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EXECUTIVE SUMMARY

The Tongue River forms in the Big Horn Mountains west of Sheridan, Wyoming, flows across the
Wyoming-Montana state border near Decker, Montana and ends at its confluence with the Yellowstone
River in Miles City, Montana. Two segments within Montana are currently on Montana’s 303(d) list of
impaired waters due to elevated levels of salinity, which impacts the agricultural uses along the Tongue
River. This study was undertaken to help understand the sources of salinity, and to identify potential
solutions towards reducing salinity.

Geologically, the Tongue River lies in an area of shales and coalbeds that underlies parts of Wyoming,
Montana, and the Dakotas. The upper portions of the watershed are the Bighorn Mountains, which are
some of the highest mountains in the region. These mountains receive large amounts of precipitation
and snow in the winter. The late spring/early summer runoff from the Bighorn Mountains supplies most
of the annual water supply in the Tongue River. Water from the Bighorn Mountains has relatively low
salinity. The Tongue River Reservoir captures flows from Wyoming for summer/fall irrigation use in
Montana. The reservoir also provides recreational fishing and boating. Much of the Tongue River
watershed below the Bighorn Mountains is composed of relatively saline bedrock, with low rainfall and
high evapotranspiration. This has resulted in relatively saline soils and groundwater as well as
tributaries. The saline water limits the ability to use tributary water in Montana and parts of Wyoming
for irrigation purposes, with tributary area watershed irrigation often limited to high precipitation and
snowmelt events. Tongue River water quality is much better than the tributaries and is usually
acceptable for irrigation of crops grown in the watershed. Irrigation water from the Tongue River is used
throughout the watershed, and the largest Tongue River diversion is at the 12 mile dam (referred to as
the T & Y diversion) about 12 miles upstream of Miles City.

The Tongue River has a long history of human interest. The area has been inhabited by Native Americans
for several thousand years, and was first settled by European Americans in the 1880s. In the 1880s,
livestock and agriculture (cattle grazing and irrigated crops) was introduced to the watershed and
continues to the present day. Due to the large amount of coal reserves in the watershed, coal mining
has occurred in the watershed for over 100 years. Since about the 1990s, coalbed methane (CBM)
extraction has also occurred. Concern over land use impacts on water quality has led to increased water
quality monitoring. This monitoring data includes flow as well as salinity-related parameters such as
specific conductance from multiple locations throughout the watershed.

To help evaluate salinity loads in the Tongue River watershed, DEQ applied the Soil and Water
Assessment Tool (SWAT) water quality model. DEQ used a version of SWAT that includes the ability to
simulate salt ions; therefore, the model is referred to as SWATSalt. DEQ compiled several types of data
to build the SWATSalt model, including climate data, land use, soils, and both stream flow and water
quality data. The model was then calibrated to the observed flow and water quality data. Several
calibration parameters, including those that impact the rain/snow balance, overall discharge volumes,
range of flows, and other modeling parameters, were adjusted so that model output adequately
matched observed data. While individual storm volumes were difficult to accurately simulate, overall
the model performed well at re-creating flow conditions in the watershed. Water quality was also
calibrated to an acceptable level, matching up closely with the ranges and statistical measures of the
observed data.

Following calibration, the model was modified to simulate several scenarios. These included removal
and alteration of industrial practices in the watershed (coalbed methane, coal mining), removal and
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alteration of livestock and agricultural practices in the watershed, Tongue River Dam operational
changes, and a natural (historical) scenario. These scenarios show that human activities including coal
and coalbed methane extraction affect salinity concentrations along the Tongue River. However, even
after removing these sources, salinity levels still exceeded current water quality standards.
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1.0 INTRODUCTION

This document describes the development and results for salinity modeling in the Tongue River
watershed using the Soil and Water Assessment Tool (SWAT).

The Tongue River watershed is located in southeastern Montana and northern Wyoming and includes
portions of both the Northern Cheyenne and Crow Indian Reservations (Figure 1-1). The Tongue River
forms in the Big Horn Mountains west of Sheridan, Wyoming; flows across the Wyoming-Montana
border north of Sheridan; and ends at its confluence with the Yellowstone River in Miles City, Montana.
Agriculture represents a major land use within the Tongue River watershed in both Montana and
Wyoming, with much of the agriculture relying on irrigation water from the Tongue River or tributaries
for crop production. Two segments of the Tongue River in Montana (Assessment Unit ID MT42C001_011
and MT42C001_014, Figure 1-1) are not fully supporting their agricultural beneficial use due to probable
causes of salinity impairment(EC) (MT DEQ 2021)).

The Montana Department of Environmental Quality (DEQ) determined that a modeling approach was
the most effective way to identify the contributions of natural and anthropogenic salt loads in the
Tongue River watershed. DEQ began modeling in the early 2000s and initiated several efforts towards
completion of a model. The model chosen by DEQ was the SWATSalt model originally developed by
Texas A & M. DEQ set up the model and started model development but never finished an earlier
calibration of a SWATSalt model for the Tongue River watershed. In 2021, EPA provided funding to DEQ
to update and complete the model through a contract with Tetra Tech. DEQ and EPA worked with Tetra
Tech on model development, including parameterizing, calibrating, and summarizing the model. Many
of the inputs were based on work done in previous DEQ modeling efforts on the Tongue River.

The principal study questions answered by the Tongue River watershed SWAT salinity model included:

1. What are the baseline flow and salinity conditions in the watershed, including the relative
contributions of natural, anthropogenic nonpoint, and anthropogenic point sources of salinity?

2. What anthropogenic sources, cumulatively or individually , can be managed to reduce salinity
and result in meeting salinity water quality standards for the model time period?

The Tongue River salinity model was developed to inform the potential development of one or more
salinity Total Maximum Daily loads (TMDLs) for the Tongue River to satisfy both Montana State Law and
Federal Clean Water Act requirements. TMDLs define a pollutant “budget” and include pollutant loading
allocations to major sources or source categories, with a goal of developing a path toward meeting
applicable water quality standards. By further quantifying the contribution of point sources, modeling
results may also be used in the development of future permit limits under the Montana Pollutant
Discharge Elimination System (MPDES).
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Figure 1-1. Tongue River watershed

2.0 TONGUE RIVER WATERSHED DESCRIPTION

The Tongue River is located in southeastern Montana and northern Wyoming, and flows northward
approximately 265 miles from the Bighorn Mountains of Wyoming to its mouth at Miles City, Montana,
where it joins the Yellowstone River (Figure 1-1). The watershed is approximately 5,400 square miles

(14,000 square kilometers), or about 3.5

6 million acres in size. Elevations in the watershed range from

approximately 2,300 feet at Miles City to approximately 11,750 feet in the Bighorn Mountains (USGS

2022).
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2.1 CLIMATE

Much of the Tongue River watershed is classified as a cold semi-arid steppe climate according to the
Koppen system (Plantmaps 2023). Valleys tend to be moderately arid while hillier regions are slightly
wetter, and the mountains are very wet. Annual precipitation is approximately 12-15 inches throughout
most of the basin valley. Annual precipitation in the Bighorn Mountains can exceed 40 inches. Snowfall
in the valleys is moderate, with snowpack rarely exceeding 12 inches. Snowpack can exceed 10 feet or
more in the mountains and can last well into June in some years (USDA 2023).

