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NOTE: The Board will make reasonable accommodations for persons with disabilities who wish to participate in this meeting. Please contact the Board
Secretary by telephone (406-444-2544) or by e-mail (jwittenberg@mt.gov) no later than 24 hours prior to the meeting to advise her of the nature of the
accommodation needed.

9:00 A.M.
I. ADMINISTRATIVE ITEMS
A. REVIEW AND APPROVE MINUTES
The Board will vote on adopting the July 31, 2015, meeting minutes.
Il. BRIEFING ITEMS
A. CONTESTED CASE UPDATE
1. Enforcement cases assigned to the Hearing Examiner

a. In the matter of violations of the Public Water Supply Laws by Rene Requa at
Highlander Bar and Grill, PWISD MT0004764, Lewis and Clark County (FID 2299,
Docket No. PWS-14-08), BER 2014-09 PWS.

b. In the matter of violations of the Water Quality Act by Reflections at Copper Ridge,
LLC at Reflections at Copper Ridge Subdivision, Billings, Yellowstone County
(MTR105376), BER 2015-01 WQ. On August 25, the parties filed a Stipulation to Stay
Scheduling Order.

c. In the matter of violations of the Water Quality Act by Copper Ridge Development
Corporation at Copper Ridge Subdivision, Billings, Yellowstone County (MTR105377),
BER 2015-02 WQ. On August 25, the parties filed a Stipulation to Stay Scheduling Order.

d. In the matter of violations of the Water Quality Act by Buscher Construction and
Development, Inc., at Poly Vista Estates, Trailhead, and Falcon Ridge Il Subdivisions,
Billings, Yellowstone County, BER 2015-03 WQ. The Board received the appeal on June
8, 2015. On September 25, the hearing issued a First Prehearing Order requesting the
parties file a proposed schedule by October 6, 2015.

2. Non-enforcement cases assigned to the Hearings Examiner

a. In the matter of the notice of appeal and request for hearing by Yellowstone Energy
Limited Partnership (YELP) regarding issuance of MPDES Permit NO. MT0030180 for
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YELP’s facility in Billings, MT, BER 2014-01 WQ. On June 11, attorney for appellant filed
Unopposed Motion to Extend Stay and Reporting Deadlines, requesting continuance of
the Stay until February 1, 2016. On June 16, 2015, the hearing examiner issued Order
Extending Stay / Reporting Deadlines, continuing the Stay until February 1, 2016.

In the matter of Phillips 66 Company’s appeal of Outfall 006 Arsenic Limits in Montana
Pollution Discharge Elimination System Permit No. MT0000256, Billings, Yellowstone
County, MT, BER 2014-05 WQ. On March 11, 2015, the parties filed a Stipulation to Stay
Appeal until December 31, 2017. On March 25, the hearing examiner issued Order
approving the stipulation and ordered the parties to comply with the terms or the
stipulation.

In the matter of Columbia Falls Aluminum Company’s (CFAC) appeal of DEQ’s
modification of Montana Pollutant Discharge Elimination System Permit No.
MTO0030066, Columbia Falls, Flathead County, MT, BER 2014-06 WQ. On March 25,
2015, the hearing examiner issued Scheduling Order setting a hearing for April 18, 2016.

3. Contested Cases not assigned to a Hearing Examiner

In the matter of the notice of appeal and request for hearing by Western Energy
Company (WECO) regarding its MPDES Permit No. MT0023965 issued for WECO’s
Rosebud Mine in Colstrip, BER 2012-12 WQ. On April 9, 2014, the hearings examiner
issued an Order Granting the Joint Unopposed Motion for Partial Remand of Permit to
Department of Environmental Quality and for Suspension of Proceedings. On May 14,
2014, DEQ filed a Status Report regarding the matter stating that a modified permit
would be made available for public comment on or before June 9, 2014.

B. OTHER BRIEFING ITEMS

1. The department will brief the board on water quality standards, TMDL’s and electrical

conductivity (EC) and sodium adsorption ratio (SAR) standards Otter Creek, tributary to the
Tongue River.

lll. ACTION ITEMS

A. NEW CONTESTED CASES

1.

BER Agenda

In the matter of the revocation of Montana Air Quality Permit No. MAQP# 2554-05, issued
to Eureka Pellet Mills (Inc.), Eureka, Lincoln County, MT, BER 2015-04a AQ; the revocation
of Montana Air Quality Permit No. MAQP 3039-02, issued to Eureka Pellet Mills (Inc.),
Superior, Mineral County, MT, BER 2015-04b AQ; and the revocation of Montana Air
Quality Permit No. MAQP# 4057-00, issued to Montana Renewable Resources (LP),
Eureka, Lincoln County, MT, BER 2015-04c AQ. The Board received the appeals from Patrick
Pozzi on August 10, 2015. On September 25, Mr. Pozzi notified the Board’s attorney that
they had shut the mills down, so the cases should expire. The Board may assign a
permanent hearing examiner or decide to hear the matter.

In the matter of Heart K Land & Cattle Co.’s appeal of its final 401 Certification with
conditions, BER 2015-05 WQ, application No. MT4010948; MWO-2013-00590-MTB-
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Addendum, issued by DEQ for the Yellowstone River, Park County, MT. The Board received
the appeal on July 17, 2015. On September 25, Interim Hearing Examiner Ben Reed issued a
First Prehearing Order requesting the parties file a proposed scheduling order by October 6,
2015. The Board may assign a permanent hearing examiner or decide to hear the matter.

3. In the matter of Westmoreland Resources, Inc.’s, BER 2015-06 WQ, appeal of final MPDES
permit No. MT0021229 issued by DEQ for the Absaloka Mine in Hardin, Big Horn County,
MT. The Board received the appeal on September 29, 2015. The Board may assign a
permanent hearing examiner or decide to hear the matter.

B. INITIATION OF RULEMAKING
DEQ will propose that the Board initiate rulemaking to:

1. Repeal ARM 17.8.334, 17.8.335, and 17.8.772 pertaining to Emission Standards for Existing
Aluminum Plants and Mercury Allowance Allocations under Cap and Trade Budget,
respectively. The Department is proposing the repeal of rules which are no longer used, or
for which affected sources no longer are operational or for which corresponding federal
requirements have been invalidated.

2. Generally revise the rules implementing the Opencut Mining Act (“the Act”), ARM Title 17,
Chapter 24, Subchapter 2, in response to changes to the Act enacted in the 2007, 2009, and
2013 legislative sessions; to generally to clarify and simplify the rules by reorganizing the
provisions to avoid treatment of single concepts in multiple rules, eliminate redundant
provisions, and improve syntax; and to make substantive changes to remove unnecessary
requirements and add requirements that improve reclamation and regulatory process.

3. In the matter of the repeal of ARM 17.4.201, 17.30.645, 17.30.1386, 17.30.1401,
17.30.1402, 17.30.1405, 17.30.1406, 17.30.1407, 17.30.1410, 17.30.1411, 17.30.1412,
17.30.1413, 17.30.1414, 17.30.1419, 17.30.1420, 17.30.1421, 17.30.1425, 17.30.1426,
17.30.1602, 17.30.2001, 17.30.2003, 17.38.601, 17.38.602, 17.38.603, and 17.38.607. The
Department has determined that these rules duplicate statute or rule or are otherwise
unnecessary, and the Department will recommend that the Board initiate rulemaking to
repeal these rules.

C. REPEAL, AMENDMENT, OR ADOPTION OF FINAL RULES

1. In the matter of final adoption of the proposed new rules, to meet the requirements of
Section 128 of the federal Clean Air Act (CAA) regarding State boards and “conflict of
interest.” The Department is requesting that the Board adopt the new rules with an
amendment.

D. FINAL ACTION ON CONTESTED CASES

1. In the matter of the notice of appeal for hearing by Montana Environmental Information
Center regarding DEQ’s approval of coal mine permit No. C1993017 issued to Signal Peak
Energy, LLC, for Bull Mountain Mine No. 1 in Roundup, MT, BER 2013-07 SM. The Board
will consider and may take action on the Parties’ Motions and Oppositions for Summary
Judgment and the Proposed Findings of Facts and Conclusion of Law filed by the Parties.
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2. In the matter of violations of the Opencut Mining Act by Bay Materials, LLC at Normont
Farms Pit, Toole County, Montana, BER 2014-07 OC. On August 27, 2015, the parties filed a
Stipulation to Dismiss Contested Case Proceeding. An order dismissing the matter will be
presented for signature by the Chair.

3. In the matter of violation of the Opencut Mining Act by Somont Oil Company, Inc., at
Somont Oil Company gravel pit, Toole County (Permit No. 2597, FID 2326, Docket No. OC-
14-021), BER 2014-08 OC. On August 31, the parties filed a Stipulation to Dismiss Contested
Case Proceeding. An order dismissing the matter will be presented for signature by the
Chair.

IV. GENERAL PUBLIC COMMENT

Under this item, members of the public may comment on any public matter within the jurisdiction
of the Board that is not otherwise on the agenda of the meeting. Individual contested case
proceedings are not public matters on which the public may comment.

V. ADJOURNMENT
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MINUTES
July 31, 2015

Call to Order

The Board of Environmental Review’s regularly scheduled meeting was called to order by Madam
Chair Shropshire at 9:01 a.m., on Friday, July 31, 2015, in Room 111 of the Metcalf Building,
1520 East Sixth Avenue, Helena, Montana.

