impairment
of water quality is also present in the lower reaches of the watershed. This portion of the watershed is
primarily BLM administered land. Target sites in eactershed were located based on these watershed
characteristics, as well as other considerations. These other considerations included bracketing sources
within defined subwatersheds and the amount and availability of water quality and flow data takeh at a
around the target site locations that allowed for the adequate assessment of water quality in the stream

reaches above the target sites.
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Two target sites were selected for establishing a TMDL in the Price River watershed, five target sites
were selecteth the San Rafael River watershed, and two target sites were selected for the Muddy Creek

watershedThe selected target sites are shown on Map 2
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3.0 WATER QUALITY ASSESSMENTS AND IMPAIRMENT ANALYSIS

Surface water quality and flow data for all three wdtteds within the WCRW were available from a
number of sources, including the U.S. Environmental Protection Agency (USEPA) STORET data
retrieval system (including data collected by the DEQ), the U.S. Geological Survey (USGS), and the
Emery Water ConservancRistrict (EWCD). Together with other available information, such as
watershed characteristics, and permitted discharge monitoring reports, these available data were compiled
and reviewed to evaluate water quality impairment and to identify and chamdherigignificant causes

and sources of TDS loading to surface waters in the WCRW.
3.1 Non-TDS Impairments

While the majority of impaired sections within the WCRW are listed due to TDS, there are also reported
impairments due to pH, iron, and dissolved oxy@2BQ 2000). Only one stream segment, Lower Grassy
Creek Trail (Table 41) is listed as impaired due to pH. This segment is only 1.74 miles in length (DEQ
2000). The review of the STORET data for this segment over the period of 1997 to 2002 indicated that
there are no exceedances (N=11) of the pH criterion (range & @.3or labanalyzed pH samples.
There is a single exceedance (pH=10; June 1998) for a-nfieksured pH value, although the
corresponding lab analyzed pH for that date of 8.53 is withenstindard range. Based on the data
evaluation, this segment of Grassy Creek &howt be listed as pH impaire@EQ is petitioning for
delisting in thedraft Utah 2004 303 (d) list of waters.

The segment of the Price River between Utah DEQ STORET 3{atf8165 (Price River at Woodside)
and 493161 (Price River confluence with Green River) is listed asuqgoorting for Class 3C waters in
the West Colorado Watershed Unit, Water Quality Assessment Report (DEQ 2000). As noted in the Utah
DEQ assessment ref, this segment of the Price River is listed as-sgpporting due to low dissolved
oxygen (DO) and excess dissolved iron. The chronic criterion of Class 3C surface waters for dissolved

oxygen is a minimum of 5.0 mg/L (30 day average) and a dissolvedarcentration of 1.0 mg/L.

This segment of the Price River is located between the San Rafael Swell to the south and the Uinta Uplift
province to the north. Bedrock in this area includes those of the Mancos Shale and Mesa Verde Group.
The Mancos Shale imainly comprised of marine mudstones and siltstones with interbedded sandstone
members that have been found to contain high amounts of soluble salts (Halite, Gypsum) in the shale and
sandstones. The Mesa Verde Group includes sandstones with interbediiechrgahacoal seams.
Sandstone formations within the study area have been found to contatomtaming minerals as part of

their mineralogy.
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DO and iron measurements from Utah DWQ STORET Stations 493165 and 493161 were used for the
assessment repoEQ 2000) and for this study. In order to account for natural sources of dissolved iron,
stations 493281, 493239, and 493253 that are located upstream of 493165 and 493161, and within the
Mancos Shale and Mesa Verde Group formations, were also examinsdmiary of the data is

provided below in Table-3.

Table 31 Segments Listed for Iron and Dissolved Oxygen
STORET Name Period of Number of Range Mean Number of Percent
Station Record Samples Exceedancey Exceedance
Fe DO Fe DO Fe DO Fe DO Fe DO

(mgL) [((mg/L)] (mg/L) | (mg/L) | (mg/L) | (mg/L) |(mgiL)|(mg/L)|(mg/L)*|(mg/L)?

493165 |Price River at 1976- 2002] 47 258 |0.01-1.48| 3.8614.45| 0.13 8.91 33 14 6% 0.4%
Woodside

493161 |Price River at 1980-2002] 19 12 ]0.01:4.49] 4.310.6 0.56 7.43 3° 26 16% 17%
mouth

Notes: 1. Utah DEQ Dissolved Iron Water Quality Criterion of 1.0 mg/L (Class 3C).
2. Utah DEQ Minimum Acute Dissolved Oxygen Water Quality Criterion of 5.0 mg/L (Class 3C)
3. 2/16/1995 (1.2 mg/L),8/8/1995 (1.2 mg/L), 2/3/2000 (1.48 mg/L).
4. 7B0/1998 (3.86 mg/L).
5. 10/21/1997 (4.49 mg./L), 5/25/1998 (1.65 mg/L), 8/19/2001 (2.87mg/L).
6. 6/23/1998 (4.3 mg/L), 10/21/1997 (4.7 mg/L).

Dissolved oxygen measurements from the Lower Price River are summarized in -IatoetBe range

and mean of mearements for the period of record shown. As shown in Tablegtere are some limited
exceedances of the 5.0 mg/L DO minimum set by the Utah DEQ (Tabler®bwever, there have not

been any exceedances of the DO standard at these locations withist tteela years, which indicates

that there are no current impairments based on DO. Based on discussions with Tom Toole of the Utah
Department of Water Quality, these segments will be removed as impairezinext 305(b) listing, and

have been petitionddr delisting in thedraft Utah 2004 303 (d) list of waters.

Dissolved iron measurements from the Lower Price River are summarized in Tabbe e minimum,
maximum, and the mean for the period of record shown. For stations 493165 and 493161 wh&siron
quality standard was exceeded three times during the noted period of sampling. This is equivalent to
exceeding the standard 6 percent and 16 percent of the time. In general, dissolved iron concentrations
increase from station 493165 downstream &tict 493161 at the Price River confluence with the Green
River. Seasonal variations in dissolved iron concentration and natural sources could not be examined in

this study due to the sporadic and limited data available.

Sources of natural dissolved iramclude transport by surface raff and physical contact of the Price
River with the Mancos Shale and formations within the Mesa Verde Group. Precipitation data is reported
as monthly totals; therefore daily raiff associated with daily measurementsrohiexceedances could

not be determined. The Mancos Shale and Mesa Verde Group is encountered in the upper and lower
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reaches of the Price River. Dissolution of imearing minerals from these formations where the Price
River is in contact with the Manc@hale and Mesa Verde Group is a possible contributor to elevated
dissolved iron in the Price River. Since stations 493281, 493253, and 493239 are also located within the
Mancos Shale and Mesa Verde Group, they were analyzed for exceedances of the irqualite
criteria. As shown in Table-3B, iron exceeds the water quality standard once at stations 493281 (6.1
mg/L) and 493253 (6.81 mg/LPBased on the low occurrence of exceedances and lack of identified
sources of iron, all of the reaches listed fmsdlved iron have been delisted in the draft Utah 2004 303

(d) list of waters.

3.2 TDS Impairments- DEQ and EWCD Water Quality and Flow Data

TDS concentrations and flow data were collected by the DEQ at several monitoring sites within each of

the three wates heds i n the WCRW. These data were querie
retrieval system. The data collected at the 26 stations located within the WCRW were not consistent over

the period of record. At times water chemistry and flow data were coljeateer times only water

chemistry or only flow data was collected. The EWCD has collected water chemistry and flow data for

the San Rafael River and Muddy Creek watersheds from 1987 to the present. The EWCD consistently
collected data at each of elevenmnitoring stations during either the second or third week of each month.