2.2 GEOLOGY

The Tongue River basin is located in the northern end of The Powder River Basin in southeast Montana
and northeast Wyoming, spanning about 120 miles east to west and 200 miles north to south. As the Big
Horn mountains uplifted over geologic time they uplifted and tilted sedimentary rocks, which were then
eroded away, creating the plains that span to the east into the area of the Tongue River (Ashley 2005).

Older sedimentary layers are present closer to the mountains and younger layers are present farther
away. In the Big Horn Mountains, the Tongue River originates in a mountain canyon of Madison
Limestone, deposited approximately 350 million years ago. As the Tongue leaves the mountains it flows
through younger formations, including the distinctive thick red Chugwater Formation, deposited
approximately 225 years ago. The Tongue River then enters an area dominated by a thick layer of
sandstones and silty clay. This sedimentary layer is named for the Tongue River itself, “Tongue River
Sandstone”, because its outcrops are dominant in the basin. The Tongue River Sandstone is the
youngest of three "members" which form the Fort Union Formation which dominates in the Tongue
River basin. The other two members are the Lebo Shale Member and the Tullock sedimentary Member,
which are found near the surface closer to Miles City. The Tongue River Member contains extensive coal
reserves, including at least 32 coal seams (Ashley 2005).

Saline soils are naturally occurring in the Tongue River watershed due to weathering of marine
sediments, low precipitation, and high evapotranspiration. High salt concentrations in soil can limit the
amount of plant available water and cause plant mortality, but this varies depending on the type of
plant, soil, root depth, and history of agricultural practices (Thompson 1991) .

2.3 HISTORY AND LAND USE

The Tongue River has a long history of human interest. The area has been inhabited by Native Americans
for several thousand years, including the Crow and Northern Cheyenne tribes (Hanson 1998). The area
was first settled by European Americans in the 1880s when agriculture (cattle grazing and irrigated
crops) was quickly introduced to the watershed. This agricultural tradition continues to the present day.
Additionally, due to the large amount of coal reserves in the watershed, coal mining has had an active
presence in the watershed for over 100 years. Since about the 1990s, coalbed methane (CBM)
extraction has also had an active role in the watershed as well.

Figure 2-1 provides land cover information for the watershed. Note that a large portion of the
watershed is public grazing allotments. Agricultural lands used for irrigated crop production represent
about 3% of the Wyoming portion of the watershed and about 2% of the Montana portion of the
watershed (Wyoming Framework Water Plan 2007; FLU 2019). Much of the crop production is to grow
hay and alfalfa for cattle feed in support of ranching operations.
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Urban development represents only a minor portion of the watershed (~2%) (Figure 2-1), with Sheridan,
WY being the largest city completely within the watershed with a population of 17,860 in 2017. Other
cities and communities include Dayton, WY (population 824 in 2017), Ashland, MT (population 464 in
2000), and Birney, MT (population 108 in 2000). A portion of Miles City, MT is located within the
watershed along the Tongue River near the mouth where the Tongue River flows into the Yellowstone
River (Figure 1-1).

Land ownership is a mix of private, state, federal, and tribal lands (Figure 2-2.) Significant portions of the
state and federal lands support grazing. Coal mining and oil and gas production, including coalbed
methane extraction, occur on a mix of the private, state and federal lands within Wyoming and
Montana.
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Figure 2-1. Land cover in the Tongue River watershed according to the 2006 NLCD which was used to
develop the model.
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Figure 2-2. Land ownership in the Tongue River watershed.
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2.4 HYDROLOGY

The hydrology of the Tongue River watershed is a complex interconnection of fairly regular snowmelt
from the Bighorn Mountains, irregular precipitation, groundwater recharge and discharge, check dams,
and irrigation practices. The Tongue River flows a total distance of about 265 miles, meeting the
Yellowstone River at Miles City, Montana. Major tributaries to the Tongue River within Wyoming include
Goose Creek and Prairie Dog Creeks (Figure 2-3). Badger Creek is located predominately within
Wyoming, entering the Tongue River in Montana a few miles downstream of the Montana-Wyoming
border. Three major tributaries entering the Tongue River in Montana include Hanging Woman, Otter,
and Pumpkin Creeks. Both Otter and Pumpkin Creek watersheds are contained completely within
Montana, whereas approximately 30% of the upper portion of the Hanging Woman Creek watershed is
within Wyoming (Figure 2-3). The Montana tributaries exhibit prairie stream characteristics with flashy
high flows linked to snow melt and/or precipitation events. Baseflows are low, occasionally resulting in
dry channel conditions throughout the length of a tributary during dry periods after snowmelt. These
same prairie characteristics also apply to a few of the major tributaries originating in Wyoming outside
of the Big Horn Mountains, notably Prairie Dog and Badger Creeks.

The Tongue River Reservoir is a 12-mile long, 642 acre impoundment used to store irrigation water and
provide recreation opportunities. The reservoir generally stores excess water during spring runoff with
subsequent discharge for downstream irrigation season use primarily along the Tongue River corridor.
Releases from the reservoir are managed by DNRC in partnership with the Tongue River Water users
Association and are subject to the requirements of the Yellowstone River Compact (Bach 1982).

Streamflow has been monitored by the United States Geological Survey (USGS) at nine locations along
the Tongue River in Montana, and at additional stations in Wyoming (Figure 2-3). The average daily
discharge at the State Line near Decker (USGS 06306300) is approximately 438 cubic feet per second
(cfs), ranging from a low of less than 10 cfs (August 1961 and August 2001) up to a daily high of over
15,000 cfs (May 1978). The average daily discharge near the mouth at Miles City (USGS gage 06308500)
is approximately 437 cubic feet per second (cfs), ranging from a low of 2.2 cfs (May 1981) up to a daily
high of over 12,000 cfs (May 2011).