Attendance

Board Members Present: Chairman Joan Miles, Robin Shropshire, Chris Tweeten, Marietta Canty,
Michele Reinhart Levine, Roy Sayles O’Connor, Dr. Robert Byron

Board Attorney Present: Ben Reed, Attorney General’s Office, Department of Justice
Board Secretary Present: Joyce Wittenberg
Court Reporter Present: Laurie Crutcher, Crutcher Court Reporting

Department Personnel Present: Tom Livers — Director; George Mathieus, Deputy Director; John
North, Dana David, and Norm Mullen — Legal; Kristi Ponozzo — Director’s Office; John
DeArment — Permitting & Compliance Division; Dave Klemp, Hoby Rash, Julie Merkel, Eric
Merchant, Liz Ulrich, Rebecca Harbage, Charles Homer, and Annette Williams — Air Quality
Bureau; Fugene Pizzini — Public Water Supply & Subdivisions Bureau; John Arrigo —
Enforcement Division; Kari Smith — Planning Division; Jon Kenning and Christian Schmidt —
Water Protection Bureau; Eric Urban, Erik Makus, Michael Pipp, Amy Steinmetz — Water
Quality Planning Bureau; Ed Coleman and Chris Yde — Industrial & Energy Minerals Bureau

Interested Persons Present: Brenda Lindlief Hall and Art Hayes, Jr. — Tongue River Water Users
Association (TRWUA); Vicky Walsh — Bison Engineering; Dave Simpson and Vicki Marquis —
Otter Creek Coal; Mark Fix (self); Adam Haight, DarAnne Dunning, Beth Kaeding, Ella Smith,
and Janet McMillan — Northern Plains Resource Council (NPRC); Jason Gildea —
Environmental Protection Agency (EPA); Kate French (self); Derf Johnson and Jim Jensen —
Montana Environmental Information Center (MEIC); Peggy Trenk — Treasure State Resource
Industry Association (TSRIA); Sara Berg and Christy McCann — Society of Petroleum Engineers
(SPE)

Interested Persons Present via Telephone: Heidi Kaiser (self)



LA.

IB.

II.A1.a.

II.A.1.b.

I Al.c.

II.A.1.d.

I A.le.

II.A.2.a.

Chairman Miles introduced herself and had the other Board members follow suit.
Review and approve May 29, 2015, Board meeting minutes.

Chairman Miles called for a motion to approve the May 29, 2015, meeting minutes.
Ms. Shropshire so MOVED. Ms. Canty SECONDED the motion. The motion
CARRIED with a unanimous vote.

October Meeting Date Discussion

Chairman Miles explained that the October was moved to October 16. She also noted
that the Board will set the 2016 schedule at the December 4 meeting.

In the matter of violations of the Opencut Mining Act by Bay Materials, LLC at
Normont Farms Pit, Toole County, BER 2014-07 OC.

Mr. Reed said this matter is going through discovery among the parties and the
hearing is scheduled for October.

In the matter of violation of the Opencut Mining Act by Somont Oil Company, Inc., at
Somont Oil Company gravel pit, Toole County (Permit No. 2597, FID 2326, Docket No.
OC-14-021), BER 2014-08 OC.

Mr. Reed said this matter is going through discovery among the parties and the
hearing is scheduled for October.

In the matter of violations of the Public Water Supply Laws by Rene Requa at
Highlander Bar and Grill, PWSID MT0004764, Lewis and Clark County (FID 2299,
Docket No. PWS-14-08), BER 2014-09 PWS.

Mr. Reed said the parties negotiating settlement in this matter.

In the matter of violations of the Water Quality Act by Reflections at Copper Ridge,
LLC, at Reflections at Copper Ridge Subdivision, Billings, Yellowstone County
(MTR105376), BER 2015-01 WQ.

Mr. Reed said this matter is going through discovery among the parties.

In the matter of violations of the Water Quality Act by Copper Ridge Development
Corporation at Copper Ridge Subdivision, Billings, Yellowstone County (MTR105377),
BER 2015-02 WQ.

Mr. Reed said this matter is going through discovery among the parties.
In the matter of the notice of appeal and request for hearing by Yellowstone Energy
Limited Partnership (YELP) regarding issuance of MPDES Permit No. MT0030180 for
YELP’s facility in Billings, MT, BER 2014-01 WQ.

Mr. Reed reported that he had signed an order extending the stay and reporting
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1I.A.2.b.

II.A2.c.

II.A3.a.

11.B.

IIL.A1.

II1.B.1.

deadlines in this matter.

In the matter of Phillips 66 Company’s appeal of Outfall 006 Arsenic Limits in MPDES
Permit No. MT0000256 Billings, Yellowstone County, BER 2014-05 WQ.

Mr. Reed said the parties in this matter have stipulated and are complying with the
stipulation.

In the matter of Columbia Falls Aluminum Company’s (CFAC) appeal of DEQ’s
modification of MPDES Permit No. MT0030066, Columbia Falls, Flathead County, BER
2014-06 WQ.

Mr. Reed reported that he had issued a scheduling order in this matter.

In the matter of the notice of appeal and request for hearing by Western Energy
Company (WECO) regarding its MPDES Permit NO. MT0023965 issued for WECO’s
Rosebud Mine in Colstrip, BER 2012-12 WQ.

Mr. North explained that plaintiffs had filed in District Court and is proceeding on
motions for summary judgment in Helena District Court. He noted that oral argument
had and the parties are awaiting a decision from the Judge.

Legislative Briefing

Mr. Mathieus provided a briefing on the Department’s recent Legislative activity that
impacts the Board. There was some discussion among the Board and Mr. Mathieus
responded to questions.

In the matter of violations of the Water Quality Act by Buscher Construction and
Development, Inc., at Poly Vista Estates, Trailhead, and Falcon Ridge II Subdivisions,
Billings, Yellowstone County, BER 2015-03 WQ.

Chairman Miles called for motion to either hear the matter directly or assign it to Mr.
Reed. Ms. Shropshire MOVED to assign the matter to Mr. Reed. Mr. O’Connor
SECONDED the motion. The motion CARRIED with a unanimous vote.

In the matter of the Department’s request to initiate rulemaking to adopt site-specific
electrical conductivity (EC) and sodium adsorption ratio (SAR) criteria for Otter Creek,
tributary to the Tongue River.

Mr. Mathieus introduced the proposal and provided some background about the rule
package.

Ms. Steinmetz addressed the Board with a PowerPoint presentation. Ms. Steinmetz,
Mr. Mathieus, and Mr. Makus responded to questions from the Board.

Ms. Dunning gave a PowerPoint presentation on behalf of Northern Plains Resource
Council, providing information they said shows why the rule would not be protective of
Otter Creek users. She responded to questions from the Board.
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1I1.B.2.

VI

Mr. Hayes also gave a PowerPoint presentation and provided documents to support
his stance to not conduct this rulemaking as is, that it may be better to reevaluate the
current rules.

Mr. Fix, Ms. French, Mr. Jensen, Ms. Lindlief-Hall, and Ms. Kaeding also testified
against the rulemaking and answered questions from the Board.

Ms. Marquis and Mr. Simpson spoke in favor of moving the process forward through
the rulemaking, stating that twelve stakeholder meetings have already taken place. They
responded to questions from the Board.

The Board engaged in discussions regarding the proposal. The Board took no action
on the agenda item. Board members were instructed to send any specific questions they
have to Mr. Mathieus.

In the matter of the Department’s request to initiate rulemaking to meet the requirements
of Section 128 of the federal Clean Air Act (CAA) regarding state boards and “conflict of
interest.”

Mr. North provided information on the rulemaking. He said the department
recommends the Board initiate the rulemaking without a public hearing contemplated.

Chairman Miles called for public comment. There was none. Mr. Tweeten MOVED
to initiate the rulemaking as requested by the department. Dr. Byron SECONDED the
motion. The motion CARRIED with a unanimous vote.

Contested Case Hearing

The Board held oral argument in the matter of the notice of appeal for hearing bt
Montana Environmentaql Information Ceter regarding DEQ’s approval of coal mine
permit No. C1993017 issued to Signal Peak Energy, LLLC, for Bull Mountain Mine No. 1
in Roundup, MT, BER 2013-07 SM.

Adjournment

At 4:18 p.m., upon conclusion of the hearing, Chairman Miles called for a motion
to adjourn the regularly scheduled meeting. Mr. Tweeten so MOVED. Ms. Reinhart-
Levine SECONDED the motion. The motion CARRIED unanimously.

Board of Environmental Review July 31, 2015, minutes approved:

JOAN MILES
CHAIRMAN
BOARD OF ENVIRONMENTAL REVIEW

DATE
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Otter Creek Watershed Salinity Assessment — Modeling Report

EXECUTIVE SUMMARY

Otter Creek is a tributary to the Tongue River in the state of Montana. It is currently characterized on
the 303(d) list as “water quality-limited” due to salinity impairment. This study was undertaken in
response to this listing.

Geologically, Otter Creek lies in an area of shales and coal beds that underlies parts of Wyoming,
Montana, and the Dakotas. This area is composed of relatively salty soils, with saline bedrock and highly
saline groundwater. Due to the saline water in the area, Otter Creek is classified as a C-3 stream,
meaning its waters are “naturally marginal for agriculture”’. Because of the marginal water quality of
both surface and groundwater, agricultural practices in the watershed are limited. Irrigators do not rely
on existing surface or groundwater sources for irrigation, but instead rely on precipitation and snowmelt
events to spread water on fields near stream channels. This may occur multiple times in a good year,
but other years it may not happen at all. Thus, crop yields vary greatly from year to year, with some
years producing little or no harvest.