Data was also collected at eight additional monitoring stations, but only duringl2Z&@lfrom theDEQ

and EWCD monitoring locations in the Price River, San Rafael River, and Muadk @atersheds are

shown in Figures-3, 32, and 33, respectively. Monitoring station descriptions and period of record for

data at each location are shown in Tablke 3

In addition to the available data, there are several other studies that awedptamcurrently being
conducted that may result in data that can be utilized to update the TMDL in the future. These studies
include intensive sampling being conducted by the Utah DEQ in 2003, aydaeetudy on transit
sources of TDS loading in thea® Rafael River that is being lead by the BLM, and a water balance
salinity study being conducted by Utah State University.
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Table 32 DEQ and EWCD Monitoring Station Descriptions (shown on Maps @, 11, and 12)

Station ID | Station Name | Start | End SamplingEvents
STORET #
493029 San Rafael R. at US 24 crossing 2/22/90 | 12/12/01 60
493034 San Rafael R. at Buckhorn Rd. crossing 6/12/92 | 6/10/98 11
493052 Huntington Cr. above Huntington lagoons odtfal| 4/17/90 | 6/10/98 30
493053 Huntington Cr. above Utah Power and Light 7/29/97 | 11/20/02 15
493080 Ferron Cr. below Ferron lagoons 8/03/90 | 10/17/02 37
493082 Ferron Cr. above Ferron lagoons at US 10 crosy 1/23/90 | 11/21/02 72
493093 Cottonwood Cr. at 8 10 crossing iCastle Dale | 2/20/90 | 6/10/98 32
493095 Cottonwood Cr. above Grimes wash 8/25/97 | 11/20/02 14
493161 Price R. at mouth 6/14/93 | 7/29/02 22
493165 Price R. near Woodside at US 6 crossing 3/21/90 | 8/30/01 55
493239 Price R. above Price WWTR Wellington bridge | 5/10/90 | 8/20/02 25
493253 Gordon Cr. above confluence with Price R. 4/4/90 | 8/20/02 16
493281 Price R. above Price River coal 2/11/92 | 8/21/01 70
493283 White R. at US 6 crossing 1/23/90 | 7/16/02 20
493286 Left fork White R. above USFBoundary 7/24/91 | 11/7/02 30
493288 Right fork White R. at USFS boundary 7/30/93 | 1/15/02 19
493309 Price R. below confluence with White R. 8/25/97 | 10/17/02 14
493332 Grassy Cr. trail above Sunnyside Coal 002 8/1/97 | 9/19/02 11
495500 Muddy Cr. at old U4 crossing 4/18/90 | 9/17/02 70
495530 Muddy Cr. at | 70 crossing 1/23/90 | 8/21/02 88
495543 Quitchupah Cr. above USFS boundary 8/26/97 | 8/21/02 10
593148 Mud Cr. Above Scofield 8/25/97 | 11/21/02 16
593165 Fish Cr. Above Scofield Reservoir 6/10/92 | 8/21/01 21
593176 Ferron Cr. above Millsite Reservoir 6/4/91 | 11/21/02 29
EWCD #°°
1 San Rafael River 1/87 12/01 180
2 Huntington Creek upper 1/87 12/01 180
3 Huntington Creek lower 1/87 12/01 180
4 Cottonwood Creek upper 1/87 12/01 180
5 Cottonwood CreeBott Lane 1/01 12/01 12
6 Cottonwood Creek above Rock Canyon 1/01 12/01 12
7 Cottonwood Creek lower 1/87 12/01 180
8 Rock Canyon Creek upper 10/90 12/01 138
9 Rock Canyon Creek lower 10/90 12/01 138
10 Ferron Creek upper 1/87 12/01 180
11 Ferron Crek lower 1/87 12/01 180
12 Muddy Creek upper 1/87 12/01 180
13 Muddy Creek above lvie Creek 1/01 12/01 12
14 Muddy Creek lower 1/87 12/01 180
15 lvie Creek lower 1/01 12/01 180
16 Grimes Wash upper 1/01 12/01 109
17 Grimes Wash lower 1/01 12/01 12
18 Crandal Canyon Creek upper 1/01 12/01 12
19 Crandal Canyon Creek lower 1/01 12/01 12

. Only data collected after 1990 is presented.
. EWCD monitoring is continuing to the present. Only data through December 2001 was used in the assessmeqniaityviat¢ne WCRW.
. Flow measurements aatso taken at the EWCD locations, and are used in the TMDL.

wWN -
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3.3 Flow Data

The two primary sources of flow data for the watershed are the USGS and the EWCD. As noted in Table
3-2, the EWCD database includestlp flow and chemistry data. Additionally, the USGS has been
measuring flows throughout the WCRW since the early 1900s. Stream flow monitoring station

descriptions and period of record for each USGS locatioeach of the three watersheds in the WCRW

tha has been recently (e,§9902000) sampledre provided in Tables-3, 34, and 35.

Table 3-3 USGS Flow Gages in the Price River Watershed
Date Drainage
Station ID Station Name No. Of flow Area
Start End readings (miZ)
9310500 g:gﬁcezlrgek aboveeservoir, near 6/1/1931 | 9/30/2001 | 23317 | 60.1
9310700 [Vud Creek below Winter Quarters | /5511976 | o/30/2001 | 6991 | 29.1
Canyon at Scofield
9313000 |Price River neaHeiner 6/1/1934 9/30/2001 17689 455
9314500 |Price River at Woodside 12/1/1945 9/30/2001 17566 1540
Table 34 USGS Flow Gages in the San Rafael Watershed
Date Drainage
Site No. Site Name No. Of flow Area
Start End readlngs (mIZ)
9326500  |Ferron Creek (upper station) near Fer| 10/1/1911 9/30/2001 24107 138
9328500 [San RafaeRiver near Green River 10/1/1909 9/30/2001 23741 1628
Table 35 USGS Flow Gages in the Muddy Creek Watershed
Date Drainage
Site No. Site Name No. Of flow Area
Start End readings (mi?)
9330500 Muddy Creek near Emery 10/1/1910 9/30/2001 20382 105

3.4 Data Use and Limitations

In order to perform a representative assessment of water quality in each watershed in the WCRW, the
available water chemistry and flow data were evaluated for limitations, so that the best available data

could be used in the TMDLThe following limitations were encountered:
9 Limited water chemistry data

1 Limited flow data
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1 Inconsistencies and gaps between measurement dates

These limitations were taken into consideration when characterizing current water quality within each
watershed.As described below, these limitations primarily affected the evaluation of water quality in the
Price River watershed, as the data collected by the EWCD in the San Rafael River and Muddy Creek

watersheds allowed for a more comprehensive evaluation ef gadlity in these watersheds.

Although data obtained prior to 1990 exists, only data collected from 1990 forward were used in this
study. Data was generally not consistently collected prior to 1990, and although these data were
considered, it was detemmed that omission of these data would not result in mischaracterization of water
chemistry and hydrology in the WCRW.

3.5 Water Quality Assessment

Water quality in each of the three watersheds in the WCRW was assessed based on the available TDS and
flow data previously described. This assessment included an evaluation of the general spatial and
temporal patterns in TDS concentrations in surface waters in the watersheds and confirmation of the
existing impairment of streams within the watersheds. As discusséukifollowing sections, water

guality assessment was sometimes restricted because of data limitations. The collection of data within the
watersheds is an ongoing effort. Any additional data collected will be evaluated for its effect on the

TMDLs establitied in the watersheds. If warranted, the TMDLs may be revised based on new data.
3.5.1 Price River Watershed

Table 36 provides a summary of the known water quality data available in the Price River watershed.
The locations of the water quality monitoring statidisted in Table -® are shown in Map 10. As shown

in Table 36, historic TDS concentrations measured in the upper reaches of the watershed were below the
criterion of 1,200 mg/L, and the monitored surface waters in the upper reaches are considefati/to be
supporting of the agricultural beneficial use classification. Exceedances of the TDS criteria were
measured in the middle and lower reaches of the watershed, where surface waters are considered to be

only partially supporting or not supporting tagricultural beneficial use classification.
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The upper portion of the Price River watershed is primarily forest lands, with the typical land uses being
livestock grazing and recreation. The middle portion of the PricerRixatershed is dominated by
agriculture with significant irrigation and urban activities. Additionally, there are significant coal bed
methane (CBM) reserves in this portion of the Price River watershed which are currently being exploited,
as well as coamines. Mancos Shale, a natural source of salts in the watershed is also prevalent in the
middle portion of the watershed. These land uses and geologic characteristics of the middle portion of the
watershed account for the noted variation in water qualitye watershed.

