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Modeling Streamflow and Water Temperature in the Bitterroot River

EXECUTIVE SUMMARY

The Bitterroot River and several of its tributaries have been identified by the Montana
Department of Environmental Quality (DEQ) as being impaired due to elevated water
temperatures. The cause of the impairment hasdi&dvuted to 1) moderately impacted stream
banks and riparian habitat, and 2) chronic dewatering, both of which lead to summertime
temperatures at/near the high end of optimal conditions for mixed salmonid populations. As such
DEQ has commissioned a watemperature study to investigate the mechanistic relationship
between stream flow, shade from vegetation, arglream water temperature.

Field studies were carried out in 2004 and 2006 to support water quality model development for
the project. QUAL2K water quality models were developed for the Bitterroot River and its three
listed tributaries, Miller, Sleeping Child, and Willow creeks talaate management practices
suitable for meeting state temperature standards. For, the Bitterroot River, a previously
developed QUALZ2E model (converted to QUAL2K) was used for the analysis. New QUAL2K
models were constructed for the tributaries. Shadewddels were also developed to assess
shade conditions using previously collected field data. Overall the models show reasonable
agreement withdrwardlooking infrared(FLIR) data based onraot mean squared error
(RMSE)of 1.4°F for the minimum water taperatures and @B for the maximum water
temperaturesOnce developed, variougater temperatureesponses were evaluated faaage

of potential watershed management activitis/en senarios were considered including.

1. A shade scenario which use$erence conditions for all reaches where the existing
vegetation density, unless impacted by fire, is less than in the existing conditions
model.

2. A headwater and tributary influence scenario where the tributary mean water
temperature values were reducediffy based on expected feasible reductions from
the Headwater Bitterroot TMDL (DEQ, 2005b).

3. A set of flow scenarios to evaluate the effect of water use diversions on temperature.

4. A set of wastewater treatment plant/facility (WWTP) scenarios where the afoun
discharge from each plant was varied.

5. A natural condition scenario where the changes in the shade, headwater and tributary,
flow, and WWTP scenarios were integrated.

6. A naturally occurring scenario which combines the changes included in the shade,
headvat er and tri butary, and fl ow 20 percen
interpretation of all reasonable land, soil, and water conservation measures.

Simulation results ranged from almost no change in water temperatures to reductions as much as
nearly8°F. Changes in shade were found to be most significant for the tributaries. Conversely,
changes in flow were the most significant restoration strategy for reducing temperatures in the
Bitterroot River. Overall, a range of viable outcomes were evaluatkdrarbeing considered as

part of the upcoming TMDL.
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1.0 BACKGROUND

The Montana Department of Environmental Quality (DEQ) has commissioned a water

temperature study to investigate the mechanistic relationship between stream flow, shade from
vegetation, and k3tream water temperature in the Bitterroot River and threddriba. The
onedimensional dynamic stream water quality model QUAL2K v2.11 (Chapra, Pelletier, and

Tao, 2007) was applied to a 8zBle reach of the Bitterroot River extending from the United

States Geological Survey (USGS) gage near Darby to the coodlwdgth the Clark Fork River

near Missoula, and on Miller Creek, Sleeping Child Creek, and Willow Creek. The riparian

vegetation model Shade v3.0 (Ecology, 2008) was applied to the same reaches. The models were
used to assess scenario responses to dltermgnarian and water management conditions. The
results will be used to support DEQOGs Tot al M

1.1 Montana Temperature Standard (ARM 17.30.623)

Mo n t a nsardam teinperature standard is narrative. It is more difficuttterpret for non

point sources compared to point sources. This is especially true when attempting to characterize
the departur-ectoomingatondityons, 06 which refl
reasonable land, soil and water conservatiopr act i ces 0 (-JA/RRM 17.3060 . 6 02)
is the predominant water use classification adopted for the Clark Fork River watershed of the
Columbia River drainage, which includes the Bitterroot River watershed. As currently written, a
maximum allowal# increase ofF over fAnaturally occurr-lng con
waters when natural temperatures are within the range’6ft8 B6F. For temperatures &6 or

greater, a 0% increase is allowed (ARM 17.30.623 (2) (e)). Based on monitdetafrom the

Bitterroot River and its tributaries, the 8F5standard applies, except on the Bitterroot River

above Skalkaho Creek near Grantsdalen@Owhere the 9F standard applies.