This watershed has a long history of human interest. Otter Creek was first settled in the 1880s and cattle
and hay production were quickly introduced to the watershed. This agricultural tradition continues to
the present day. Additionally, due to interest in coal reserves in the watershed, large amounts of water
quality data have been collected since the 1970s. This includes continuous flow and specific
conductance monitoring at multiple locations, and hundreds of other sampling events throughout the
watershed.

To help evaluate salinity loads in the watershed, DEQ applied the Loading Simulation Program in C++
(LSPC) water quality model, in conjunction with field assessments, to Otter Creek and its tributaries. DEQ
compiled data from several sources including climate data from four nearby weather stations, land use,
soils, and elevation data, and both stream flow and water quality data. This field data was used to
populate the model. The model was based on the LSPC model that EPA built in the mid-2000s for the
entire Tongue River watershed. DEQ updated, refined, and re-calibrated this model to focus specifically
on Otter Creek. In particular, the hydrology and water quality were updated to reflect more local, site-
specific conditions. Other updates included new weather stations located in the watershed, customized
irrigation, channel hydraulics, land use, and updates to the number and size of stock ponds and check
dams throughout the watershed based on aerial photo interpretation. Water quality refinements
included additional water quality data used for calibration. This includes data collected by USGS and
DEQ, and hundreds of measurements from Hydrometrics on groundwater quality in the lower portion of
the watershed.

The updates to hydrology and water quality resulted in a calibrated model that met pre-defined
objectives. Several calibration parameters, including the rain/snow balance, overall discharge volumes,
range of flows, and other modeling parameters, matched adequately between the model and the
observed values. While individual storm volumes provided a challenge, 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 (mean, median, etc.) of the observed
data.

! Administrative Rules of Montana 17.30.629(1)
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Otter Creek Watershed Salinity Assessment — Modeling Report

Once a calibrated existing conditions model was completed, the model was modified to reproduce
historical conditions. The term ‘historical’ can be defined in many ways, but in this case DEQ used one of
the most conservative approaches — taking all human influences out. Since there are no point sources in
the watershed, this meant removing agricultural and urban land uses. This was done by adjusting three
factors:

1. Removing stock ponds and check dams: Historical Otter Creek did not have any permanent
check dams in the mainstem or tributaries, nor did it have stock ponds at natural springs along
ephemeral drainages. These were removed from the model.

2. Removing the urban footprint: Historical Otter Creek did not have any permanent human
settlements or roadways. All urban areas were removed from the model. This included both
urban settlements (like Ashland), as well as the roads throughout the watershed. The acreage
associated with these former urban land uses was added back into the model using our best
interpretation of the original land use.

3. Removing irrigated land: Historical Otter Creek did not have any known irrigation practices.
Although only a very small portion of the watershed is irrigated, irrigated land has a large effect
on the water and salt balance because it uses a proportionally larger fraction of the basin’s
water supply. Irrigated land was removed from the model and these acreages were added back
into the model using our best interpretation of the original (natural) land use.

These modifications show that salinity concentrations in the watershed are not significantly affected by
anthropogenic alterations. While there is currently less water exiting the watershed than would occur
naturally due to irrigation, the water quality associated with Otter Creek is very similar in both existing
and historical scenarios. Over 100 years of agricultural practices in the watershed have resulted in very
little practical change in the Otter Creek specific conductivity and sodium adsorption ratio values.
Therefore, a salt load reduction of approximately 85% (required to meet the total maximum daily load if
established at the existing water quality standard) appears unreasonable.

Although most of the data used for this study were taken at the mouth of Otter Creek, a comparison of
water quality at upstream locations suggest that the water quality either stays the same, or improves
slightly, in the downstream direction. Analysis of limited tributary data suggests that the water quality
in the lower reaches of tributaries, when they are flowing, is no better than the water quality in the
mainstem of Otter Creek. No water quality data has been collected in the upper reaches of the
tributaries — data collection there is made more difficult by the fact that most of these only flow for a
few weeks or months each year. Regardless, the evidence we have suggests that using water quality
data near the mouth would be appropriate for setting a standard on the mainstem of Otter Creek.

The observed water quality data tell us that little change has occurred in the watershed over the last 40
years (i.e. since water quality data collection began). The modeling results - along with interpretation of
aerial photos, land use surveys, and the type of agricultural practices all support this idea — water quality
and salinity concentrations have changed very little in the watershed over time. Put together, these
factors suggest that the existing water quality data are equivalent to historical conditions. Thus water
quality in the watershed is, was, and likely will be representative of ‘natural conditions’, as long as land
use activities remain similar to current day practices.
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Administrative Rules of Montana
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cubic meters per second (a unit of flow)
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Department of Natural Resources & Conservation
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Environmental Protection Agency (US)
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Ground Water Information Center (Montana)
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Hydrologic Simulation Program Fortran
Hydrologic Unit Code

Loading Simulation Program in C++
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Soil Conservation Service
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Total Maximum Daily Load

TMDL Planning Area

microsiemens per centimeter

United States Forest Service

United States Geological Survey
Western Regional Climate Center
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1.0 INTRODUCTION

The Otter Creek watershed is located in southeastern Montana and is a tributary to the Tongue River
(Figure 1-1). Otter Creek (Reach Segment ID MT42C002_020) is currently characterized as “water
quality-limited” due to salinity impairment. To satisfy Federal Clean Water Act requirements, a Total
Maximum Daily Load (TMDL) must be developed for the waterbody so that it supports its designated
beneficial uses. The Montana Department of Environmental Quality (DEQ) determined that a modeling
approach was the most effective way to identify the contribution of non-point source loads in the
watershed. As such, a Loading Simulation Program in C++ (LSPC) watershed model was prepared to
account for watershed-scale loadings of salinity from both natural and non-point sources. During model
development, it became apparent that the watershed is in a nearly natural state and thus a substantial
reduction in salt load is unlikely. We subsequently performed a historical scenario analysis to determine
what (if any) effects humans have had on the landscape. It indicated that approximately 99% of the salt
load in the watershed is natural.

The modeling tool may be used for a number of other planning purposes including: (1) evaluating
baseline conditions in the watershed, (2) partitioning pollutant load between non-point sources, (3)
determining historical salt loading in the watershed, and (4) allocating salinity for TMDL development.

1.1 PRIOR STUDIES

The following prior studies are relevant to the Otter Creek watershed and were reviewed for
development of this model:

e Potential effects of surface coal mining on the hydrology of the West Otter area, Ashland and
Birney-Broadus coal fields, southeastern Montana (McClymonds, 1984)

e Effects of potential surface coal mining on dissolved solids in Otter Creek and in the Otter Creek
alluvial aquifer, southeastern Montana (Cannon, 1985)

e Potential effects of surface coal mining on the hydrology of the Little Bear Creek area,
Moorhead coal field, southeastern Montana (McClymonds, 1986)

e Potential effects of surface coal mining on the hydrology of the upper Otter Creek-Pasture Creek
area, Moorhead coal field, southeastern Montana (McClymonds and Moreland, 1988)

e Modeling the Tongue River Watershed with LSPC and CE-QUAL-W?2 (U.S. Environmental
Protection Agency and Tetra Tech, Inc., 2007a)

e Water Quality Assessment for the Tongue River Watershed, Montana (U.S. Environmental
Protection Agency and Tetra Tech, Inc., 2007b)

1.2 REPORTING UNITS

Units used by the model (and reported here) are primarily in the U.S. customary system (English). Units
are clearly labeled in the report, but useful conversions are listed below.

35.3 cubic feet per second (cfs) = 1 cubic meter per second (cms)
1 acre-foot (af) = 43,560 cubic feet = 1,233.5 cubic meters

2.47 acres (ac) = 1 hectare (ha)

1 mile (mi) = 1.61 kilometers (km)

1 square mile (sqmi) = 2.59 square kilometers (sgkm)
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Figure 1-1. The location of the Otter Creek watershed in southeastern Montana
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2.0 DATA COMPILATION AND ASSESSMENT

A variety of different climatic, flow, water quality, and spatial geographical information system (GIS)
data were reviewed and evaluated for use in LSPC model development. The details are briefly discussed
below.

2.1 WATERSHED DESCRIPTION

Otter Creek is located in southeastern Montana and flows north from nearly the Wyoming border to its
mouth at Ashland, Montana, where it joins the Tongue River (Figure 2-1). Otter Creek is within the
Tongue TMDL Planning Area (TPA). The watershed is approximately 455,000 acres (184,200 hectares) in
size, with approximately 103 miles (166 kilometers) of mainstem creek originating in the hills in the
southern portion of the watershed. Elevations in the watershed range from approximately 2,900 to
4,400 feet above mean sea level (AMSL). Average annual precipitation ranges from approximately 14
inches in the valley to approximately 17 inches in the hills. The watershed is characterized as a “prairie
stream” due to the lack of mountains in the upper reaches of the watershed.

Otter Creek has a long history of human interest. The area was first settled in the 1880s and agriculture
(cattle grazing, and flood irrigation/sub-irrigation to grow hay for cattle) was quickly introduced to the
watershed. This agricultural tradition continues to the present day. Additionally, due to interest in coal
reserves in the watershed, large amounts of coal exploration data and water quality data have been
collected since the 1970s.

2.2 CLIMATE

The Otter Creek watershed is classified as a semi-arid steppe climate. Valleys tend to be moderately arid
while hillier regions are slightly wetter. Annual precipitation is estimated to average 15 inches basin-
wide, with little spatial variability (slightly less in the valley floor, and slightly more in the hills). Snowfall
in the surrounding hills is moderate, with snowpack rarely exceeding 12 inches, although snowpack
conditions vary significantly from year to year. The snowpack does not typically last for the duration of
the winter, especially in the valleys.