Table 36 Water Quality Data for the Price River Watershed

TDS (mg/L)
. . os] No. of Number 1
Site ID Description _ Upper 95% sarmples| . ©f Support
Min Max Mean |Confidence) p Violations
Interval
493161 |Price River at mouth 652 | 3,442 1,618 1,781 20 14 NS
493165 |Price River at Woodside 548 | 4,866 | 2,164 2,166 71 57 NS
Price River above Price
493239 WWTP in Wellington 408 | 2,918 1,511 1,933 21 11 PS
493253 [-Innacle Creek above 888 | 4,038| 2,470 | 2,634 12 10 NS

Confluence with Price Rivér|

403137 |cordonCreek above Price | 1115 | 5054 | 1765 | 2183 6 5 NS
River confluence

Price River above Price Riv

493281 |20 172 | 518 | 207 300 72 0 FS
493283 |White River at US 50 crossi| 320 | 420 | 371 367 20 0 FS
493286 [-Sftfork White River above| o5 | 545 | 319 319 19 0 FS

Right fork White River
Right fork White River abov
Left fork White River

Price River below conflueng

493309 With White River 206 | 374 293 312 10 0 FS

493288 286 | 368 326 342 15 0 FS

Grassy Trail Creek above

uosazz g AL 316 | 538 | 381 442 10 0 PS

593148 [Mud Creek above Scofield | 236 906 413 458 11 0 FS

593165 | ish Creekabove Scofield | jqq | 550 | 190 193 21 0 FS
Reservoir

NS = Not Supporting; PS = Partially Supporting; FS = Fully Supporting (as listed in the RFP for the TMDL)

2While Gordon Creek ilisted as the impaired segmeitie impairment listing was based on samplin@iohacle Creek However, subsequent
sampling of Gordon Creek demonstrates that it is also impaired due to TDS concentrations and Gordon Creek is listgtl iitahe26a
303 (d) list ofimpairedwaters.

3This segment is listed due to pH (DEQ 2000)

3.5.1.1 Critical Seasonal Variations in TDS Concentrations

Average monthly TDS concentrations and flows measured at STORET monitoring stations Nos. 493281,

493239 and 493165, loeat in the upper, middle, and lower reaches of the Price River, are shown in
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Figures 31, 3-2, and 33, respectively. Monitoring stations Nos. 49239 and 493165 were chosen as target

sites in the Price River watershed.

As shown in Figure 3, seasonal vaii@ns in flow in the upper reach of the Price River are apparent, but
little change in average TDS concentrations occur. The relative consistency in TDS concentrations in the
upper reaches of the Price River points to the lack of TDS sources in theegges of the watershed.
Figures 32 and 33 show that TDS concentrations in the middle and lower reaches of the Price River, on
average, exceed the water quality criterion throughout most of the year. The exception is average
measured TDS concentrat®iin the spring/early summer when seasonal increases in flow appear to
provide a dilution effect on TDS concentrations in the river. These patterns suggest that TDS loading to
the Price River occurs throughout the year, influenced seasonally by irrigatamsions and return flows
(increasing TDS concentrations) and springoffi(decreasing TDS concentrations due to dilution).

3.5.1.2 Critical Flow verses TDS Concentrations

The data presented in Figurel3hows that there are no significant seasonal or fibecte on TDS
concentrations within the upper reaches of the Price River, confirming the absence of any significant TDS
sources in the area. A comparison of Figurds 32 and 33 shows that while flow in the Price River
decrease in the downstream rezgtof the river (below STORET monitoring station 493281), TDS
concentrations increase. This pattern points to the effect of irrigation diversions and natural stream losses
from the Price River that occurs in the middle and lower reaches of the watershign aources (e.g.,
Mancos Shale) of TDS existing in the area. It also reflects the complex interaction between stream
diversions, losses, irrigation return flows, and other inflows, and the resulting effect on water quality in
the lower reaches of theife River. While overall flow in the river is decreasing, it is apparent that
surface water and/or groundwater inflows with very high TDS concentrations are entering the river,
resulting in the higher TDS concentrations measured at the downstream mgrstations. Given the
complex hydrology within the watershed, the available data does not allow for a meaningful comparison

of flow versus TDS concentrations in the lower reaches of the Price River.
3.5.2 San Rafael River Watershed

For purposes of this TMDLtgdy, the San Rafael River watershed was divided into fivensibrsheds.

These sulwatersheds are Huntington Creek, Cottonwood Creek, Rock Canyon Creek, Ferron Creek, and
the lower San Rafael River. The five target sites established in the San Ratashed (see Section 2.2)

were located in the downstream reaches of the major drainages in each of theseviiggessheds. The

analysis of sudwatersheds within the San Rafael River watershed was possible due to the amount of data
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available. By estdishing the five target sites in the San Rafael watershed, a more discrete assessment of

water quality in the watershed could be performed.
3.5.2.1 Water Chemistry

Tables 37 through 311 provide a summary of measured water chemistry in the Huntington Creek,
Cottonwood Creek, Rock Canyon Creek, Ferron Creek, and the lower San Rafael Rivetensheds,
respectively. The water chemistry data summarized in these tables was collected by both the DEQ and
EWCD. The locations of the water quality monitoring statilisted in the tables are shown in Map 11.

As shown in Tables -3, 38, and 310, measured TDS concentrations in the upper reaches of the
Huntington Creek, Cottonwood Creek, and Ferron Creekwsibrsheds were below the criterion of
1,200 mg/L, and themonitored surface waters in the upper reaches of thesevaebsheds are
considered to be fully supporting of the agricultural beneficial use classification. Exceedances of the TDS
criteria were noted in the middle to lower reaches of thesevatdrshes, where Huntington Creek,
Cottonwood Creek, and Ferron Creek are considered to bsupporting of the agricultural beneficial

use classification. Similar to the Price River Watershed, the noted variations in water quality in these
three subwatershedsre attributed to land use and geologic characteristics of thevatelbsheds. Land

use in the upper reaches of these-wabersheds is primarily forest, along with some power generation
and coal mining in the Huntington Creek smbtershed, coal miningn the Cottonwood Creek sub
watershed, and CBM activities in the Ferron Creekwatershed. The middle and lower reaches of all
three subwatersheds are dominated by agriculture use, with significant irrigation and urban activities.

Mancos Shale is alqurevalent in the middle and lower reaches of thevgatersheds.