5/2/23 Stakeholder Draft 6



Tongue River Watershed Salinity Modeling Report — Section 2.0

Stream Flow
Gages Tongue River at Miles City MT

Pl

Native American
Reservations

Gages (Model
Calibration or Input)

O Other Gages

Crow Reservation

Little Goose Creek near Big Horn, WY
0 5 10 20 30 40
O mw m Viles

Figure 2-3. Location of USGS Gage Stations in the Tongue River Watershed

The average daily hydrograph at the Tongue River at state line nr Decker (state line) USGS gage shows
that streamflow peaks in late May-July due to snowmelt and runoff from the Bighorn Mountains, and (to
a lesser degree) precipitation events (Figure 2-4). Baseflow conditions typically occur from about August
through April. The typical annual hydrograph shows a small peak in March due to prairie snowmelt and
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runoff, rain on snow events, etc., and then a larger peak from the mountain snowmelt in May-July
(Figure 2-4). The hydrograph below the reservoir shows more erratic peaks and dips throughout the
year (Figure 2-5). These are likely due to the many prairie streams that enter the river below the dam.
As discussed above, these streams are very flashy and can vary considerably in flow volume in short
periods of time. Pumpkin Creek is a good example — it flows into the Tongue River about 12 miles
upstream of Miles City, and has a median flow value of 0.2 cfs, but has peaked at 4,660 cfs. Although
over the course of the year the prairie streams have very little influence on the cumulative flow of the
Tongue River, at times they can represent the majority of the flow at of the mouth of the Tongue River
at Miles City and at upstream locations where specific tributaries enter the Tongue River. These
tributary impacts on flow can also have short-term significant influences on water quality in the Tongue
River given the variable nature of water quality in many of these Tongue River tributaries in comparison
to the quality of the water released from the Tongue River Reservoir.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 2-4. Average daily discharge (1960-2022) at USGS gage 06306300 (Tongue River at State Line nr
Decker)

5/2/23 Stakeholder Draft 8



Tongue River Watershed Salinity Modeling Report — Section 2.0

1800
1600
1400
1200
1000

800

600

Discharge (cfs)

400
200

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
Figure 2-5. Average daily discharge (1960-1922) at USGS gage 06308500 (Tongue River at Miles City)

2.5 COALBED METHANE ACTIVITY

Coalbed methane (CBM) is methane gas found in coal seams. The gas is usually held in the coal seams in
a near liquid state and is adsorbed to the coal particles (Meredith et al. 2012). Pumping water out of the
aquifers releases the pressure from the coal seams. As the pressure within the coal seam declines due to
natural production or the pumping of water from the coalbed, both gas and produced water come to
the surface. This produced water is typically high in salinity and/or sodium (Ruckelshaus Institute 2005).
While the gas is harvested, the water is typically discharged directly into a stream (with or without
treatment), held in a constructed pond, or used for other purposes such as dust suppression and
livestock watering. Produced water from multiple wells are typically combined before discharging via
one of those methods. Discharges directly to waterbodies are referred to as outfalls in their state-issued
discharge permits. Ponds which do not discharge directly to waterbodies can either be “on-channel”
ponds or “off-channel” ponds (Ruckelshaus Institute 2005), and are also considered outfalls in discharge
permits. On-channel ponds are typically located in ephemeral channels where a dam is constructed and
the water can evaporate or seep into the channel. On-channel ponds are designed to overflow during
precipitation events and potentially discharge to downstream perennial streams when large runoff
events occur. Off-channel ponds are located away from channels where the produced water evaporates
or seeps into the soil where it can be either be used by plants or enter groundwater which can provide a
pathway to surface water. Off-channel ponds are designed to overflow only during extreme
precipitation events. Ponds can also be lined or unlined. Unlined ponds allow impounded water to
infiltrate back to groundwater more easily, but can also cause deterioration of water quality below the
ponds (Meredith et al 2012).

The Tongue River watershed experienced rapid development and rapid decrease of CBM development
throughout the last 20 years. Starting in the late 90s, CBM development began in the watershed and
steadily increased until about 2008 or 2009, when it peaked at over 3,000 wells and then quickly
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dropped as natural gas prices dropped (Figure 2-6). As of 2022, CBM development in the watershed is
limited. Note that produced water rates have a similar trend to the number of active wells in Figure 2-6.

For more information about how CBM activity is accounted for in this model effort, refer to Sections
5.9.2 and 7.2.
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Figure 2-6. Bar graph illustrating number of active wells in the Wyoming and Montana portion of the
Tongue River watershed over time, with the model period (2005-2013) highlighted (Source: MT Board
of Oil and Gas Conservation and WY Oil and Gas Conservation Commission).

2.6 CoAL MINING ACTIVITY

The larger Powder River Basin, of which the Tongue River watershed is a part, is one of the most
productive coal-producing regions in the world (Luppens et al. 2013).

Three active coal mines were present in the Tongue River watershed in Montana during the modelling
period (2000-2013) include Decker West, Decker East, and Spring Creek, (Figure 2-7). All are located in
Montana and discharge to the Tongue River Reservoir or tributaries of the reservoir. Decker West
(MT0000892) and Decker East (MT0024210) have been discharging since mining operations began in the
1970s. Their discharges are permitted under the Montana Pollutant Discharge Elimination System
(MPDES). MPDES records goes back to the late 1990s. Spring Creek (MT0024619) only discharged for
two days during the 14-year study period (during May and June 2005), and both of those discharges only
had observed flows related to rain events with no measured flow rates or concentrations. In addition to
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these mining operations Wolf Mountain (MT0031411) is a coal buyer and seller in the Montana portion
of the watershed that had no discharges during the model period.

In the Wyoming portion of the watershed, Wyoming’s Big Horn Coal Company had a permit
(WY0022519) for Sheridan Mine through 2003. However, no discharges from the mine occurred after
1999. A permit (WY0096288) was issued for the Youngs Creek mine in 2018, which is currently held by
Navajo Traditional. However, the site remains undeveloped and no permit has been reported thusfar
(Personal Communication, Jason Thomas, February 26, 2023).