Climate data was obtained from a total of four weather stations either in, or in close proximity to, the
watershed (Figure 2-1). Solar radiation, dewpoint, wind speed, and potential evapotranspiration were
obtained from the Sheridan Airport (GHCND: USW00024037), while daily temperature was acquired
from nearby National Climatic Data Center (NCDC) and Western Regional Climate Center (WRCC)
Remote Automated Weather stations (RAWS). Daily precipitation was used from only two of these
stations as the WRCC recommends not using long-term precipitation values from RAWS stations
(McCurdy, Greg, personal communication 3/12/2015) (Table 2-1). Additionally, relative humidity
(dewpoint) was used at the RAWS site at Fort Howes.

These climate stations are shown spatially in Figure 2-1. Only one of the climate stations was located
within the watershed (Fort Howes), and another was adjacent to the watershed (Sonnette). Both Leiter
and Sheridan lie south of the watershed. Although other nearby climate stations exist, only the
abovementioned stations had a relatively complete data set for the modeling time frame, and thus were
used in the analysis. This time frame (1988 through 2010) corresponds to the time period when the
greatest amount of climatic, hydrologic, and water-quality data were available.
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Table 2-1. Weather stations used in the Otter Creek watershed model

Station | Avg Annual | Avg Annual Avg Annual | Elevation
Location Type Precip. (in) | Max Temp (F) | Min Temp (F) | (ft AMSL) Use
Sonnette 2 NCDC/ |15.3 57.5 28.9 3,900 Temp., Precip.
WNW NOAA
Leiter 9 N NCDC/ |15.4 59.6 33.8 4,160 Temp., Precip.
NOAA
Fort Howes RAWS |- 61.0 31.2 3,380 Temp., Dewpoint
Sheridan AP | NOAA |- - - 3,967 Solar Radiation, Dewpoint,
Wind Speed, Evap.
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Figure 2-1. Location of weather stations used in the Otter Creek watershed model
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2.3 STREAMFLOW HYDROLOGY AND WATER QUALITY

The hydrology of the Otter Creek watershed is a complex interconnection of irregular precipitation,
snowmelt and runoff, groundwater recharge and discharge, check dams, and irrigation practices.
Streamflow is currently monitored by the United States Geological Survey (USGS) at a single location
near the mouth of Otter Creek (USGS #06307740, Otter Creek at Ashland, MT). Based on approximately
32 years of available streamflow records for this gage (1972 through 2014 — some years missing), the
average daily discharge in Otter Creek is approximately 5.1 cubic feet per second (cfs), ranging from a
low of 0 cfs (multiple occasions) to a daily high of 650 cfs (3/9/2014). However, there is some indirect
evidence that higher flows may have occurred in the early 2000s during a period of missing data. The
median daily discharge is approximately 2.1 cfs. There is historical streamflow at an upstream location
(USGS #06307717, Otter Cr bl Fifteenmile Cr nr Otter MT), but this was only active from 1982 through
1985 — prior to this modeling period. Since 2011, Hydrometrics has been collecting both flow and water
quality grab samples in the area of the proposed coal mine. Figure 2-2 shows the locations of flow gages
and/or water quality sampling locations in the Otter Creek watershed.
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Figure 2-2. Location of flow and/or water quality stations in the Otter Creek watershed model
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The average daily hydrograph shows that streamflow tends to peak in late February/early March due to
snowmelt, rain on snow, or rain on frozen ground events, and again in late May/early June due to

heavier precipitation during that

time of year (Figure 2-3). The erratic nature of the 30+ year average

demonstrates how variable daily streamflow in the watershed can be. Although baseflow conditions are
more common in the late summer, they can occur at any point throughout the year.

The upper reaches of Otter Creek, and many of its tributaries, are intermittent streams during most
years (McClymonds, 1986; McClymonds and Moreland, 1988). By the time Otter Creek joins with Bear

Creek, it has become a perennial

stream in most years. In addition to higher inflows, several perennial

tributaries flow into the mainstem near the above location, and a large number of springs exist in that
general vicinity as well (McClymonds, 1984). In the lower section of the creek, only Home Creek is a
perennial tributary, the rest are dry most of the year except for spring snowmelt or early summer

rainstorms (Cannon, 1985).
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o
- ﬂ
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a 15 | Average Daily Flow 3
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Monthly Precipitation (in)

Figure 2-3. Average daily discharge (1972-2014) at USGS gage #06307740, and average monthly

rainfall totals at Sonnette, MT

The Otter Creek watershed is used for irrigation by spreading water on fields when (and only when)

large precipitation or snowmelt events occur. Otter Creek and its tributaries are diked and ditched to
divert overland runoff and creek water onto fields when these events occur. Thus, diversions are not
typical of most irrigation in Montana, as they only occur if and when runoff occurs, the creek rises above
the spreader dike elevations, and water is of sufficient quality for irrigation. Due to the inconsistent
hydrograph from year to year, irrigation volumes and frequencies can fluctuate greatly from one year to

the next.
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2.3.1 Water Quality
Water quality in the watershed is of concern due to salinity and sodium adsorption ratio (SAR), both of
which can have negative effects on agricultural or domestic water use.

2.3.1.1 Salinity

Salinity is the concentration of salt in water. It is typically measured in milligrams per liter (mg/L) and is
measured by taking a filtered sample and drying it out to measure the total amount of dissolved solids 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 the ability of water to conduct electricity. Since the ability to
conduct electricity is based on 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), a
temperature corrected version of EC is used. This is called specific conductance (SC), and is EC corrected
to 25 Celsius. Since the Montana definition of EC is temperature corrected, EC, SC, conductivity, and
salinity are all used to describe the same thing (assuming a measurement is corrected to 25 °C). Thus we
use these terms interchangeably in this report. The units of measure for EC and SC are microsiemens per
centimeter (uS/cm), which is a measure of electrical potential (conductance) over a specified distance.

Salinity is important to irrigators, because over time, high salinity irrigation water can result in buildup of
salinity in soils (if not properly leached) causing reduction in agronomic yields. 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. Therefore, irrigators want to irrigate
with low salinity water as much as they can, and avoid irrigating with high salinity water when possible.

2.3.1.2 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. The
ratio is unitless and is calculated (in milliequivalents per liter [meqg/L]) using the following equation:

[Na]

SAR =
J(Cal+[Mg]) /2 Q)

Irrigation 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. Highly sodic soils inhibit most
types of agriculture.

2.3.2 Available Data

Streamflow and water quality data are required for salinity modeling. Data available to DEQ from 1974 -
2010 were used in the modeling process. Data were reviewed with particular focus on recent data (2000
through 2010) for model construction and development. This data is considered most relevant as it is
coincident with the landcover that will be used for the model - the 2006 National Land Cover Data
(NLCD). Key data included the following:
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e Flow

e Conductivity (Salinity)
e Sodium Adsorption Ratio

Available data for calibration of the Otter Creek LSPC model are identified in Table 2-2. Included is the
parameter, overall period of record, and number of observations and/samples for each data type (flow,

salinity [EC or SC], and SAR).

Table 2-2. Overview of available data at USGS gage 06307740 used for calibration and validation of

the LSPC model

Parameter

Period of Record

Frequency of Sampling

Continuous Flow 1972-2015* Daily/Continuous
Continuous EC/SC 1981-2015* Daily/Continuous
Flow Grab Samples 1974-2015 Intermittent
EC/SC Grab Samples 1974-2015 Intermittent
SAR Grab Samples 1974-2015 Intermittent

*Period of record encompasses periods of missing data

2.3.2.1 Flow Data

Daily flow data was collected primarily at one location by the USGS, gage 06307740 Otter Creek at
Ashland MT, from 1972 to 2014. However, the collection was sporadic, with multiple missing years. For
the original intended modeling period (1988-2010), there is a large gap in the record where no data was
collected for about 8 years from 1995-2003 (Figure 2-4).
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= USGS

USGS 06307740 Otter Creek at Ashland MT
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Figure 2-4. Continuous flow data at USGS gage 06307740, 1972-2015 (United States Geological Survey,
2015)

In addition to this gage, there is a historical gage in the watershed where USGS collected daily flow data
in the early 1980s (USGS gage 06307717 Otter Cr bl Fifteenmile Cr nr Otter MT). Although this data
range is outside the modeling period, it was used to perform a rough calibration, which is explained
further in Section 4.4.

Other measures of stream flow were taken when water quality samples were collected. These singular
events (instantaneous values) at various points throughout the watershed are not fully useful for model
calibration, but did provide another data source to evaluate when trying to determine ranges of flow
that may occur in Otter Creek.

2.3.2.2 Conductivity Data

Conductivity data were acquired from both the USGS and DEQ. USGS collected data from 1974 through
the present. They collected both grab samples, and installed conductivity meters that collected daily (or
sub-daily) conductivity. The USGS collected continuous SC data from 1980-1985, 2003-2009, and 2013-
2015 (Figure 2-5). However, USGS pulls their meters in early November to avoid damage due to the
freezing and ice flows. Meters are typically re-installed in mid to late March. Therefore, some of the
daily data is missing the winter timeframe (2003-present). The collection of grab samples was generally
sporadic throughout the period. However, over 350 data points were collected by either USGS or DEQ at
or near USGS gage 06307740 in the period 1974-2015 (Figure 2-6). Well over 99% of all samples taken
(whether grab samples or continuous meter) are above the current state-approved Otter Creek salinity
standard of 500 puS/cm.
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As with flow, there are many water quality observations at other locations (see Figure 2-2 for a map of
other sampling locations, and Section 6.3 for a discussion of some of this data). In general, these
singular events are not as useful for modeling. They do, however, provide additional data to examine
ranges in water quality that may occur in Otter Creek.