As shown in Tables-9 and 311, measured TDS concentrations in Rock Canyon Creek and the San
Rafael River have exceeded the TDS criterion throughout the monitored reaches of these ndhters, a
Rock Canyon Creek and the San Rafael River are considered to {seippmting of the agricultural
beneficial use classification. The elevated TDS concentrations in Rock Canyon Creek are attributed to
land use activity in the watershed (i.e., agriowtwse, with irrigation and urban activities) and the
presence of Mancos Shale. Additionally, the Hunter Power Plant is located in the Rock Canyon Creek
subwatershed. While there are no existing UPDES permits for the plant, discharge of water to Rock
Canyon Creek occurs from plant operations. Recognizing that this discharge needs to be permitted, the
Department of Environmental Quality has initiated the permit procéisis expected that the issued

permit will include a discharge limit for concentratis of TDS.
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Table 3-7

Water Quality Data for the Huntington Creek Sub-watershed

TDS (mg/L) : . Number
Site ID Description _ Upper 95% of  |Support?
Min | Max |Mean |Confidence| Sample, . ...
Interval
493052 | unington Creek above | 4oq | 4768 | 2859 | 3,105 | 21 15 NS
agoons
493053 [untington Creekabove | 12, | 5g4 | 516 | 222 11 0 FS
UP&L diversion
EWCD-2 [Huntington Creek upper 10 460 220 225 175 0 FS
EWCD-3 [Huntington Creek lower 464 | 6,242 | 3,241 3,324 174 165 NS
EWCD-18 [Crandal Canyon Creek upg 216 536 341 345 47 0 FS
EWCD-19 [Crandal Canyon Creek low] 260 664 417 423 51 0 FS
NS = Not Supporting; PS = Partially Supporting; FS = Fully Supporting (as listed in the RFP for the TMDL)
Table 38 Water Quality Data for the Cottonwood Creek Subwatershed
TDS (mg/L) : . Number
Site ID Description _ Upper 95% of Support*
Min | Max | Mean |Confidence| Samples|,, .o
Interval
493093 [(cottonwood Creekbove | 54 | 5505|1033 | 1,238 22 7 NS
Castle ale Lagoons
493095 |cotonwood Creek above | 1o | Hgg | o3g 246 10 0 FS
Grimes Wash
EWCD-4 [Cottonwood Creek upper | 108 | 460 249 255 175 0 FS
Ewcps [Cotonwood CreektBolt 1 5q0 | 1800 1113 | 1208 | 12 5 NS
EwcD-g |cotonwood Creek above | enql 3 500| 1,992 | 2,162 12 12 NS
Rock Canyon Creek
EWCD-7 [Cottonwood Creek lower | 348 | 4,750 2,325 2,355 175 163 NS
EWCD-16 |Grimes Wash upper 440 | 5,010 1,252 1,280 109 37 NS
EWCD-17 [Grimes Wash lower 602 | 2,800 1,549 1,570 96 71 NS
NS = Not Supporting; PS = Partially Supporting; FS = Fully Supporting (as listed in the RFP for the TMDL)
Table 39 Water Quality Data for the Rock Canyon Creek Subwatershed
TDS (mg/L) _ . Number
Site ID Description , Upper 95% of  |Support
Min Max Mean |ConfidencefSampley, ;oo ne
Interval
EWCD-8 [Rock Canyon Creek upper 892 5,660 3,411 3,475 91 86 NS
EWCD-9 [Rock Canyon Creek lower 696 7,750 3,583 3,624 135 134 NS

NS = Not Supporting; PS = Partially Supporting; FS = Fully Supporting (as listed in the RFP for the TMDL)
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Table 310

Water Quality Data for the Ferron Creek Sub-watershed

TDS (mg/L) _ . Number
Site ID Description _ Upper 95% Sampled . ©f Support*
Min | Max [ Mean |Confidence PIeS|\/iolations
Interval
493080 EE"O” Creek below Ferron g5 | 4 67g| 1,318 | 2,316 2 1 FS
agoons
493082 EE"O” Creek above Ferror 550 | g5g | 758 832 21 0 FS
agoons
593176 Ee”"” Creek abe Milisite | 5,/ | 366 | 286 291 23 0 FS
eservoir
EWCD-10 [Ferron Creek upper 48 | 756 350 360 175 0 FS
EWCD-11 |[Ferron Creek lower 448 | 7,260 2,692 2,734 174 164 FS
NS = Not Supporting; PS = Partially Supporting; FS = Fully Supporting (as listed in the RRE TMDL)
Table 311 Water Quality Data for the Lower San Rafael River Subwatershed
DS (mg/L) 5 # Number
Site ID Description _ Upper 95% Sampled. . ©f Support*
Min Max | Mean |Confidence P'®Svjiolations
Interval
493029 |San Rafae#t U24 crossing | 492 | 3,924 | 2,170 2,868 29 26 NS
493034 |San Rafael at Buckhorn roa( 780 | 3,030 | 1,803 2,003 11 8 NS
EWCD-1 |[San Rafael River lower 480 | 5,070 | 2,549 2,580 175 164 NS

NS = Not Supporting; PS = Partially Supporting; FS = Fully Supporting (as listed in the RFP for thg TMDL

Given the measured concentrations of TDS in Huntington Creek, Cottonwood Creek, Rock Canyon

Creek, and Ferron Creek, all which drain to the San Rafael River, the measured concentrations of TDS in

the San Rafael River were not unexpected. As shown ile Balil, the mean concentration of TDS in

the San Rafael River decreases in the lower reach of the river. This may be attributable to water inflows

of lower TDS concentrations, consistent with the lack of any significant TDS sources in the lower San

Rafad River watershed.
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3.5.2.2 Critical Seasonal Variations in TDS Concentrations

Monitoring stations EWCH3 (Lower Huntington Creek), EWGD7 (Lower Cottonwood Creek),
EWCD-09 (Lower Rock Canyon Creek), EWEI1 (Lower Ferron Cré@ and Storet Monitoring Station
493029 Ban Rafaelt U24 crossingwere chosen as target sites for TMDL analysis in the San Rafael
River watershed. Monitoring stations EW@B, EWCD07, EWCD09, and EWCBL1 were chosen as

target sites because the measluwater chemistry and flows at these locations reflect the effects of all
TDS sources and hydrological processes (i.e., irrigation diversions, return flows, groundwater and surface
water inflows) in their respective swimatersheds. STORET monitoring stat493029 was chosen as a
target site because the measured water chemistry and flows at this location reflect the effects of all
significant TDS sources and hydrological processes within substantially the entire San Rafael River
watershed.

The average mdhly TDS concentrations and flows measured at monitoring stations EWBCEWCD

07, EWCD09, EWCDO011 are shown in Figures 3.4 through 3.7, respectively. Each of these figures
shows similar relationships between flow and TDS concentrations attributeibédion activities and

spring runoff occurring in the suliatersheds. First, a decrease in average measured flow associated with
an increase in average TDS concentration is noted in the month of April. This is followed by a significant
increase in flow associated with a significant decrease in TDS concentrations; the highest average flows
and, except for Huntington Creek, the lowest average TDS concentrations occurring in June. Average
monthly flows then generally decrease, with some variation, atedcwith generally increasing TDS
concentrations, with some variation over the months of July through October. Flows in the streams
appear to be generally consistent over the months of November through February, rising or falling again
in March.
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Figure 34
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The decrease in average flow and increase in average TDS concentrations occurring in April may be due
to the first significant diversions of surface water for irrigation during the year and assoocgdteDis
concentration return flows. The decreased TDS concentration measurements in June are indicative of the
seasonal dilution effect of increased flows occurring in this month. Between July and October, stream
flow and measured TDS concentrations argject to complex interactions between stream diversions,
losses, irrigation return flows and other inflows to the streams. The more consistent flow patterns and
associated TDS concentrations over the months of November through February are consisteat with
decrease in runoff and irrigation activity over these months. Although seasonal variations in TDS
concentrations are shown, it is noted that there is no one critical season for high TDS concentrations in
Huntington, Cottonwood, Rock Canyon, and Fei@aeks, as the average measured TDS concentrations

in these creeks consistently exceed the TDS criterion of 1,200 mg/L over the entire year.