For information on how discharges from coal mines were accounted for in the model, refer to Section
5.9.3 and Section 7.2. It is worth noting that Decker’s discharges decreased considerably since 2016,
when they stopped discharging from West Decker, and East Decker hit a dry seam. West Decker has not
discharged since 2019, and East Decker has not discharged since 2021. All discharges are currently
halted while the mine pursues reclamation activities, but may resume in the future in order to drain the
ponds when those activities ensue (Personal Communication, Heather Henry, Montana DEQ, February
16, 2023).
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Figure 2-7. Coal mines in the Montana portion of the Tongue River watershed during 2000-2013.
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3.0 WATER QUALITY PARAMETERS OF CONCERN

The water quality parameters of concern in this report are linked to salinity, which is a measure of
saltiness in the water. These parameters include electrical conductivity (EC), specific conductance (SC),
and sodium adsorption ratio (SAR). The main concern is the potential negative effects that elevated
levels of EC, SC and SAR can have on agricultural crop production.

3.1 SALINITY, ELECTRICAL CONDUCTIVITY, AND SPECIFIC CONDUCTANCE

Salinity is the concentration of salt in water. It can be determined by taking a filtered sample and drying
it out to measure the amount of total dissolved solids (TDS) in the water. However, it is much easier to
measure the conductivity of the water, and then correlate conductivity to salinity. The greater the
salinity, the more easily it conducts electricity due to more electrostatically charged particles (e.g.,
anions and cations) in solution. Pure water by itself is a poor conductor of electricity.

Electrical conductivity (EC) is a measure of the ability of water to conduct electricity (Rhoades et al.
1999). The unit of measure for EC is microsiemens per centimeter (uS/cm), which is a measure of
electrical potential (conductance) over a specified distance. EC will vary with temperature since the
ability to conduct electricity is influenced by temperature (it is easier to conduct electricity at higher
temperatures due to greater movement of molecules in solution and an increase in solubility of many
salts). All EC measures used in this report and for modeling purposes are temperature corrected to 25
°C. EC values corrected to 25°C are defined as SC. Because EC meters commonly provide measures that
are corrected to 25 °C, and because the Montana definition of EC is temperature corrected to 25°C
(ARM 17.30.602(7)); EC, SC, and conductivity are all used to describe the same measure and the terms
are used interchangeably in this report. These three terms also describe the extent of saline conditions
or salinity in the water given the strong correlation between TDS and SC/EC measurements in the
Tongue River watershed (Figure 3-1). As shown by Figure 3-1, relatively high TDS values will equate to
relatively high SC or EC values and sources that increase TDS in the water will also proportionally
increase SC and EC. Thus, the term ‘salinity’ is often used interchangeably with EC and SC when
discussing the general saltiness of a waterbody.

Salinity is important to irrigators, because of potential negative effects on crops. Agricultural plants have
difficulty absorbing water from the soil when it is high in salinity, thus when salinity rises above a
specific crop-dependent threshold, crop yields start to decrease. Salinity can be elevated in soils due to
short term application of highly saline irrigation water and/or from a buildup of salinity in soils from
irrigation water when soils are not properly leached (Thompson 1991). Therefore, irrigators want to
irrigate with low salinity water as much as they can, and avoid irrigating with high salinity water when
possible.
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Figure 3-1. Relationship between TDS and SC (or EC corrected to 25 °C) in the Tongue River watershed
at Miles City USGS gage 06308500 (1962-2016)

3.2 SODIUM ADSORPTION RATIO

Sodium adsorption ratio (SAR) is a measure of the ratio of sodium to calcium and magnesium. These
three cations (positively charged particles) make up the majority of cations in most natural waters. SAR
is unitless and is calculated using the following equation:

B [Na]
J([Cal+[Mg])/2 (EQ-1)
Where:
e [Na] = sodium concentration in meg/L (milliequivalents per liter)
e [Ca] = calcium concentration in meg/L
e [Mg] = magnesium concentration in meq/L

Water with an elevated SAR can cause soils to become sodic. Sodic soils typically display a loss of soil
structure, and form a water-tight crust that will dry out the soils (Qadir and Schubert 2002). Highly sodic
soils inhibit most types of agriculture. Sandy soils are less susceptible to effects of elevated SAR than
finer-grained soils.

3.3 MONTANA’S WATER QUALITY STANDARDS FOR EC AND SAR

The state of Montana has developed both EC and SAR numeric water quality standards for water bodies
within the Montana portion of the Tongue River watershed (ARM 17.30.670). These standards were
approved by the Environmental Protection Agency (EPA) as being protective of the agricultural use for
the specific crops grown in the watershed. In the Tongue River during the March 2 through October 31
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period when irrigation is most likely (irrigation season), the monthly average numeric standard for EC is
1000 uS/cm and the monthly average numeric standard for SAR is 3.0. For the period of November 1
through March 1 (non-irrigation season), the monthly average values increase to 1500 uS/cm for EC and
5.0 for SAR. For the Tongue River Reservoir, the monthly average numeric standard throughout the year
for EC is 1000 uS/cm and the monthly average numeric standard throughout the year for SAR is 3.0.
ARM 17.30.670 also includes numeric EC and SAR standards applicable to the tributaries as well as
numeric standards that define individual values (vs. monthly averages) that are not to be exceeded at
any time for the tributaries, Tongue River, and Tongue River Reservoir. Montana’s water quality
standards define EC as being corrected to 25 °C, thus being the equivalent of SC.

The Northern Cheyenne Tribe also has EC and SAR standards where the Tongue River flows through the
Reservation. Both sets of standards are summarized in Table 3-1.

Table 3-1. EC and SAR Water Quality Standards for the Tongue River in Montana

EC EC SAR SAR EC EC SAR SAR
Area of Interest (mthly (mthly (mthly (mthly
(max) (max) (max) (max)
avg) avg) avg) avg)
Montana Irrigation Season Non-Irrigation Season
(3/2-10/31) (11/1-3/1)
Tongue River 1000 1500 3.0 4.5 1500 2500 5.0 7.5
Tributaries 500 500 3.0 4.5 500 500 5.0 7.5
Tongue River Reservoir 1000 1500 3.0 4.5 1000 1500 3.0 4.5
Irrigation Season Non-Irrigation Season
Northern Cheyenne (4/1-11/15) (11/16 - 3/31)
Tongue River 1000 1500 - 2.0 - 1500 - 2.0
Tributaries 1000 1500 - 2.0 - 1500 - 2.0
Wetlands - - - 2.0 - - - 2.0
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4.0 MODEL OVERVIEW

4.1 SWAT MODEL DESCRIPTION

SWAT is a physically-based model that uses topography, climate, soil, land cover, land use, and
management data to calculate a wide range of hydrologic and water quality outputs through physical
equations and laws (Arnold et al. 2012a; Arnold et al. 2012b). SWAT operates at the basin scale making
it a semi-distributed model. Subbasins are defined by topography and a user specified minimum stream
drainage area threshold. Each subbasin contains a reach of the stream that will transfer its loadings at its
outlet to the inlet of the next downstream subbasin therefore creating a stream network.