Seee
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Figure 2-5. Continuous salinity data at USGS gage 06307740, 1980-2015 (United States Geological

Survey, 2015)
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Figure 2-6. SC grab samples near USGS gage 06307740, 1974-2015

2.3.2.3 SAR Data

SAR data collection is slightly different than salinity data collection. While there are conductivity meters,
there are no meters that measure SAR. So all SAR measurements are taken from grab samples, where
the water is taken to a laboratory and analyzed for its constituent cations.

As a substitute, the USGS does perform regression of measured SAR and measured conductivity values
collected at the same time to estimate SAR from the continuous conductivity meters. Correlations of
these regressions are not published, and when DEQ attempted to reproduce some of these, we were
unable to do so. Because of this uncertainty in the regression relationships, model calibration was
completed using only measured SAR values. This resulted in a smaller subset of data, but what is
believed to be a higher level of accuracy in the observed data.

There have been 265 SAR samples collected by either USGS or DEQ at or near USGS gage 06307740 over
the period 1974-2015 (Figure 2-7). About 98% of samples taken are above the current state-approved
Otter Creek growing season SAR standard of 3.0, and about 90% of samples taken are above the current
state-approved Otter Creek non-growing season SAR standard of 5.0.

9/4/2015 Final 2-11



Otter Creek Watershed Salinity Assessment — Modeling Report —Section 2.0

8
.
7 N A d ¢ Py . L d
o &t e YN K ’%o :;-,.:0 * o
cowo | § & o YoV ee e L IRCR
6 less & o 2| ** ¢9C “" ’l .’ o
3t éf‘.o‘m e o » ,’ & » o ..." by o3
* &Y, 2 _’ﬁ . U haC IR S AR SN
Y00 C 3000 . JTS Y, T
5 ¥ 5 — 0 ] N @) 2 t—y
s ¢ Non-Growing Season Standard (Novembef1 - March 1): 5.0 ¢
(o' *o
g 4 - * *
3 . 2
. Growing|Season Standard (March 2 - October 31): 3.0
2
*
1 e + Growing Season Sample |
© Non-Growing Season Sample
0 | | | |
J/J 1/1 1/1 12/3 1/1 1/1 J/J 12/3 'Z/-Z
7195, 71959 198, 31y 5 /199, /1999 2004 33, 0 7201,

Figure 2-7. SAR grab samples near USGS gage 06307740, 1974-2015

2.4 LAND USE

Land use in the model was based on the NLCD 2006 data set (Table 2-3). Approximately 97% of the
watershed is classified as forest, grassland, or shrubland (Figure 2-8). Human activities in the Otter Creek
watershed consist primarily of cattle production and agriculture, which in turn consists primarily of flood
irrigated and sub-irrigated hay. The NLCD does not distinguish well between “hay crops”, “pasture”, and
“grassland”; therefore, some changes were made to the original NLCD values based on local knowledge
of the watershed. The United States Forest Service (USFS) manages almost 50% of the watershed
(approximately 225,000 acres) as part of the Custer National Forest, but there is no known logging

activity in the forested portions of the watershed.

Urban-residential development occurs in the lower watershed in and around Ashland, and is virtually
absent from other locations in the watershed. The majority of the urban land use in the watershed is
due to roads. Overall, urban land use only accounts for about 0.5% of the watershed. The town of
Ashland (the primary urban development in the watershed) is downstream of the USGS gage and does
not affect flow or water quality at the gage. There are no permitted wastewater treatment plants or
other point source discharges in the watershed. There are a number of historical small quarries (mines)
in the area, where early settlers had discovered coal deposits near the surface (McClymonds, 1986), but
based on local knowledge and an evaluation of DEQ permits to date, none are currently in production
today. Due to their extremely limited acreage these were not considered in the model.
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Table 2-3. Land uses within the Otter Creek watershed

Area Area

Land Use LSPC Code (hectares) (acres) Watershed Area (%)
Irrigated Land (crops) 9 769.3 1,901 0.4%

Barren (Barren | Mining) 1]2 161.8 400 0.1%

Forest 3 45,013.7 111,231 24.4%
Grassland 4 74,860.9 184,985 40.6%
Shrubland 5 58,623.3 144,861 31.8%
Urban (Pervious | Impervious) 7120 873.7 2,159 0.5%
Wetlands 8 3,921.4 9,690 2.1%

Totals - 184,224* 455,227* 100.0%*

*Due to rounding, total values and sums of column may not match up.
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Figure 2-8. 2006 NLCD Land use classifications in the Otter Creek watershed
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2.5 Soits

Soils in the Otter Creek watershed exhibit moderate spatial variability. A total of 11 soil map unit IDs
(MUIDs) occur in the watershed, as defined by the State Soil Geographic Database (STATSGO). However,
just five of these types make up over 90% of the watershed (Table 2-4). Most soils on the bottom lands
(low elevation) of Otter Creek consist of silty clay loams. Loamier soils tend to be on the western side of
the watershed, whereas clay loams and clay type soils occur higher up in the eastern portion of the
watershed (Figure 2-9).

Table 2-4. Soil types within the Otter Creek watershed

MUID Description Texture Watershed Area (%)
MTO078 Cabba-Campspass-Farland clay loam 0.51%
MTO080 Cabba-Farland-Yawdim clay loam 7.56%
MT083 Cabba-Ringling-Yawdim silty clay loam 38.51%
MTO084 Cabba-Ringling-Yawdim silty clay loam 20.32%
MTO089 Yamac-Birney-Cabbart loam 3.02%
MTQ092 Delpoint-Cabbart-Yamac loam 1.87%
MT475 Ringling-Cabba-Relan loam 2.89%
MT569 Yawdim-Thurlow-Cabbart silty clay loam 15.80%
MT668 Yamac-Havre-Birney silty clay loam 9.13%
MT676 Yawdim-Delpoint-Thurlow silty clay loam 0.31%
MT692 Shingle-Renohill-Ulm clay 0.08%
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Figure 2-9. STATSGO soil types in the Otter Creek watershed
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3.0 MODEL DEVELOPMENT

3.1 LSPC MODEL DESCRIPTION

DEQ selected the LSPC model for use in the Otter Creek watershed modeling project. The LSPC model
was developed by Tetra Tech, Inc., and is a proprietary watershed-scale hydrologic and water quality
model developed to quantify the impact of land management practices in large, complex watersheds. It
is a deterministic, continuous simulation basin-scale model. LSPC is a re-coded version of the Hydrologic
Simulation Program — Fortran (HSPF). LSPC is much more computationally efficient than HSPF.

The advantages of LSPC include:

e Physical basis and use of readily available inputs;

e Computationally efficient, in that modern computers are able to complete the simulation
calculations within a reasonable amount of time;

e Incorporation of comprehensive processes by using mathematical equations to represent flow,
stream pollutant fate and transport, and other physical, chemical, and biological interactions;

e Can be used to study long-term impacts and to simulate management scenarios.

Pollutant yields, water balance and surface runoff are computed at the sub-basin level, and then are
aggregated for subsequent routing through the channel system. LSPC simulates both streamflow and
general water quality constituents, and several compartments are incorporated into the model to
describe the flux of water through the landscape. These include: (1) precipitation, snow accumulation
and melt, (2) surface runoff, (3) infiltration, (4) interflow (subsurface flow), (5) groundwater flow, and (6)
evapotranspiration (Tetra Tech, Inc., 2011). An example of the complete hydrologic cycle (similar to
what LSPC uses) is shown in Figure 3-1.

LSPC uses a simplified method to model general water quality constituents. The constituents are added
to the water via either a buildup/wash off function, or a more simplified event mean concentration
(EMC) function. These constituents are then conservatively transported through the system with the
water column (i.e. there are no reaction mechanisms involving these constituents — all mass is
transported to the outlet of the system).

3.1.1 LSPC Model Input

LSPC version 4.01 was used in this modeling effort. Fundamental input data for LSPC are topography,
land use, soils, and climatic data. The initial model setup was taken from the previous Tongue River
model, and then updated with more current data (land use, climate, etc.). Geographic data sources used
for model setup are shown below:

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

e Climate stations — The climate stations used in the model are discussed in Section 2.2.

e National Land Cover Dataset (NLDC) — The 2006 NLCD is a 21-category land cover classification
(30-m grid) available for the conterminous U.S. Eight categories of land-use were used in this
model (Table 2-3) as described in Section 2.4.
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e STATSGO Soils — The STATSGO soil map (Natural Resources Conservation Service, 1994) is a
1:250,000 scale generalization of detailed soil survey data that was used to develop soil
properties of landcover classes. The STATSGO data is described in Section 2.5.

iijesWater Cycle
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Figure 3-1. The hydrologlc cycle (United States Geologlcal Survey, 2015)

3.2 OTTER CREEK LSPC MODEL

The framework for this Otter Creek LSPC model was based on the original EPA model for the Tongue
River (EPA, 2007). The EPA model encompassed Otter Creek as well as the rest of the Tongue River
watershed, and this effort simply isolated the Otter Creek portion of the EPA model, and then refined
the model to reflect a finer level of detail for a smaller sub-watershed. DEQ updated and re-calibrated
this model to focus specifically on Otter Creek. In particular, the hydrology and water quality were
updated to reflect more local, site-specific conditions. For example, DEQ added another weather station
at Fort Howes, which is directly in the middle of the Otter Creek watershed. The updates also include
customized agricultural practices (mentioned above), and updates to the number and size of stock
ponds and check dams throughout the watershed based on aerial photo interpretation. Water quality
refinements include hundreds of groundwater quality measurements from Hydrometrics in the area
near the proposed coal mine.