The average monthly TDS concentrations and flows measured at the STORET monitoring station 493029
are shown in Fjure 38. The variations in average flow and TDS concentrations measured in the San
Rafael River at this location reflect the collective contribution of inflows to the San Rafael River from
Huntington, Cottonwood, Rock Canyon, and Ferron Creeks. As dthettributaries, it is noted that

there is no one critical season for high TDS concentrations in the San Rafael River, as measured TDS
concentrations in the lower San Rafael River consistently exceed the TDS criterion of 1,200 mg/L over

the entire year.
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Figure 3-8 Average Monthly Flow and TDS for 493029 (San Rafael River at US 24 Crossing)
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3.5.2.3 Critical Flow versus TDS Concentration

Figures 39 through 313 are plots of TDS concentrations verses flow at monitoring stations EV8CD
through EWCDB11 andSTORET monitoring station 493029, respectively. These plots show the trend of
increasing TDS concentration with decreasing flow and the dilution effect of decreasing TDS
concentration at high flows in each of the measured streams. The TDS concenaratitmes highest
during low flow conditions when it may be expected that groundwater inflows (includingtdong
irrigation return flow) with elevated TDS concentrations provide the majority of streamflow. The
elevated TDS concentrations in groundwater attributed to contact with the Mancos Shale (Laronne
1977), which is prevalent in the middle and lower portions of the Huntington Creek, Cottonwood Creek,
Rock Canyon Creek, and Ferron Creek-aatersheds. Although TDS concentrations decrease with
increasing flows, TDS concentrations occur above the TDS water quality criterion throughout most of the
range of flows. The consistently high TDS concentrations throughout the range of normal flows are
attributed to continual loading from natural sourcesgation return flows, and other inflows occurring
over the range of these flows. As a practical matter, there is no critical flow, within the range of normally
expected flows, above which the TDS criterion is attained in these stream reaches.
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Figure 3.9 Flow verses TDS Regression Plot for EWCI3 (Lower Huntington Creek)
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Figure 3-12  Flow verses TDS Regression Plot for EWCEL1 (Lower Ferron Creek)
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Figure 3-13  Flow verses TDS Regression Plot for 493029 (San Rafael River at US 24 Crossing)
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3.5.3 Muddy Creek Watershed

Table 312 provides a summary of the measured water chemistry in theyMDickek watershed. The
locations of the water quality monitoring stations listed in Takl® &are shown in Map 12. As shown in

Table 312, historic TDS concentrations measured in the upper reaches of the watershed were below the
criterion of 1,200 mg/Land the monitored surface waters in the upper reaches are considered to be fully
supporting of the agricultural beneficial use classification. Exceedances of the TDS criteria were
measured in the middle and lower reaches of the watershed, where sutierseana considered to be

only partially supporting or nersupporting of the agricultural beneficial use classification.

The noted variations in water quality in the Muddy Creek watershed are attributed to land use and
geologic characteristics of this veashed. The upper portion of the Muddy Creek watershed is primarily
BLM and USFS administered lands. There is also some coal mining that occurs in this portion of the
watershed. The middle portion of the Muddy Creek watershed is dominated by irrigatedtiag and
urban(inhabited)areas. Mancos Shale is also prevalent in the middle portion of the watershed. These land
use and geologic characteristics of the watershed account for the noted variation in water quality
throughout the watershed.

Table 312 Water Quality Data for the Muddy Creek Watershed

TDS (mg/L) : Number
Site ID Description _ Upper 95%|count|  of  |Supportt
Min Max Mean |Confidence Violations
Interval
Muddy Creek at Old U24
495500 |crossing 806 6,080 3,276 3,736 63 57 NS
495530 |Muddy Creek at 170 crossir| 386 5,332 1,702 1,835 74 53 NS
Quitchupah Creek above
495543 |USFS boundary 466 852 675 724 10 0 FS
EWCD-12 [Muddy Creek upper 60 648 274 282 175 0 FS
Muddy Creek above lvie
EWCD-13|Creek 620 4,900 2,284 3,531 12 4 NS
EWCD-14 [Muddy Cresk lower 416 4,580 1,829 1,735 173 141 NS
EWCD-15 |lvie Creek 740 3,100 1,711 1,925 12 10 NS

NS = Not Supporting; PS = Partially Supporting; FS = Fully Supporting (as listed in the RFP for the TMDL)
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3.5.3.1 Critical Seasonal Variations in TDS Concentrations

Average monthly TDS concentrations and flows measured at STORET monitoring station 495500
(Muddy Creek at Old U24 Crossing) and monitoring station E\AM@QLower Muddy Creek) are shown

in Figures 314 and 315, respetively. Figures 314 and 315 show a generally similar seasonal pattern

of average monthly flows and associated TDS concentrations attributed to similar irrigation activities and
runoff patterns as described for the sudtersheds in the San Rafael wédtes As with the sub
watersheds in the San Rafael watershed, although seasonal variations in TDS concentrations are shown, it
is noted that there is no one critical season for high TDS concentrations in these reaches of Muddy Creek,
as the average measdréDS concentrations consistently exceed the TDS criterion of 1,200 mg/L over

the entire year.

3.5.3.2 Critical Flow verses TDS Concentrations

Figures 316 and 317 are plots of measured TDS concentrations verses flow at STORET monitoring
station 495500 ahmonitoring station EWCEL4, respectively. These plots show a trend of increasing
TDS concentration with decreasing flow and a dilution effect of decreasing TDS concentrations at high
flows at each station. TDS concentrations are the highest durinfdewconditions when it may be
expected that groundwater inflows (including letegm irrigation return flow) with elevated TDS
concentrations provide the majority of streamflow. The elevated TDS concentrations in groundwater are
attributed to contact witthe Mancos Shale (Laronne 1977), which is prevalent in the middle portion of
the watershed. Although TDS concentrations decrease with increasing flows, TDS concentrations occur
above the TDS water quality criterion throughout most of the range of fldhws.consistently high TDS
concentrations throughout the range of normal flows are attributed to the continual inflow of
groundwater, irrigation return flows, and other inflows to the stream occurring over the range of these
flows. As a practical mattethere is no critical flow, within the range of normally expected flows, above

which the TDS criterion is attained in these stream reaches.
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Figure 3-14  Average Monthly Flow and TDS for 495500 (Muddy Creek at Old US 24 Crossing)
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Figure 3-15 AverageMonthly Flow and TDS for EWCD-14 (Lower Muddy Creek)
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3.5.4 Summary

The majority @ the water quality standards violations occur in the middle and lower portions of the Study
Area watersheds where agriculture and rangeland are the predominant laid uscussed in Section

3.1, with only limited exceptions, TDS is the constituentafcern for the WCRW. The available data
indicates that Grassy Creek, the sole segment listed for impairment from pH, should not be listed as
impaired. Furthermore, there have not been any exceedances of the DO standard in any stream segment
in the WCRWin the last three years. Segments listed as impaired due to DO will besgtmahe next

305(b) listing. Based on the limited exceedances of the dissolved iron concentrations and the lack of any
identified sources, all stream segments listed as ing#&ioen iron have been delisted in the draft Utah

2004 303 (d) list of waters.