Within each subbasin, hydrologic response units (HRUs) define unique combinations of land use, soil,
and slope categories. These HRUs are not spatially connected but rather represent a percentage of each
subbasin. HRUs and their unique combination of parameters are used to calculate subbasin outlet
loadings. Driven by water balance equations, the hydrology of a watershed can be simulated by land and
routing phases of the hydrologic cycle. The land phase accounts for climate, hydrology, land cover,
erosion, nutrients, pesticides, salts, and management of each subbasin to calculate loadings into the
stream reach within that subbasin (each subbasin has one stream reach). The routing phase accounts for
water and loadings as they travel through the stream network to the next stream reach or out of the
watershed (Arnold 2012b).

The advantages of SWAT include:

e Itis physically based and uses readily available inputs.

e |tis computationally efficient in that computers can complete simulation calculations within a
reasonable amount of time.

e Itincorporates comprehensive processes by using mathematical equations to represent flow,
fate, and transport and other physical, chemical, and biological interactions.

e It can be used to study long-term effects and to simulate management scenarios.

e It has globally-validated model code, as both the model and its code are publicly available for
free and widely used.

Pollutant yields, water balance, water yield, and sediment yield are computed at the HRU level, and then
are aggregated for subsequent routing through the channel system. SWAT simulates streamflow,
sedimentation, and water quality. Six general compartments are incorporated into the model to
describe the flux of water through the landscape; these include: (1) snow accumulation and melt, (2)
surface runoff, (3) unsaturated zone processes/evapotranspiration, (4) lateral flow, (5) shallow
groundwater flow, and (6) deep aquifer flow. Hydrologic computations are completed using a modified
version of the curve number! (CN) where daily CN is adjusted according to the previous day’s soil water
content (Neitsch et al, 2011 Arnold et al, 201a).

The SWAT modeling project for the Tongue River watershed involves three major phases: 1) model
setup, 2) simulation and calibration and 3) scenario evaluation.

1 The runoff curve number (also called a curve number or simply CN) is an empirical parameter used in hydrology
for predicting direct runoff or infiltration from precipitation.
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Phase 1: Model setup: determining input files and parameters that represent land-use, soils, climate,
and point sources

Phase 2: Model simulation and calibration: comparing flow and water chemistry collected at key
locations to model predictions, and adjusting parameters of the model within reasonable ranges so that
predicted values are within a certain range of data collected under a variety of seasonal and flow
conditions

Phase 3: Model scenario evaluation: modifying land use and point sources to determine the influence
on resulting flows, concentrations, and loads to better understand what factors contribute to the water
chemistry and how management changes could influence salinity concentrations at specific locations
along the Tongue River.

4.2 SWATSALT MODEL MODIFICATION

The SWAT program was modified to create SWATSalt, a module written specifically for Montana DEQ to
specifically model conservative constituents within SWAT. It allows up to 10 separate salt cations to be
simulated and routed through the channel and regressions for converting salt concentrations to SC and
SAR. All the other functionality of the original SWAT model remain in the updated model called
SWATSalt.

SWATSalt does not specifically model SC. Instead, it models individual ions and integrates this
information to determine SC. The SC is dependent upon the sum of all cations and anions in the water
column, and also the fraction of each ion and its charge in the mixture. These relationships are used as
the basis of estimating SC. SWATSalt allows a simple regression to be used to convert the modeled salt
cations to SC.

Generation of cations in the SWATSalt model is done in the HRUs using a simple event mean
concentration (EMC), which is the average concentration in runoff from various land uses multiplied by
runoff volume (with appropriate conversions) to create a mass loading to the water column. One of the
simplifications used in SWATSalt is that water does not retain its mass loading of salt when moving
between water pathways within a sub-basin. For example, if surface runoff pools in a small depression
and slowly infiltrates to groundwater, it loses its EMCs and mass loading attributed to surface water, and
instantly assume the EMCs and mass loading associated with groundwater (usually much higher). This
primarily affects the flow from surface to interflow to groundwater.

SWATSalt includes a simplifying assumption that salts are conserved in the water column, meaning that
they do not precipitate out of the water column (e.g., salts lining the sides of a pond after the water
dries up). Salts are only removed from the modeled stream reaches when water is also removed due to
irrigation diversions or temporary bank storage. This approach likely over-estimates salt loads during dry
times of the year, but averages out over longer time scales at longer time scales (Anning and Flynn 2014)
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5.0 MODEL SETUP

This section of the report describes the setup and initial simulation portion of the Tongue River
SWATSalt model.

5.1 SWATSALT DEVELOPMENT

The original SWATSalt model code was based on revision 663 of SWAT 2012 which was created by Texas
A & M University. As part of this project, Tetra Tech made several needed improvements to the
SWATSalt model in collaboration with DEQ and Texas A & M. These are documented in Appendix A. The
Water Quality Standards and Modeling Section of Montana DEQ can be contacted for more information.
Note that similar capabilities have been added as part of a SWATSalt module that now automatically
comes with the current version of SWAT (Bailey 2019). For the purposes of this report, we refer to the
model developed by DEQ and Tetra Tech for the Tongue River as SWATSalt. The new version available
online is also called SWATSalt and has many of the same features, but may not be exactly the same as
the version described in this report.

A previous model for the entire watershed was completed by EPA (2007a) for USEPA. That project used
the River Loading Simulation Program C (LSPC) but was not used for this project because it did not
include the peak CBM production years (although it could have been updated to include that period),
and because the SWATSalt model has a much more detailed management options and databases for
crops, livestock and irrigation. Given that agriculture is one of the major anthropogenic landuses in the
watershed, that advantage over LSPC was determined to be important to accurately simulate
agricultural and livestock management.

Salt can be added in SWATSalt from two different sources: point sources/inlets and HRUs. For the point
sources/inlets, the concentrations of up to ten salt ions can be included on a daily basis Salt inputs from
the HRUs can be specified as concentrations in surface runoff, lateral flow, groundwater flow, and tile
flow. Defining the salt concentrations at HRU level allows the user to vary them by land use, soil type,
and slope.

For routing through the system, salt cations are assumed to be conservative in the water column
(Anning and Flynn 2014). However, the user can define a delivery ratio to account for settling and
temporary storage within the stream. Also, a monthly adjustment factor can be applied to the HRU
loadings to vary them by month. For this model the delivery ratio and monthly factors were not used to
alter salt cation concentrations.