1.2 Problem Statement

DEQ has divided the Bitterroot River intad¢le segments for scientific and administrative

purposes: 24:8niles (East and West Forks of the Bitterroot River to Skalkaho Creek), 36.5

miles (Skalkaho Creek to Eightmile Creek) and 28ikes (Eightmile Creek to Clark Fork

River). DEQ assessedthedita om each of these segments in ac
303(d) assessment process. The assessment records indicate that the river is moderately impaired
(CWAI C, 2009) and DEQO6s beneficial use suppor
waterf shery uses are partially supported in al/l
impaired waters, only the middle segment of the Bitterroot River (Skalkaho Creek to Eightmile
Creek) is indicated as likely impaired by thermal conditions (CWAIO920The causes of the
impairment may include: 1) summertime temperatures at/near the high end of optimal conditions

for mixed salmonid populations; 2) moderately impacted stream banks and riparian habitat; and

3) chronic dewatering. Models were developed various potential scenarios that influence

water temperature performed to support assessment of water temperature conditions.

l1|Page
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2.0 STuDY AREA

The Bitterroot River study area drains approximately 2&f@aremiles (mi?) of high- and mid
elevation moutainous topography in western Montana. The East Fork Bitterroot River
originates from the continental divide while the West Fork Bitterroot River originates from the
IdahaMontana border. The forks merge near Darby and the river flows south past thetowns
Grantsdale, Hamilton, Woodside, Corvallis, Victor, Stevensville, Florence, and Lolo before
reaching its endpoint at the Clark Fork River. The entire watershed is part of the ()SGS 4
Hydrologic Unit Code (HUC) 17010205.

The East and West Forks of that8rroot Rivers (headwaters) are part of the Bitterroot
Headwaters TMDL planning area (TPA), while the lower Bitterroot River (Darby downstream to
the Clark Fork River) is part of the Bitterroot TPA. This study focuses on the lower Bitterroot
River. Acces to the study area site is from 193, which parallels much of this reach of the river
(Figure 2-1).

2.1 Climate

Climate in the Bitterroot River watershed is intermontane continental, with marked seasonality
(Figure 2-2). The cooperative observationtsta at Hamilton (COOP ID 243885) is located

near the middle of the Bitterroot TPA and provides representative climatic information regarding
the project siteThe Cooperative Network has been recognized as the most definitive source of
information on U.Sclimate trends for temperature and precipitation and follows established data
standards (NOAA, 2009Records from Hamilton indicate that average air temperatures from
1895 to 2008 range from about’B5n the summer to about #sin the winter (WRCC, 2).

This range in air temperatures is similar to those recorded at eight other cooperative observation
stations in the watershed (Darby, Lolo Hot Springs 2NE, Missoula 2NE, Missoula 2WNW,
Missoula WSO AP, Stevensville, Sula 3ENE, and the Western AgrialR@search Center).
Average annual precipitation is approximately 12 inches with a fairly uniform distribution of
about 1 inch per month. The driest months are usually February and March with about 0.8 inch
of precipitation, and the wettest months are Magl June with about 1.6 inches of precipitation.
The eight other cooperative observation stations in the valley recorded similar precipitation.
Cooperative observation stations at higher elevations recorded about double the amount of
annual precipitationyith most of the additional precipitation falling as snow during the winter
months.