The primary factors in increased TDS loads inrthiddle and lowereache®f the Price San Rafael, and

Muddy Creek watershedsefrom agriculturalirrigation practices surface runoff and natural geological
loadings Increased surface nwoff, and loading of TDS, is also associated witlrrent irrigation
practices. Irrigation water percolating through the soil and shale dissolves salts, principally carbonates
and sulfates, rad transports them to the natural drainages (Laronne 1977). Groundwater moving through
the Mancos Shale formation, already affected by soils containing elevated salt levels, picks up additional
salts from the shale and discharges the high TDS concentiati streams.Due to different geology

and landuses, the upper portions of each of the watersheds generally have insignificant salt loadings
relative to the downstream reaches. Specific-point and point sourcefer each of the target locations

are dscussed igreater detail irsectiors 4 and 6
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4.0 SOURCE ASSESSMENT

Data evaluation shows that both point and-pomt sources are contributing TDS load to streams within

the WCRW. The evaluation also shows spmint source pollution is the leading caus@xcessive TDS
concentrations within the watershed. tRasrk in the area (BOR and S@893) estimates that irrigation,

waste discharge, and natural geologic loadings results in an increase in TDS from approximately 300

mg/L above areas of agriculturatigation use to greater than 2,000 mg/L below these areas.
4.1 Municipal and Industrial Sources

There are both municipal and industrial sources of TDS loading in the WCRW Study Area. Past work in
the Colorado River Basin has estimated that municipal ahginial sources can increase salt loading by
approximately 100 tons per 1,000 people per year (BOR 2001). Permitted municipal source discharges in
the Study Area are associated with wastewater treatment facilities. Permitted industrial source discharges
are associated with coal mine operations and power plants. These permitted point source discharges and
discharge data are shown in Tablek @nd 42.

Wastewater treatment facilities located in Price, HuntingBastle DaleandFerroncontribute TDSoad

to the Price RiverHuntington and Cottonwood Creekad Ferron Creekespectively. However, the

flow from these treatment plants is relatively small and the loads are limited (see T-Abdesld42,

permit numbers UT0021814, UT0021296, and UT3BBAB). General surface disturbance andatfiin

from urban areas, as well as leakage from municipal water supply lines also contribtypeinbeource

loadings of TDS. Runoff rates and flows from urban areas can be 20 percent more than the runoff
generaed from grassland areas due to the many impervious surfaces in urban areas such as roads,
buildings, and parking lots. Along with the possibility for additional erosion of high salt content soils,
urban runoff can also contain road salts and other sotabterials that may contribute loading to the
WCRW streams (Texas Nd@oint Source Book 2003).

Coal mining activities can increase salts through the leaching of spoil materials, groundwater discharge,
or erosion of disturbed surface material. Point seudischarges are possible from the discharge of
dewatering effluents, and from other controlled sources. -pdamt discharges can also occur from
uncontrolled sources and from increased surface disturbances. A study completed by USGS (1986b)
observed tht water from mines in the Book Cliffs area of the Price River watershed area contain TDS
ranging from 80€L,600 mg/L, while water from mines in the coal resource areas of the San Rafael River
watershed contain TDS concentrations of/50 mg/L. Most mining operations discharge relatively low

annual loads of DS into streams (see Tabled 4nd 42).
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Table 41 NPDES Permit Holders, Permit Numbers, and Locations in the WCRW
PERMITEE ? PERMIT # ISSUED | EXPIRES FACILITY LOCATION

AndalexWest Ridge UTG040023* N/A N/A PO Box 902, Price
AndalexCentennial UTG040008* 9/01/98 4/30/03 PO Box 902, Huntington
AndalexWildcat UTG040007* 6/01/98 4/30/03 PO Box 902, Price

Ark Land Company UT0025453 7/31/02 7/31/07 18 miles east of Helper

Canyon FueBanning UTG040011* 5/29/98 4/30/03 PO Box 1029, Wellington

Castlegate Central Processing UT0025437* 1/14/02 1/31/07 11 miles north of Helper

Castle Valley Special SSD UT0023663 7/11/00 7/31/05 86 South First East, Castle Dale
Castle Valley SSPHuntington | UT0021296 11/18/99 | 11/30/04 PO Box 877, Castle Dale
Consolidation Coal Company

Emery Mine UT0022616 6/17/99 6/30/04 PO Box 527, Emery

Co-Op Mining Company UT040006 5/01/98 4/30/03 Bear/Trail Canyon Mines, Huntington
Cyprus Plateau MiningVillow

Creek UTG040012* 1/12/00 4/30/03 847 Northwest Highway 191, Helper
East Carbon Water Treatment

Plant UTG640012* 5/08/98 4/31/03 Whimore Canyon above East Carbon
Emery Water Treatment UTG640030* 5/08/98 5/31/03 Castle Dale

Ferron Sewerage System UT0020052** 5/27/99 5/31/04 PO Box 820, Ferron

Genwal Resources UT0024368** 8/07/95 8/31/05 PO box 1077, Price

Hiawatha Coal Company UT0023094 9/09/99 9/30/04 PO Box 1201, Huntington

Horse Canyon Mine UTG040013* 5/20/98 4/30/03 31 North Main St., Helper

Interwest Mning Co Des Be

Dov UTG040022 6/16/98 4/30/03 7 Miles NE of Castle Dale, Huntington
JW Operating Corp. UT0025488* N/A N/A Soldier Creek Canyon

Lodestar Energy Horizon UTG040019 5/04/99 4/30/03 H.C. Box 370, Helper

Lodestar Energyscofield UTG040021* 8/07/98 4/30/03 Scofield Route, Helper

Mountain Coal Co. UTG040004* 5/29/98 4/30/03 C/O Blackhawk Engineering, Wellington
Orangeville Water Treatment

Plant UTG640031* 5/08/98 5/31/03 NW of Orangeville, Castle Dale
PacificorpCarbon Plant UT0000094 11/30/01 | 11/30/06 Hwy. 67191, 3 Miles North of Helper
PacificorpDeer Creek Coal UT0023604** 11/18/02 | 12/31/07 Hwy. 31, 7 miles S. of Huntington
Pacificorp Trail Mountain UTG040003* 6/25/93 4/30/03 Sec 25 T17S R6E Alb&M, Orangeville
PacificorpWest Mine UT0023728* 1/22/03 12/31/07 PO Box 310, Huntington

Plateau Mining UT0023736* 12/21/01 | 12/31/06 Star Point, Price

Price City Water Treatment

Plant UTG640035* N/A N/A Price Canyon Highway 6, Price

Price River Water Improvemet

District UT0021814 12/31/01 12/31/06 265 North Fairgrounds Road, Price
Price River Water Treatment

Plant UTG640034* N/A N/A 432 West 600 South, Price

Savage Industries UTG040005** 5/29/98 4/30/03 Route 1 Box 14445, Wellington

Star Point Refuse Pile UTG040025* 8/06/02 4/30/03 Sec. 10&15,T15S, R8E, Wattis
Sunnyside Cogeneration UT0024759* 8/01/02 7/31/07 1 Power Plant Road, Sunnyside
Talon Resources Inc. UT0025399 8/24/01 8/31/06 375 South Carbon Ave.,-A0, Price
Utahamerican Energy UTG040024* N/A N/A Lila Canyon, Price

Wal-Mart Supercenter UTR100812* N/A N/A 255 South Highway 55, Price

1 CBM belowground discharge is not regulated under the UPDES program.
2There are two additional power plants (Hunter and Huntington) that are in the process of being permitted faz.discharg

* No data available for
* ox Three or |l ess data
Database

t his

Il ocati on

observations

from USEPAOGS
available for

PCS
this
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Table 4-2

NPDESPermit Numbers, Flow, and TDS Data in the WCRW

Flow (cfs) TDS (mg/L) Load
Existing
Design Existing Existing Existing Annual Waste
Permittee’ Flow Flow Existing TDS TDS Load? Load®
Name/Permit Number Rate Mean Flow Range | Mean Range (tons/year) | (tons/year)