3.3 SIMULATION PERIOD

The model simulation period was chosen to be coincident with the most recent landcover, and available
calibration data for flow, salinity, and climatic data sets with few or no missing values. The original
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targeted modeling period was from 1988 to 2003. However, there is a large data gap in the observed
data from 1995 to 2003, and pre-1995 calibration data is generally sparse. Therefore, the period of 2003
through 2010 was chosen to best meet our project goals. A “warm-up” period, from 1988 to 2003, was
used to minimize initial condition effects. Land use has not changed substantially in the watershed in the
last 25 years, so the 2006 NLCD land-use data is considered adequate to reflect the actual land use
within the watershed during the model period.

3.4 WATERSHED DELINEATION

To adequately simulate spatial processes in the watershed, all 6™ code hydrologic unit code (HUC)
boundaries were delimitated within a sub-basin boundary, and any flow or water quality gages were
also included. The original EPA model captured these requirements in Otter Creek, so that delineation
was used for this model. This resulted in a total of 21 total sub-basins for Otter Creek (Figure 3-2), which
ranged in size from 674 to 37,795 acres (Table 3-1). Elevations within sub-basins varied only slightly,
with approximately 1,500 feet of elevation difference between the headwaters and the mouth (Table 3-
1).
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Figure 3-2. Sub-basins within the Otter Creek watershed
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Table 3-1. Sub-basin summary, Otter Creek watershed

Median

Sub-Basin Area (hectares) Area (acres) % Watershed Area Elevation (ft)
1058 273 674 0.1% 2,990
1059 12,001 29,655 6.5% 3,220
1060 11,783 29,117 6.4% 3,523
1061 15,295 37,795 8.3% 3,591
1062 13,319 32,912 7.2% 3,581
1063 11,064 27,340 6.0% 3,624
1064 4,321 10,677 2.3% 3,393
1065 3,658 9,039 2.0% 3,706
1066 9,129 22,557 5.0% 3,763
1067 7,991 19,747 4.3% 3,840
1068 10,268 25,374 5.6% 3,598
1069 7,935 19,608 4.3% 3,807
1070 11,755 29,048 6.4% 3,860
1071 13,375 33,050 7.3% 3,869
1072 8,732 21,578 4.7% 3,770
1073 5,256 12,987 2.9% 3,946
1074 11,763 29,067 6.4% 3,927
1075 5,468 13,512 3.0% 3,799
1076 7,619 18,828 4.1% 3,883
1077 6,004 14,837 3.3% 3,834
1078 7,214 17,827 3.9% 4,021
Totals 184,224* 455,227* 100.0% -

*Due to rounding, total values and sums of column may not match up.

3.5 CLIMATIC PATTERNS

Climate data was obtained from a total of four weather stations in close proximity to the watershed, as
described in Section 2.2. Sub-basins were assigned to representative climate stations in LSPC, based on
proximity. LSPC uses standard wet and dry lapse rates. The wet lapse rate (when precipitation occurs) is
3.5° F/1,000 ft, and the variable dry lapse rate is shown below (Figure 3-3). LSPC does not have a built-in
precipitation lapse rate, and due to the low variation in topography and observed annual precipitation, a
precipitation lapse rate was not used in this modeling effort. Climate stations were assigned to a
particular sub-basin based on proximity to the centroid of the sub-basin. Both temperature and

precipitation information are then input into the model from this station, and the temperature lapse
rates are incorporated into the model to account for orographic effects on temperature. The average
elevation of a sub-basin was never more than a few hundred feet different than the elevation of the

weather station assigned to it.
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Figure 3-3. Dry weather temperature lapse rate

3.6 ROUTING GEOMETRY

Channel measurements were taken by the USGS at two locations in the watershed (near the mouth, and
above Tenmile Creek). In addition, DEQ’s field team measured the channel width in a few locations.
These values were used to define the channel geometry, when available. Additionally, the USGS
measured several channel reaches in Otter Creek and these values were also reviewed (Chase, 2015). If
none of this data were available, a USGS channel geometry-drainage area regression for western
Montana (Lawlor, 2004) was used, along with aerial photo interpretation. Manning’s n values typical of
natural stream systems (0.03 to 0.05) were used in the model. All routing coefficients can be found in
the model input in Appendix A.

3.7 EVAPOTRANSPIRATION

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. In LSPC, PET is one of the climate
inputs. Although there are some PET stations located in Montana, none are located in or near the
watershed. Since detailed observed PET data was not available, the PET was estimated using a combined
aerodynamic and energy balance approach. Several methods can be used to calculate PET, but in this
model the Penman-Monteith method (Monteith, 1965) was used. Calculated PET generally matched up
well with PET estimates from other eastern Montana stations. Calculated PET is potentially a large
source of model uncertainty and error.
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3.8 IRRIGATION

Otter Creek is classified as a C-3 stream, meaning its waters are “naturally marginal for agriculture” .
Accordingly, agricultural use is not extensive as in other watersheds, but still approximately 1,700 acres
in the watershed are classified as “pasture/hay” according to the NLCD. The main form of irrigation is a
passive type of flood irrigation. Dikes, check dams, and berms passively control runoff from large rain
storms or snowmelt events and spread water across fields during high flow events. In this regard,
producers are entirely dependent upon the snowpack and rainfall events each year. If no large runoff
events occur, then there is almost no irrigation, although some sub-irrigation occurs due to the many
check dams. Thus, crop yields vary greatly from year to year, with some years producing no harvest.

The irrigation described above is difficult to model since it is not based on a time schedule (e.g., every
two weeks) or plant water demand (e.g., irrigate when the field is dry), but rather when the creek
happens to be flowing high after a rainstorm or snowmelt event. Additionally, the exact location of
irrigation diversions cannot be accounted for in LSPC since they are not known. Therefore,
simplifications had to be made to conceptualize irrigation in the model framework. First, it was assumed
in this study that irrigation occurs in all sub-basins. The degree of irrigation was based on the amount of
“pasture/hay” land use in a sub-basin from the 2006 NLCD. Second, to represent irrigation, water was
diverted onto the fields in the model once creek stages rise above a pre-determined level. The amount
of water needed to satisfy the plant water demand was used, and the rest was returned to the creek via
interflow or groundwater flow. Although this simplifies the actual irrigation practice in the watershed, it
should correlate well with irrigation practices since creek levels rise mainly due to precipitation.

3.9 STOCK PONDS AND CHECK DAMS

Stock ponds are small man-made reservoirs that serve as a water supply for livestock and crop
production. In Otter Creek, many of the stock ponds used for livestock water can be found near natural
springs, which are abundant in the watershed. Check dams are found along the entire length of Otter
Creek. They are located on the mainstem of Otter Creek and the tributaries, and back up water to create
small reservoirs along the creek. These impoundments can range from a few square yards to several
acres in size. Check dams are used to raise water levels for irrigation, and to promote sub-irrigation.
Stock ponds and check dams affect hydrologic processes in the following ways:

e Delay response to storms by capturing runoff and then releasing via overflow
e Reduce overall streamflows due to loss of water from evaporation and water use
o Allow ponded water to slowly infiltrate, thereby increasing downstream baseflow

In this model, stock ponds and check dams were modeled as done in the original Tongue River model
(U.S. Environmental Protection Agency and Tetra Tech, Inc., 2007a). The Department of Natural
Resources and Conservation (DNRC) provided estimates of stock pond sizes in the watershed. The total
acreage of stock ponds/check dam ponds in each sub-basin were summed up, and then several sub-
basins were summed together to create one surrogate pond for multiple sub-basins. The surrogate pond
was sized to be the sum of the volumes of the stock ponds that were provided by Montana DNRC. The
total pond area for each sub-basin was spot-checked using aerial photography, and the results were

? Administrative Rules of Montana 17.30.629(1)
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within the bounds of reason. Ponds were all assumed to be rectangular with an infiltration rate of 15
mm/day.

Furthermore, each pond was assigned an upstream drainage area. This area was removed from the sub-
basin drainage and added to the stock pond drainage area (i.e. a separate internal sub-basin was
created). This area was assumed to be a mix of grassland and shrubland. The area removed from each
sub-basin was done in a prorated manner, so sub-basins with larger volumes of stock ponds had larger
areas removed for the upstream drainage contribution.

Finally, each stock pond was assigned a sub-irrigated area directly below it. This area was assumed to
follow the stream channel for one kilometer, sub-irrigating a 30 meter wide area of land. It was assumed
that this area was composed of a mix of grassland and wetlands.

Although many assumptions went into modeling the stock ponds and check dams within the watershed,
reasonable assumptions are appropriate and necessary when little or no management data is available.

In the Otter Creek watershed, there are hundreds of stock ponds and check dams with virtually no data

concerning areas, volumes, control elevations, weir lengths, etc.

3.10 POINT SOURCES

There are no permitted wastewater treatment plants or industrial sources within the Otter Creek
watershed at this time. None were considered in this modeling effort.

3.11 SALINITY MODELING IN LSPC

LSPC does not specifically model SC or SAR. Instead a surrogate method is needed to quantify these
values. Three cations were simulated as general water quality constituents in LSPC: calcium (Ca),
magnesium (Mg), and sodium (Na). Each constituent is transported through the water column
conservatively and does not have any reaction mechanisms (e.g., uptake, settling, etc.). In other words,
once a constituent enters the water column at any upstream location, it will stay in the water column
until reaching the mouth of Otter Creek. Methods for modeling both conductivity and SAR are further
expounded upon below.