Generation of cations in the SWATSalt model is done in the HRUs using a simple event mean
concentration (EMC), which is the average concentration in runoff from various land uses multiplied by
runoff volume (with appropriate conversions) to create a mass loading to the water column. SWATSalt
allows a different EMC value (all in mg/L) to be assigned to each land use, for each type of water
pathway (surface, interflow, groundwater, tile flow), and for each ion (Ca, Mg, Na). Determination of
EMC values for this project is discussed in Section 6.3.

Up to ten salt constituents can be simulated and included in the model results. The user can specify
whether salt loads will be written on a daily, monthly, or yearly time step. SWATSalt also includes the
SAR values in the model results. From water quality data collected in the Tongue River, a strong
correlation was found between the sum of the three major cations (Ca, Mg, Na — in milliequivalents per
liter) and SC (Section 6.3) and used outside the model in estimating SC (Section 6.5).
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The SWATSalt guidance document (TAMU 2017; Appendix A) provides additional information on
integrating SWATSalt into SWAT and SWAT Editor. It should be noted that during the calibration process
Tetra Tech discovered and fixed several errors or over-simplification of processes in the SWATSalt code
resulting in differences between the initial DEQ calibration and the final calibration. A description of
these can also be found in Appendix A.

5.2 MODEL DISCRETIZATION AND BOUNDARIES

This modeled area is defined as the Tongue River watershed. However, the SWAT model itself simulated
processes within the mainstem portion of the Tongue River downstream of the Tongue Reservoir Dam,
while inputs from tributaries and Wyoming (Section 5.9.1) were based on other models and
relationships (Figure 6-1).

To adequately simulate spatial processes in the SWAT model portion of the watershed, each sub-basin is
based on the 6 code hydrologic unit code (HUC) boundary. This resulted in a total of 67 sub-basins
within the SWAT model (Figure 5-1), which ranged in size from 668 to 39,869 acres (Figure 5-1). Mean
elevations within sub-basins varied, with approximately 1,500 feet of elevation difference between the
highest subbasin and the mouth (Appendix B). Inlet files were used to provide data related to flow and
salinity sources from key tributaries and the Tongue River Reservoir (Section 5.9). USGS gauging station
with relatively complete flow and EC data during the model period (2005-2013) were used as calibration
stations (Section 6.5).
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Figure 5-1. Model schematic used in the Tongue River modeling effort. The white region indicates the
portion estimated within the SWAT model, while the pink portion was estimated using other models
or methods and added as inlet files.
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5.3 DIGITAL ELEVATION MODEL

The USGS National Elevation Dataset is a 30 meter gridded, high-resolution compilation of elevation
data used that was used for watershed delineation, flow accumulation processing, and slope
determination.

5.4 SOILS AND SLOPES

Soils in the Tongue River watershed exhibit considerable spatial variability. Soil Survey Geographic
Database (SSURGO) soil data was processed independently for use in the model. A total of 449 soil map
unit IDs (MUIDs) occur in the calibration area, as defined by the U.S. Department of Agriculture Soil
Survey Geographic Database (SSURGO; https://data.nal.usda.gov/dataset/soil-survey-geographic-
database-ssurgo D). Most of the SWAT-modeled portion of the watershed belongs to the B (silt loam)
and C (sandy clay loam) hydrologic soil groups (HSGs) (Figure 5-2), indicating moderate to low
infiltration capacities. Soils tend to have more clay content near the mouth of the Tongue River, and
especially in the irrigated areas along the T&Y canal.

A multiple slope classification scheme was used in the model setup (Table 5-1). Topographic slope in

much of the watershed (approximately 85%) exceeds 5%, indicating moderate to high slope. Runoff
simulation in SWATSalt is based on the empirical Natural Resources Conservation Sources (NRCS) curve

number method.
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Figure 5-2. Distribution of Hydrologic Soil Groups by land use categories in the Tongue River SWATSalt
model
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Table 5-1. Distribution of slope classes in
the model setup

Slope Category (%) Watershed Percent
0-2 3%
2-5 10%
5-10 23%
0,
10-9999 65%

5.4 LAND COVER

Land cover in the model was based on the National Land Cover Database NLCD 2006 data set (Table 5-2;
Figure 5-3). SWAT uses land cover to model uptake by plants, which can ultimately affect the amount
and timing of the water entering the stream network (Engida et al. 2021). For the model calibration area
(portion of the watershed below the Tongue River Dam), over 95% of the area is classified as forest,
grassland, or shrubland. Cultivated crops and pasture/hay areas are generally found along the Tongue
River and account for approximately 1.8% of the SWAT-modeled watershed area (Table 5-2). Cultivated
crops and pasture/hay categories were simulated as irrigated hay or alfalfa in the SWATSalt model.
While a smaller percentage of cropland is non-irrigated or of a different crop type, alfalfa and hay
comprised the large majority of cropland in the watershed based on National Agricultural Statistic
Service (NASS) statistics and a previous survey of growers. Therefore, other low acreage crops were not
included in the model.

Urban-residential development occurs in the lower modeled area in and around Miles City, and is
virtually absent from the remainder of the modeled area. The majority of the urban land cover consists
of roads. Overall, urban land cover, which also includes the towns of Birney and Ashland (Figure 1-1)
only accounts for about 0.5% of the modeled area.

Land use in the watershed has not changed significantly during the model period, therefore the 2006
NLCD land-use data is considered adequate to reflect the actual land use within the watershed during
the model period.
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Figure 5-3. Land cover in the Tongue River watershed
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Table 5-2. Tongue River land use based on NLCD version 2006, which was used in model
development

Land use Code Area Area (% of

Land use Type (SWAT) Area (ha) (acres) total)
Water WATR 297 734 0.1%
Residential-Low URLD 1,599 3,952 0.4%
Residential-High URHD 264 651 0.1%
Arid Rangeland SWRN 680 1,681 0.2%
Forest-Deciduous FRSD 118 292 0.0%
Forest-Evergreen FRSE 84,910 209,817 18.8%
Range-Brush RNGB 133,047 328,765 29.5%
Range-Grasses RNGE 212,247 524,472 47.0%
Hay HAY 2,744 6,781 0.6%
Ag Land - Row Crops AGRR 5,220 12,899 1.2%
Wetlands-Forested WETF 7,481 18,484 1.7%
Wetlands-Non-Forested WETN 2,559 6,323 0.6%

Totals 451,166 | 1,114,852 *100%

*Due to rounding, the sum of this column is slightly over 100.