Ark Land Company 7.74x10° -
(UT0025453) 0.046 0.020 0.03 567 531-625 8 30
Canyon Fuet
SUFCO
(UT0022918) 8.3 4.07 0.038.67 794 221-1,449 2,500 10,044
Castle Valley Special
SSD 1,410
(UT0023663) 1.09 0.6 0.31-1.04 1,513 1,610 730 1278
Castle Vdley SSDi
Huntington 2.63x10" i 2,400
(UT0021296) 0.619 3.56x10’ 4.33x10’ 2,738 3,205 0.001 730
Ferron LagoonsFerron
(UT0020052) 0.84 0.81 0.570.96 1195 10701320 95 986
Consolidation Coail
Emery 2,460
(UT0022616) 0.879 0.31 0.110.57 4,177 5,048 1,095 1,104
Co-Op Mining Company 1.42x10%1
(UT040006) 0.78 0.06 0.21 594 296998 35 670
Hiawatha Coal Company| 4.23x10% 1
(UT0023094) 0.981 0.23 1.55 705 677740 146 941
Interwest Mining Co
Des Be Dov 9.28x10°j 9,533
(UTG040022) 371.4 1.75x10° 3.09x10° 10,347 11,885 0.0002 NA*
Lodestar Energy
Horizon 7.74x10°0
(UTG040019) 2.05 4.77x10° 0.89 382 317-482 258 1035
Pacifici Carbon Plant 3.25x107 i
(UT0000094) 0.433 0.50 8.05x10’ 298 190510 146 552
Pacificorpi Trall
Mountain 1,452
(UTG040003) 36.46 0.08 0.017 0.13 3,035 7,070 233 138
Price River Water Imp.
Dist 1.70x10°§
(UT0021814) 6.2 2.17 2.48x10° 1,061 8991,190 2,190 7,304
Talon Resources Inc. 2.77x10°%1
(UT0025399) 0.75 9.76x10° 0.02 327 157-628 3 889

! Although there are atitional permitted discharges in the WCRW, flow and TDS data for at least four sampling periods is

available from USEPAGs
2 Existing annual load from Section 613
3 Waste lod iscalculated based on proposed permit limitésied in Table 61 (permits may be concentration or ldaased)
* Design flow is based on the 25 yeah@ur storm event only

PCS Environment al Warehouse I|Internet Dat abas

An additional industrial activity in the Study Area is development of codlrbethane (CBM). The
source coals for CBM are generally located in madegved formations such as the Mancos Shale, and
development and production of CBM wells results in production of high saline waters, which are
typically disposed of through evaptim and deepvell injection. Coal bed methane development and
production activities first began in the Study Area in 1990, with more significant activity beginning in
19931994 in the Ferron Coals located in the Price River watershed. Water produmtiosieivelopment
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of CBM wells and deep well injection of produced water (produced water was injected into the Navajo

and Wingate formations) peaked in the Study Area in 2001 and is now declining.208Gint

The effects of CBM development were evaluatedan annual and monthly basis in the San Rafael and
Price River watersheds. Any effects were assumed to occur by movement of high saline water into the
surface streams as a result of development and production of the CBM wells. The evaluation was
accompished by comparing available measured surface water chemistry over tin@Blgréo current),

looking for any increasing trend in measured TDS concentrations in surface streams that might be
attributable to CBM activity. While the analysis of surfaceenvahemistry did not indicate that CBM
development has resulted in increased TDS loading in the Study Area, the results of continued monitoring
should be assessed for any future effects. The USGS is also currently working on a regional model to
assess pential future water quality impacts, if any, of CBM development in Utah (B0@8). Details of

this study were not available at the time of this report.

Overall, the analysis of point source data revealed that the current impact of point source T8S on t
WCRW streams is relatively minor (sadditional discussion inegtion 6.0).

4.2 Non-point Sources

While there are potential nepoint source loadings of TDS from industrial and municipal sources, as
discussed above, they are generally insignificant ivelato the other nonpoint sources of TDS
concentrations in the watershed. The most significant TDS loading are due to surface-sunflaseb
movement of water over the Manc&hale geologic feature present in the area. Man&tmle
formations, which a known to be highly saline and soluble, dominate the middle portion of the WCRW,
where irrigation is also ubiquitous. Ground water flows through the MaBlakand surface runoff

over soils derived from Mancdhalehave been reported as resulting udbstantial dissolution of salts
(Apodaca 1998, Evangelou et al. 1984, Laronne 1977) and are the primary avenues by which TDS
loadings are increased in the WCRW. Water quality data are shown in Appendpdsific types of

non-point sources fore each tfe listed impaired stream segments are summarized in Appendix A.

A previous water quality monitoring project (DEQ 2000) has determined that irrigation return flows,
canal seepage, and stock pond seepage constitute a significant source of TDS in the M&RYWWA00

miles of stream segments in the WCRW have been designated-agppmnting or partially supporting

their beneficial use due to high TDS caused by agricultural activities. The BOR (2001) estimates that
irrigation and other agricultural actiigs in the Price and San Rafael river-sudiersheds alone results in

a salt loading of approximately 258,000 tons per year
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Irrigation and associated canal seepage are the largest contributors of TDS in the WCRW. TDS loading
associated with irrigation camccur from surface flow and from subsurface movement of return flows.
Overland flow caused by owrigation can transport salts, as well as sediment, from the soil surface
directly to streams. Salt has accumulated on the soil surface in many atkasWCRW due to the
dissolution of salts from the soil and subsurface materials. Bgdound irrigation return flows may
eventually enter the groundwater and return to the stream. Data from stream gauges below irrigation
areas in all sulwatersheds showignificant increases in TDS loadings compared to data from gauges
above irrigation areas. Increased TDS concentrations caused by irrigation return flows continue to

degrade water quality as the water moves downstream and picks up increasing amaitsts of s

Seepage of water from unlined canals and stock ponds is also a significant contributor to the loading of
streams in the WCRW. The BGHRd SCJ1993) estimates that canal seepage increases the TDS load by
67.16 tons per mile of canal.

Runoff ewvents are also a significant source of the total salt load in the WCRW. Previous studies have
estimated that 21 percent of the salt load in the Price River and 14 percent of the salt load in the San
Rafael River are related to runoff events caused by iatpnscipitation during thunderstorms (BOR
2001). Similar loading has been also been estimated for Muddy Creek (BOR 1987). Additionally,
overland flow of snowmelt on lower elevation sites located on saline formations can significantly increase

salinity.

Surface runoff over soil derived from Manc8bhalecan potentially increase TDS by transporting salt
laden soil particles into nearby streams. The aridity of the WCRW results in a net upward movement of
water, which deposits salts on the soil surfaceeséhsalts are susceptible to movement by surface runoff
from natural precipitation events, snowmelt, and esggation (Laronne 1977). Runoff can be
exacerbated by disturbances to the soil surface, such as forestry activities, overgrazing and akcreation

activities.

Improper forestry related activities can increase TDS loading by removing vegetative cover and other
protective surfaces, such as pebbles and gravel, as well as loosening the soil surface, all of which increase
the erosion potential causdny overland flow. Additionally, roads built for timber extraction are
susceptible to erosion, as are all unpaved roads in the watershed. Both the road surface and the steep
embankments can be severely eroded by relatively minor storms. However,tdedaested portions

of the watershed occurring outside of the Man8bsle these practices generally contribute relatively

insignificant salt loads.
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Livestock and wildlife grazing can result in surface disturbance or compaction, which can alter
infiltration, surface cover, and streambank stability. These changes can increase TDS loading in adjacent
streams. Infiltration rates decrease, and runoff increases, as livestock or wildlife ground trampling
increases. Dadkuh and Gifford (1980) found that umptach soils exhibit more than two times the
infiltration rate as trampled soils. They also reported that by increasing the cover of grasses from 30
percent to 50 percent, sediment production was decreased by more than 50 percent. Streambank
degradation caed by watering animals in readily accessible streamside areas can also result in increased
sediment production, and accompanying TDS loadings, in the WCRW.