Salinity (or 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. From observed data collected in Otter Creek, a strong
correlation was found between the sum of the three major cations (Ca, Mg, Na — in milliequivalents per
liter) and SC (Figure 3-4). This relationship was used as the basis of modeling SC in LSPC. The three
modeled cations (Ca, Mg, Na) were converted to meg/L to account for the charge of the cation and its
effect on conductivity, and these were then summed in a post-processor. The regression equation from
Figure 3-4 (r* = 0.96) was then applied to come up with an SC value for the stream reaches. SAR was also
directly calculated using Equation 1 from Section 2.3.
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Figure 3-4. Relationship between SC and the sum of cations in Otter Creek

Generation of cations in the LSPC model for calculation of both SC and SAR can be completed in one of
two ways: using either a build-up/wash-off function, where pollutants accumulate on the land surface
over time and then wash off during precipitation events, or else by a simple event mean concentration
(EMC), which are the average concentrations in runoff from various land uses which are multiplied by
runoff volume (with appropriate conversions) to create a mass loading to the water column. Since we
did not have enough information to construct a build-up/wash-off function, EMCs were used in the
Otter Creek model.

LSPC allows a different EMC value (all in mg/L) to be assigned to each land use (eight land uses within
the model), for each type of water pathway (surface, interflow, groundwater), for each pollutant (Ca,
Mg, Na). A total of 72 different EMCs were used in the model (8 x 3 x 3 = 72), although most of the
EMCs did not vary across land uses, due to lack of available data. Additionally, LSPC allows EMCs to vary
by month if desired. In this case we did not vary them by month since we didn’t have enough data to
justify that level of detail. Determination of EMC values is discussed further in Section 4.5.

One of the simplifications used in LSPC is that water does not retain its mass loading of salt when
moving between water pathways within a sub-basin. So for example, if surface runoff pools in a small
depression and slowly infiltrates to the groundwater column, it would lose 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. Due to the long travel times and large volumes associated with groundwater, this
assumption is not believed to introduce large errors into the salinity modeling. However, it is a major
simplification used by this surface water runoff model and adds some uncertainty to the results. Sources
of uncertainty are discussed more in Section 6.
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Another assumption associated with salinity modeling is that salts are conserved in the water column.
This means that salt does not precipitate out of the model, it does not dry up and line the sides of a
pond in the dry months, etc. — the salts always stay within the water column. This likely over-estimates
salt loads during dry times of the year, which will be seen and discussed more in the next section.
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4.0 MoDEL CALIBRATION

A deterministic modeling approach was employed by DEQ to evaluate the cause-effect relationship
between management activities and EC/SAR in the Otter Creek watershed. Evaluation criteria are listed
below.

4.1 EVALUATION CRITERION

Three model performance statistics were used to assess daily predictions of the LSPC model. The first is
relative error (RE), which is a measure of the average tendency of simulations to be larger or smaller
than an observed value. RE is defined as the deviation between observed (X; ) and simulated (Y;m)
values. An optimal RE is 0.0, and positive and negative values reflect bias toward over- or under-
estimation. RE is calculated as:

n
Z(Yi,sim - Xi,obs)
RE% = =1 x100

Z(Xi,obs)

(EQ-2)

Van Liew et al. (2005) suggested RE values <+20% are “good”, while more strict guidelines have been
suggested elsewhere. For the purpose of this project, the acceptable RE depended on the parameter of
interest. For total water balance, RE< £10% was considered to be sufficient for model calibration, while
for less important components such as seasonal volumes or storm volumes, higher REs were considered
acceptable.

The second evaluation criterion was the Nash-Sutcliffe coefficient of efficiency (NSE) (Nash and Sutcliffe,
1970). NSE expresses the fraction of the measured variance reproduced by the model and is defined as:

n
Z(Xi,obs _Yi,sim)2
NSE =1-—2

Z(Xi,obs - Xix‘)bs)z
i=1

(EQ-3)

The NSE can range from —oo to 1.0. By increasing NSE, error in the model is inherently decreased. An NSE
of 0 would indicate that the model is no better at predicting flows than using the long term mean,
whereas values above or below zero would mean that it does a better or worse job than the mean,
respectively (Motovilov, et al., 1999). Simulation results are considered to be good when NSE > 0.70,
while NSE values above 0.5 are considered satisfactory (Moriasi, et al., 2007).

Finally, r-squared (r?) values were evaluated for daily results. The r-squared value is a statistical measure
of how close the simulated values when fitted to a 1:1 regression line of observed values. While on its
own, r-squared doesn’t really reveal much about a model, when combined with other metrics, it can be
a valuable tool for tracking the response of the simulation over a range of observed values. R-squared
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can range from 0 to 1, where 0 means there is no correlation between the two datasets, and 1 means
there is a perfect correlation (positive or negative) between the two datasets.

Finally, graphical comparisons of modeled vs. observed data were used to visually identify patterns and
agreement between the simulated and observed values.

4.2 SIMULATION PERIOD AND BOUNDARY CONDITIONS

The simulation was performed for the time period 1988-2010. Due to a lack of observed flow data in
Otter Creek from 1995 to 2003, and the lack of rainfall radar data and other correlation sources for the
pre-1995 period, the 1988-2003 timeframe was used as a “warm-up” period to allow the initialized
variables to reach a dynamic steady-state. This lowers the effect of initial conditions, since state-
variables have many years in which to “equilibrate” to model forcing functions. The model was then
calibrated for the period 2003-2010. The period was originally split into a calibration period and a
validation period, but due to the great variability from year to year in the watershed flows, this was later
combined to run only one simulation. The 2003-2008 timeframe was in general a low flow period,
whereas the 2009-2010 timeframe was an average/high flow period (Figure 4-1).

The annual departure from median flow for the entire period of record (1973-2013), including the model
period (2003-2010), is shown in Figure 4-1. The model period is close to the median a majority of the
time, with four years slightly below the median and three years slightly above the median. Precipitation
(and other meteorological data) form the primary boundary condition that governs the annualized
departures in streamflow. There are no inflows or known inter-basin transfers and the only surface
outflow is the mouth of Otter Creek near Ashland, MT.
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Figure 4-1. High Flow and Low Flow Years in Otter Creek, 1973 - 2013
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4.3 SNOW CALIBRATION

A manual approach was used to calibrate the snow/rain proportions in the LSPC model. Model
parameters were taken from the original Tongue model originally, and then were adjusted manually
based on desired system response and watershed knowledge, using technical guidance to keep the
values within reasonable ranges (U.S. Environmental Protection Agency, Office of Water, 2000).
Approximately 10 parameters that govern snow accumulation and melt were adjusted during calibrated
(Table 4-1).

Table 4-1. Parameters used in the snow calibration in the Otter Creek LSPC model

.. Calibrated . .
Component Parameter | Description Value Min Max | Units

Snowpack/melt | SHADE Fraction of Ian'd S.haded 0.1-0.75 0.0 1.0 | dimensionless
from solar radiation

Precipitation to snow

Snowpack/melt | SNOWCF L 1.1 1.0 2.0 | dimensionless
multiplier
Maximum snowpack at

Snowpack/melt | COVIND which the entire LAND is 3.0 0.1 10.0 | in
covered with snow

Snowpack/melt | RDCSN Density of new snow 0.2 0.05 0.3 | dimensionless

relative to water

Snowpack/melt | TSNOW Snowfall temperature 34 30 40 | °F

Adapts sublimation to

Snowpack/melt | SNOEVP . . 0.15 0.0 0.5 | dimensionless
field conditions
Adapts snow melt

Snowpack/melt | CCFACT equation to field 1.0 0.5 8.0 | dimensionless
conditions

Snowpack/melt | MWATER | Vater content of 003 | 0.005 | 0.2 |in/in
snowpack

Snowpack/melt | MGMELT Maximum of snow melt 0.01 0.0 0.1 | in/day
due to ground heat

Snowpack/melt | FOREST Winter transpiration 0-0.75 0.0 1.0 | dimensionless

factor

For snow calibration, there was no long-term observed data in the watershed to calibrate to (e.g., snow
water equivalent data at a SNOTEL site). Although one gage in the watershed had some snow records,
these were extremely intermittent and the period of record did not generally match the modeling
period. Both Miles City, MT and Sheridan, WY do have long term snow records, however. Miles City is
located at the mouth of the Tongue River, about 60 miles north (and downstream) of Otter Creek, while
Sheridan is located near the headwaters of the Tongue River, about 50 miles southwest (and upstream)
of Otter Creek. These cities form a rough bracket around Otter Creek — one is higher in elevation in the
same major valley (Tongue), while the other is lower in elevation in the same major valley.

In Miles City about 20% of all precipitation falls as snow, while that number is about 30% in Sheridan.
The Otter Creek sub-basins have snow/precipitation ratios that are more or less between the ratios at
the weather stations in Miles City and Sheridan (Figure 4-2). This rough “check” was about all that could
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be done for the snow calibration in the watershed, but it seemed reasonable and was considered

adequate for moving forward with the runoff calibration.
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Figure 4-2. Snow Calibration

4.4 STREAMFLOW CALIBRATION

Calibration of streamflow in LSPC was completed using a manual approach. First, a sensitivity analysis
was performed on coefficients to identify those that have a strong effect on the model. Parameters from
the original Tongue model were used as the starting point for calibration and values were then manually
adjusted based on desired system response and watershed knowledge. Approximately 19 parameters
that govern precipitation runoff, evapotranspiration, soil water storage, stream channel routing, and
subsurface flow were calibrated (Table 4-2).