5.5 HRU GENERATION

In SWAT, Hydrological Response Units, or HRU’s are unique combinations of land cover, soil and/or
slope classes distributed over a subwatershed, and a single HRU can be found at different locations
within that subwatershed. It is an effective way to simplify representation and simulation of watershed
processes in modeling (Gassman 2007).

HRU thresholds were used to delineate areas that comprised a small proportion of the study area.

For the Tongue River SWAT Model, thresholds of 5 and 10% were imposed on land use, soil and slope,
respectively. Pixels that comprised a smaller proportion of the study area were redistributed into the
other HRU’s that met the threshold criteria, which is a common practice (Frankenberger et al. 2015).
However, developed land, cultivated crops, and hay land uses were exempt from the thresholding
process. This resulted in 1,839 hydrologic response units (HRUs) that represent combinations of land
use/land cover, slope, and soils.

5.6 ROUTING GEOMETRY

Channel measurements were taken by the USGS at several locations in the watershed. In addition,
DEQ’s field team observed the channel width and depth in a few locations. These values were used to
define the channel geometry, when available. Literature values were used if no measurements were
taken (Chase 2015). If no data or literature values were available for a particular location, a USGS
channel geometry-drainage area regression for western Montana (Lawlor 2004) was used, along with
aerial photo interpretation. Manning’s n values were in the range typical of natural stream systems
(0.025 to 0.045). Routing coefficients used in the model can be found in Appendix C.
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5.7 CLIMATE

Climate information is critical for model calibration. Solar radiation, dewpoint, relative humidity, and
wind speed were obtained from the Miles City Airport and the Sheridan Airport, while daily temperature
was acquired from nearby National Climatic Data Center (NCDC) and Western Regional Climate Center
(WRCC) Remote Automated Weather stations (RAWS) (Table 5-3). Several of the climate stations were
slightly outside the watershed. However, these stations had a relatively complete data set for the
modeling time frame, and thus were used in the analysis. The model is configured to run at a daily time-
step from 1/1/2000 to 12/31/2013, with 2000 to 2004 used for model “warm-up”. This time frame
(2000 through 2013) corresponds to a period when the greatest amount of climatic, hydrologic, and
water-quality data were available. There are no SNOTEL stations in the model calibration area that could
be used to calibrate snowpack results in SWAT.

Evapotranspiration (ET) is the combined loss of water from surface evaporation and by transpiration
from plants. The potential evapotranspiration (PET) is the ET in a densely vegetated plant-soil system if
soil water content was continuously maintained at an optimal level. Although there are some tests
available for actually measuring evapotranspiration in the field, most practitioners estimate
evapotranspiration using empirical formulations that are a function of other related (and more
commonly observed) weather data. (EPA, 2007a). There are no PET stations located in or near the
watershed. Since detailed observed PET data was not available, the PET was PET calculated internally by
the model during run-time using the Penman-Monteith method. Calculated PET is potentially a source of
model uncertainty and error (Section 8.1).

Table 5-3. Location of weather stations used in Tongue River model development.

Avg Avg Avg .
. Elevation
. Station Annual Annual Annual
Location . . (ft Parameter for Model
Type Precip. Max Min AMSL)
(in) Temp (F) | Temp (F)
Badger Peak RAWS - 56.4 38.5 4,341 Temperature
Wolf
© . RAWS 15.1 54.6 35.8 5,217 Precipitation, Temperature
Mountain
Fort Howes RAWS 12.3 60.8 31.8 3,380 Precipitation, Temperature
Volborg NCDC 15.7 - - 2,979 Precipitation
Brandenberg NCDC 14.7 61.7 32.4 2,769 Precipitation, Temperature
Busby NCDC 14.7 60.2 30 3,432 Precipitation, Temperature
Decker NCDC 12.8 - - 3,520 Precipitation
. . Temperature, Precipitation, Solar
Mil AP NCD 12.7 2 4.7 2,62
fles City cbe >9 3 625 Radiation, Dewpoint, Wind Speed
Sheridan AP | NCDC ; 60.1 29.4 3,967 zg:"; dRad'at'O”’ Dewpoint, Wind
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5.8 AGRICULTURAL MANAGEMENT PRACTICES

5.8.1 Auto-irrigation model

The SWAT auto-irrigation model used in the management scenario (see Section 5.8.2) was based on the
water plant demand by setting the water stress threshold (AUTO-WSTRS) to 0.9. AUTO-WSTRS is defined
as the fraction of potential growth. AUTO-WSTRS varies between 0.00 and 1.00, with 0 indicating no
growth of the plant due to water stress and 1.0 indicating no reduction of plant growth due to water
stress. It is usually set between 0.90 and 0.95 (Arnold et al. 2012b). For the Tongue River Model,
anytime the water demand exceeds 0.9, or 90% of the field capacity, the model automatically withdraws
a set amount of water from the river to satisfy it. The excess water is then returned to the river flow via
overland flow, interflow (subsurface unsaturated flow), and groundwater.

5.8.2 Management schedules
Select agricultural and water management practices were simulated in SWAT by adjusting the scheduled
management operations as described in the following section.

Schedule type

SWAT can represent agricultural management practices with several different schedules. Date-based
schedules identify operations that are implemented strictly on the month and day specified by the user.
Actual management operations on the field, however, may vary by year and are dictated by local
variables such as weather and soil conditions. The heat-unit based scheduling in SWAT adjusts the
timing of management operations based on fraction of heat units accumulated and may better
represent the year-to-year variability in the timing of management practices than date-based
scheduling. However, date-based scheduling allows for a more precise control on grazing practices
which appear to alternate between hay/alfalfa/grassland and shrubland areas during the fall-winter and
spring-summer seasons, respectively. Date-based scheduling was used in the SWATSalt model (see Table
5-4) .

Harvest schedule

Most alfalfa and hay rotations typically span several years before re-planting or re-seeding. Therefore,
harvest only operation was simulated instead of harvest and kill, except that an end of growing season
date was added to prevent inadvertent automatic crop irrigation during warm days in the winter before
actual irrigation begins. Management schedules specified for hay and alfalfa in the model are
summarized in Table 5-4.

Irrigation efficiency

Irrigation efficiency refers to the ratio between irrigation water used by growing crops and the amount
diverted. Irrigation along the mainstem Tongue River consists of center pivot or flood irrigation of fields
near the Tongue River. Both types of irrigation pull river water directly from the Tongue River, starting in
the spring and finishing by October. The Tongue River has high quality irrigation water — though the SC
occasionally rises above 1,000 pS/cm during the spring months and can often be above 1,000 uS/cm in
the lower portion of the river below the T&Y Diversion. Based on discussions with landowners and DNRC
staff, DEQ estimates that of the approximately 20,000 acres of irrigated land along the SWAT-modeled
Montana portion of the Tongue River, approximately 65% is flood irrigated, and 35% is center pivot.