Recreational activities are another potential source of TDS in the WCRW. The loss of vegeteadiv

and the loosening of soil particles associated with the use of recreational vehicles results in increased
erosion potential and possible TDS loading into nearby streams. Recreational activities can also damage
or remove the protective cryptoganaiast, which then results in increased sedimentation and associated
TDS loading (Belnap et al. 2001).
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5.0 LOADING CALCULATIONS

The ultimate goal of a TMDL is the attainment of water quality stand@ardsnpaired waterswere

feasible and achievablén orderto meet the goal of the TMDL, the relationship between source loading
and the loading capacity of the receiving water must be established. The loading capacity is the amount of
a given pollutant that can be assimilated by a water body while still mele¢invgater quality standard for

the water body. For this TMDL, the water quality criterion is 1,200 mg/L TDS.

This section describes the procedures used for determining the loading capacity and current TDS loading
in the Price River, San Rafael River, andiddy Creek watersheds. In conjunction with historical flow
records, loading capacities were established for flows expected to occur in an average year in the Price
River, San Rafael River, and Muddy Creek, as well as selected tributaries in these watérshetch

target points were established. Existing loads, which were calculated from available monitoring data,
were compared to loading capacities in order to evaluate critical conditions and calculate the necessary

load reductions.

Each of the estdished target sites in the WCRW has a TMDL of TDS that can be carried before the TDS
criterion is exceeded. This TMDL is equivalent to the loading capacity at each of the target sites, which is
calculated by the following formula:

Flow (cfs) x TDS WQ Critrion (1,200 mg/L) 2.71x10° (Conversion Factdy = Load Capacity
(tons/day)

This same formula is used to calculate existing loads by substituting measured TDS concentrations at

respective flows for the TDS water quality criterion.

Critical conditiors represent the condition or conditions under which the loading capacity of a target site
is exceeded and violation of TDS criterion occurs. These critical conditions can be dependent on
environmental and other watershed factors, such as rainfall evieats WDS loading to surface waters
occurs in surface runoff to the Study Area streams, as well as watershed activities, such as irrigation that
can result in TDS loading through surface and ground water return flows. Critical conditions in the Study
Area ae difficult to identify because of the dynamic combination of hydrology and loading conditions.
Loading times that have the greatest impact on water quality conditions are difficult to distinguish,
because of lags created by ground water flows, surfaterwdliversions and other factors such as

irrigation rates.

! Conversion listed is used to convert flows and TDS concentrations to arrive at the units of ton
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As discussed in Section 3.5, violations of the TDS water quality criterion occur during all months of the
year at target sites in all three Study Area watersheds. As described in the folleatiogs, based on

the available water quality data, the TMDL water quality criterion is violated throughout the entire year
and at all expected normal flow conditions throughout the watersheds. Therefore, critical conditions in
each of the three waterstwexist at all flow conditions, and the TMDLs will be based on flow conditions
and not specific seasonal periods. Establishing a TMDL for TDS under all critical flow conditions
ensures that the TDS water quality criterion is met under all conditions.

5.1 Price River Watershed

As previously discussed, STORET monitoring stations 498286e River above WWTP in Wellington)

and 493165Price River at Woodsideyere designated as target sites in the Price River watershed and
assessed for temporal and spateiations in flow. The daily stream flows measured at these monitoring
stations were arranged in order of magnitude and divided into flow tiers. Each flow tier represents a
range of measured flows, the highest measured flow within the range assigestkrtgge (e.g., 10
percent, 20 percent) that reflects the chance of any measured stream flow being less than or equal to it.
For example, higher measured flow (e.g., 90 cfs) would have a lower (e.g. 10 percent) chance of criterion
exceedance while a low#low (e.g., 10 cfs) would have a greater chance of exceedance. To evaluate the
critical flow conditions at each target site, the maximum load capacity for each flow tier was calculated
based on the highest measured flow within the tier range of flodrishisnload capacity compared with
existing loads (minimum, maximum, average) calculated from the data. These results are shown in
Tables 51 (monitoring station 493239) and25(monitoring station 493165). Plots of calculated loading
capacity at eachldw tier versusaverageexisting load calculated from the data are shown for each

monitoring station in Figures-b and 52, respectively.

As shown in Table &, maximum TDS loads for all but the 10 percent and 20 percent percentile groups
exceeded thellawable load capacities for each percentile group. The plot of average existing load versus
calculated loading capacity (Figurel®is consistent with the water quality assessment results presented
in Section 3.4.1, which show that, on average, the Water quality standard at this monitoring station is
exceeded throughout the entire year, except during higher flow periods in the summer (see-Eigure 3
The results for monitoring station 493165 show that loading capacities are exceeded and critical
conditions exist throughout the entire range of flow tiers (Tab®, mlthough average existing loads do

not exceed loading capacities at higher flow tiers (Figt2® 5
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Table 51 Loading Statistics for Station 493239, Price River Watershed (Map 10, Re River
above Price WWTP at Wellington bridge)

Flow Average | Number of (\Q/\LIJ E:I?t;/ Existing Load (tons/day) C[a_s:gity
Exceedances| Flow (cfs) Loads’ Violations® Minimum Maximum Average (tons/day}
0%- 10% 360 2 0 332 767 550 1,163
10%- 20% 100 3 0 114 299 178 323
20%- 30% 70 2 1 93 295 194 227
30%- 40% 45 3 1 72 242 144 146
40%- 50% 27 2 2 138 177 152 87
50%- 60% 19 3 3 121 141 131 61
60%- 70% 17 3 3 74 109 90 55
70%- 80% 14 2 2 96 116 106 47
80%- 90% 9 3 3 43 67 58 29
90%- 100% 5 2 2 25 41 33 15

TFlow values shown represent teeragemeasured flow within the respective flow tarer the period of 1/19902/2001

2 Equals the total number of available measurements (flow and TDS) within each flow tier from whichdoadalaulated (Appendix B).
3 Number of times that the measured TDS concentrations exceiamg/L.

* Load (tons/day)= measured flow (cfs) x measured TDS concentration x Conversion Factor. Data is shown in Appendix B.

5 Load capacity calculated agjhest measured flow in each flow tier x TDS criteriord (#00mg/L x Conversion Factor.

Table 52 Loading Statistics for Station 493165, Price River Watershed (Map 10, Price River
near Woodside at US 6 crossing)

Flow Average | Number of (\g/\llJ Ztliet;/ Existing Load (tons/day) C;;?:gity

Exceedances| Flow (cfs) Loads’ Violations® | Minimum | Maximum | Average (tons/dayF
0%- 10% 236 5 2 471 1,612 826 763
10%- 20% 132 6 4 211 2,784 574 425
20%- 30% 72 6 6 255 513 361 232
30%- 40% 55 5 4 187 480 290 177
40%- 50% 50 6 5 74 358 262 161
50%- 60% 43 5 5 251 420 329 138
60%- 70% 36 6 6 187 279 220 117
70%- 80% 26 6 5 45 221 150 84
80%- 90% 20 5 5 115 188 145 63
90%- 100% 11 5 4 20 122 70 35

TFlow values shown represent teeragemeasired flow within the respective flow tiever the period of 1/19902/2001

2 Equals the total number of available measurements (flow and TDS) within each flow tier from which loads were calculatdik @ppe
% Number of times that the measured TDSazrirations exceedeéd200mg/L.

* Load (tons/day)= measured flow (cfs) x measured TDS concentraGonversion FactoData is shown in Appendix B.

® Load capacity calculated as highest measured flow in each flow tier x TDS critefi@00Mg/L x Conversion Factor
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Hiah Flow Low Flow

Figure 5-1 Existing TDS Loading by Flow for Station 493239 (Map 10, Price River above Price
WWTP at Wellington Bridge)

High Flow Low Flow

Figure 5-2 Existing TDS Loading by Flow for Station 493165 (Map 10, Price River near
Woodside at US 6 Crossg)
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