Table 4-2. Parameters used in the runoff calibration in the Otter Creek LSPC model

Component Parameter Description Ca:;:lrl?:ed Min Max Units
Water Budget | LZSN Lower zone nominal sol 15.0 2 | 150 |in
moisture storage
Water Budget | INFILT Infiltration capacity of | ) 05 | 0.001 | 05 | in/hr
the soil
Water Budget | KVARY Variable groundwater 0.0 00 | 50 |1/in
recession
Water Budget | AGWRC Base g‘roundwater 0.98~ 0.85 | 0.999 | dimensionless
recession 0.999
Air temperature below o
Water Budget | PETMAX which ET is reduced 32.0 32.0 | 48.0 | °F
Water Budget | PETMIN | A temperature below 25.0 30.0 | 400 | °F
which ET is zero
Water Budget | INFEXP Infiltration equation 2.0 1.0 3.0 | dimensionless
exponent
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Water Budget | INFILD Ratio I:'Jet.weer'l max and 2.0 1.0 3.0 | dimensionless
mean infiltration

Fraction of groundwater

Water Budget | DEEPFR . 0.135 0.0 0.50 | dimensionless
that enters deep aquifer
Fraction of PET that can

Water Budget | BASETP be satisfied from 0.20 0.0 0.20 | dimensionless

baseflow

Fraction of PET that can
Water Budget | AGWETP be satisfied from active 0-0.003 0.0 0.20 | dimensionless

groundwater
Water Budget | CEPSC Interception storage 0-0.15 | 0.01 | 0.40 |in
capacity
Water Budget | UZSN Upper zone nominal 2.0 005 | 2.0 |in
storage
Water Budget | NSUR Manning’s n 0.1-0.3 0.05 0.5 | dimensionless
Water Budget | INTFW Interflow parameter 1.0-2.0 1.0 10.0 | dimensionless
Water Budget | IRC Interflow recession 0.3 0.3 0.85 | dimensionless
parameter
Water Budget | LZETP Lower zone ET 0.0-0.5 0.1 0.9 | dimensionless
parameter

Minimum channel depth

S . 0.2-0.5 0.0 999 | ft
for irrigation withdrawal

Irrigation IRRIGDEP

Irrigation ET COEFF Coefﬂugnt for ET 0.0-1.0 0.0 999 | dimensionless
calculation based on PET

The point of calibration was the USGS gage 06307740 (Otter Creek at Ashland MT), located
approximately 2 miles upstream of the mouth of Otter Creek.

The calibrated daily flows from 2003-2010 were compared to the observed flows (Figure 4-3). Overall,
the model did a good job of capturing the range and variability of peak flows and the low flow periods.
However, there are some peaks in both the simulated and observed data that are not observed in the
other. Additionally, the model tends to over-predict the effects of long-term drought on the watershed.
The metrics for the model are listed in Table 4-3.

Overall water balance was good, with the annual difference between observed and simulated
streamflow being less than 3% for the entire simulation period. High flows and irrigation season flows
were both within 10% of observed values. Some of the seasonal and stormwater balances were not as
good, but reflect the sporadic nature of storm systems and the lack of precipitation gage coverage in the
watershed. The daily Nash-Sutcliffe value was 0.70 for the entire simulation period. These values are
within the specified bounds of model fit.

The largest error is the calibration of the low flow periods. This is somewhat deceptive for two reasons.
First, the model carries many significant figures in its hydrologic computations, whereas the gage is
calibrated in a 15-foot wide channel to streamflows rounded to two decimal places. Therefore, the gage
may not be able to differentiate between very small flows (0.05 and 0.005 cfs for example), while the
model does. Second, these errors on a percentage basis appear very large (0.05 is 1,000% of 0.005) but
in reality are somewhat insignificant.
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Figure 4-3. Simulated and Observed Daily Hydrology, 2003-2010

Table 4-3. Daily Calibration Metrics

Otter Creek at Ashland, MT

Calibration Metric Value
Error in Total Volume -2.5%
Error in Growing Season Volume -5.6%
Error in 10% highest flows -9.1%
Error in 10% lowest flows -27.4%
R-squared daily values 0.71
Daily Nash-Sutcliffe coefficient 0.70

In addition to the numerical issues noted above, low flow periods are also difficult to calibrate because
the effects of unknown springs in the watershed and variability in irrigation. In high runoff years,
irrigators use more water, and in low years, they use less. This is difficult to represent in the model
because diversion volumes will vary from year to year and are not recorded by the users. Overall,
simulation results appear to produce reasonable results over a wide range of flow conditions as
evidence by the flow duration curve in Figure 4-4. Simulated and observed data are comparable for all
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flows except flows < 0.8 cfs. This volume represents only about one percent of the entire volume yield
from the watershed in a typical year.
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Figure 4-4. Flow Duration Curve showing Simulated and Observed Daily Hydrology, 2003-2010

A final check on the streamflow simulation involved historical gage data. For three years in the early
1980s (1982 through 1985), there was a daily flow gage at two locations along Otter Creek — gage
06307717 and gage 06307740 (see Figure 2-2 for location). These are approximately 43 river miles (RM)
apart and provide an opportunity to do a spatial appraisal of the calibration. The ratio of average annual
flow (cfs) was calculated between the two gages for each of the three years and was compared to the
ratio of the computed flow at these two locations during the simulation period. The ratio from 1982-
1985 ranged from 114% to 211%, with a three year average of 154%, meaning the average annual flow
at the downstream gage ranged from 114% to 211% of the average annual flow at the upstream gage.
This compared reasonably with the model output from 2004-2010 (Figure 4-5). Note that the upstream
gage dried up in the model during much of 2004 (a drought year), explaining the high value for 2004
model output.

Modeled data show more uniformity, which is likely due to less spatial variability in precipitation than
occurs in reality, and to a lesser extent limitations of the model in identifying detailed areas of irrigation.
For the former, a thunderstorm might sometimes blow across the northern portion of the watershed
and not affect the southern portion; or other times vice versa. Since the model only uses two
precipitation gages (neither of which are in the watershed), fairly uniform rainfall patterns are applied
across the entire watershed, and isolated precipitation events are most likely missed. Nonetheless, this
comparison shows that the model is within reason in proportioning the accumulation of flows spatially
across the watershed.
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Figure 4-5. Comparison of historical flow ratios with simulated ratios at two USGS gages
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In summary, the metrics presented above and in previous sections show that the model calibration
results in an adequate overall fit between simulated and observed streamflow data at the outlet of the
watershed, as well as a secondary location further upstream in the watershed. The accuracy of the
modeled flows were determined by DEQ to be sufficient for the purpose of conducting the historical
scenario analysis that is described later in this document (Section 5).

Tables of simulation results can be found in Appendix B.

4.5 SALINITY (EC/SAR) CALIBRATION

As water moves across and through the landscape, salts are added to the water column from
interactions with soil and rock. In surface runoff, readily dissolved salts are carried into the stream.
Water flowing through pores in soil or rock (groundwater and other sub-surface flows) is directly in
contact and undergoes a similar process via solubility. Thus salts are in the soil; eroded out of rock,
deposited by rain and the atmosphere (Nilles, 2000), and also added by humans in the form of fertilizer,
sprays, cattle manure, etc. These salts are eventually transported to a waterbody through hydrologic
processes.

As mentioned previously, a different EMC was assigned to each type of water flow (surface runoff,
interflow, and groundwater) in LSPC, and can also vary by land use and cation. The final calibrated EMC
values used in the model are shown in Table 4-4. Results for both EC and SAR are presented in
subsequent sections.
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Table 4-4. EMC values used in the model

Interflow
Land Use Cation Surface Flow (mg/L) | (mg/L) Groundwater (mg/L)
Barren Ca 23 50 100
Forest Ca 23 50 100
Pasture Ca 23 50 100
Shrubland Ca 23 50 100
Urban Ca 23 50 100
Wetlands Ca 23 50 100
Irrigated Land Ca 23 63 125
Barren Mg 19 62 124
Forest Mg 19 62 124
Pasture Mg 19 62 124
Shrubland Mg 19 62 124
Urban Mg 19 62 124
Wetlands Mg 19 62 124
Irrigated Land Mg 19 78 155
Barren Na 34 188 375
Forest Na 34 188 375
Pasture Na 34 188 375
Shrubland Na 34 188 375
Urban Na 34 188 375
Wetlands Na 34 188 375
Irrigated Land Na 34 234 469

Detailed EMC values are not readily available, especially in rural states like Montana (Pitt, et al., 2004).
Therefore, we used site-specific data and best professional judgment to arrive at reasonable values.

For the surface water values, we looked at several periods of high flow in Otter Creek that occurred in
early spring, when presumably the ground was still frozen. The average concentrations in the creek at
this time were assumed to come entirely from surface runoff, and these values were used as the surface
water EMCs. Other models have used values even lower than those reported in Table 4-4 for surface
EMCs (U.S. Environmental Protection Agency and Tetra Tech, Inc., 2007a).

With respect to groundwater, several entities have collected samples in the Otter Creek watershed.
Hydrometrics, Inc., a consultant for Otter Creek Coal, has been collecting groundwater samples in the
vicinity of the proposed mine for almost five years. In addition, Montana’s Ground Water Information
Center (GWIC) has been collecting groundwater samples throughout the state for several decades. To
help calibrate the EMCs for groundwater, we looked at all of the GWIC and Hydrometrics data collected
within the watershed. We filtered data for groundwater well samples only, and then filtered out any
samples taken below 150 feet. This represented a cut-off threshold to only consider groundwater
samples that readily interact with the surface water within the scale of the model. Once this was done,
we created a box and whisker plot of the data for each cation (Ca, Mg, Na) comparing both GWIC and
Hydrometrics data. We have also plotted the range o