A multi-year study conducted by the Tongue River Agronomic Monitoring and Protection Program
(AMPP) for the Montana Board of Qil & Gas Conservation (MBOGC) applied 1 inch of water every 3 to 4
days on sprinkler irrigated and 3 inches of water every 9 to 12 days on flood irrigated experimental plots
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(MBOGC 2011a). The study reports a 100% efficiency for flood irrigation while noting that under normal
conditions the maximum efficiency is about 50%. An efficiency for sprinkler irrigation is not reported
although based on the configuration of sprinkler heads a 100% efficiency may be assumed. However,
Gilley and Watts (1977) reports an efficiency of 60-90% for sprinkler (center pivot irrigation) irrigation.
For the purposes of this model a value of conservative value of 70% was used for the following
parameterization:

e Sprinkler Irrigation - 25.4 mm (1 inch) of water per application with an efficiency of 70%.
e Flood Irrigation - 76.2 mm (3 inches) of water per application with an efficiency of 50%.

The surface runoff ratio specified during an irrigation operation is the proportion of the applied
irrigation water that is directly lost as surface runoff. The remaining amount percolates to the soil and is
subject to the SWAT model’s soil water routing algorithms including uptake by plants, evaporation,
lateral flow, and percolation to lower soil layers. Based on discussions with local experts, the surface
runoff ratio was set to 0 for sprinkler irrigation and 0.01 for flood irrigation (personal communication,
Custer County Extension Agent Mike Schuldt, 9/29/21).

Grazing

The total number of cattle grazing within the SWAT-modeled portion of the Tongue River watershed was
determined based on the total number of cattle reported by the US Department of Agriculture (USDA)
National Agricultural Statistics Service (NASS) for Big Horn, Custer, Powder River and Rosebud counties,
and the fractions of the county areas within the watershed (the USDA NRCS reports 174,000 cattle for
the above four counties). This resulted in approximately 16,800 cattle available for grazing within the
watershed. The cattle count was multiplied by a factor of 1.2 (to account for horses, sheep and hogs)
raising the total number of grazers to 20,000. Grazing, trampling and manure deposition rates of 40, 36
and 15 lbs of dry matter per day per animal, respectively, were assumed.

Winter grazing is simulated on hay, alfalfa and grassland areas from October 15 through April 14. The
as confirmed with local experts (personal communication with Art Hayes, Tongue River Water Users
Association, December 2020 and May 2021). Grazing is evenly distributed over those land uses. The
biomass consumption, trampling and manure deposition rates were revised to ensure that the same
number of animals were grazing from October 15-April 14 on hay, alfalfa and grassland, and from April
15-October 14 on shrubland.

Table 5-4. Agricultural management schedules in the SWATSALT model

Crop Date Operation
3/1 Tillage (Rototiller)
3/2 Plant Alfalfa/Begin Growing Season

e Begin auto-fertilization with 25-05-00 (N-P-K)

e Auto-fertilization triggered when N-stress is above 0.9
4/1 (within the suggested range of 0.9-0.95 (Arnold et. Al.)
Alfalfa e Maximum annual application limited to 10 lbs-N/ac
(Jacobsen et. Al, 2005)

e Begin auto-irrigation as a function of “Plant Water
Demand”

e Maximum 25.4 mm (sprinkler irrigation) of water per
application

5/1
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Table 5-4. Agricultural management schedules in the SWATSALT model

Crop

Date

Operation

Auto-irrigation triggered when water stress falls below
0.9

Irrigation efficiency specified as 0.7 (sprinkler irrigation)
Surface runoff ratio=0

7/20

Harvest

10/15

Harvest

10/15

Begin grazing by beef cattle

Minimum biomass for grazing to occur = 200 kg/ha
Continuously grazed for 182 days

Biomass removal rate = 1.60 kg/ha/day

Biomass trampling rate = 1.44 kg/ha/day

Manure deposition rate = 0.60 kg/ha/day

11/30

Kill or End Growing Season

Hay

3/1

Plant Hay/Begin Growing Season

3/2

Begin auto-fertilization with 25-05-00 (N-P-K)
Auto-fertilization triggered when N-stress is above 0.9
Maximum annual application limited to 35 Ibs-N/ac
(Jacobsen et. Al., 2005)

5/1

Begin auto-irrigation as a function of “Plant Water
Demand”

Maximum 76.2 mm (flood irrigation) of water per
application

Auto-irrigation triggered when water stress falls below
0.9

Irrigation efficiency specified as 0.5 (flood irrigation)
Surface runoff ratio = 0.01

6/15

Harvest

9/15

Harvest

10/15

Begin grazing by beef cattle

Minimum biomass for grazing to occur = 200 kg/ha
Continuously grazed for 182 days

Biomass removal rate = 1.60 kg/ha/day

Biomass trampling rate = 1.44 kg/ha/day

Manure deposition rate = 0.60 kg/ha/day

11/30

Kill or End Growing Season

Shrubland

4/15

Begin grazing by beef cattle

Minimum biomass for grazing to occur = 500 kg/ha
Continuously grazed for 182 days

Biomass removal rate = 2.66 kg/ha/day

Biomass trampling rate = 2.40 kg/ha/day

Manure deposition rate = 1.00 kg/ha/day

Grassland

10/15

Begin grazing by beef cattle

Minimum biomass for grazing to occur = 500 kg/ha

5/2/23

Stakeholder Draft

28



Tongue River Watershed Salinity Modeling Report — Section 5.0

Table 5-4. Agricultural management schedules in the SWATSALT model

Crop Date Operation

e Continuously grazed for 182 days

e Biomass removal rate = 1.60 kg/ha/day

e Biomass trampling rate = 1.44 kg/ha/day
e Manure deposition rate = 0.60 kg/ha/day

Table 5-4. Agricultural management Schedules the SWATSalt Model

Wyoming management

Irrigation in Wyoming is also combination of flood and sprinkler irrigation, and flow from the Big Horn
Mountains provides low EC water that in places travels several miles via ditches to irrigated fields.
Irrigation practices in Wyoming were not explicitly captured in the Tongue River Reservoir inlet file.
However, for the natural conditions scenario, the load of salt cations from Wyom