2.2 Surface Water

In general, Bitterroot River watershed hydrology is predominantly snowdriedn, as
demonstrated in the mean monthly hydrographgufe 2-3). Within the study area, there are six
USGSstream flow stations on the Bitterroot River. The gages, with the drainage area in
parentheses include: (1) USGS 12344000 Bitterroot River near Darbyflif)492) USGS
12346000 Bitterroot River near Grantsdédlet14mi?); (3) USGS 12348200 Bitterroot River
near Corvallis (1,73-mi%); (4) USGS 12350250 Bitterroot River at Bell Crossing near Victor
(1,963mi?); (5) USGS 12351200 Bitterroot River near Florence (2188%; and (6) USGS
12352500 Bitterroot Riveraar Missoula (2,8 ni). Typically, spring snowmelt begins in mid

2|Page



Modeling Streamflow and Water Temperature in the Bitterroot River

to lateMarch, peaks in June, and then rapidly declines in July and August back to base flow.
Tributary inflow to the Bitterroot River is variable, and depends on the aspect, basiroalevati
drainage area and mountain range, water use and the presence of irrigation diversions. Many of
the larger tributaries are similar in drainage area and flow. These tributaries include: Rock Creek,
Lick Creek, Lost Horse Creek, Sleeping Child Creek, Igitad Creek, Blodgett Creek, Fred Burr
Creek, Sweathouse Creek, North Fork Burnt Creek, and Lolo Creek.

Legend

— Montana Route

— US Route

—— Hydrography
® Towns

USGS gages

gty

Miles

Figure 2-1. Bitterroot River watershed, hydrography, and stream flow stations
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The modeling reacim Figure 2-1 extends from approximately Darbyttee confluence with the
Clark Fork River near Missoula. The limits of the study area reach are delineated by a red line
and are labeled.

—=—TMAX (monthly maximum air temperature
——TMIN (monthly minimum air temperature
—PCP (monthly precipitation’

100 ; ; ; 2.0
i | |18
B0 e T e h R STEE -1 16 9
L ; 5  F14 S
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O 40 oo DR et e T et g D ;- 0.8 £
e . =3
2 : - 06 9
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Figure 2-2. Bitterroot River climate at Hamilton, MT

—=— USGS- Bitterroot River near Darby (1932008)
—-----USGS- Bitterroot River near Grantsdale (190207)

—<— USGS- Bitterroot River near Corvallis (195P963)

~~~~~~~ +USGS- Bitterroot River at Bell Crossing nr Victor (19&D08)

° 000+ USGS- Bitterroot River near Florence (198865, 20022008)
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Figure 2-3. Bitterroot River USGS hydrographs
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2.3 Groundwater

The Bitterroot Valley is underlain by unconsolidated to seomsolidated tertiary sediments and
groundwater flow under the valley is characterized by a complex seasonal interaction with
recharge from streams and irrigation (McMurtrey, et.al., 19389.germeable soils and

extensive agricultural activities that occur in the valley generally prevent surface runoff, except
during storms of high intensity or during snowmelt when the ground is frozen (Briar and Dutton,
2000). Groundwater levels tend to dually decline through the winter and early spring, and

then rise in late spring and summer due to recharge from precipitation and irrigation
(McMurtrey, et.al., 1972). A result of this interaction is a systematic correlation that is
suggestive of a direcelationship betweesnow pack, recharge, aquilerel, andstreamflow.

It is estimatedhatthe shallow aquifer along the valley floor alone holds 628 billion gallons with
the annual recharge averaging about 180 billion gallons pe(lyegave, 2008)If this volume

were added to the annual average volume of flow for the Bitterroot River at Missoula, it would
be an increase of about 30 percent.)
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3.0 METHODS AND M ATERIALS
Data for this study came from various agencies, including: flow from the USiBftic data

from the National Oceanic and Atmospheric Administration (NOAA), and water temperature and
shade data from DEQ. The data are described as part of the Model Development sections.
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4.0 SHADE MODEL DEVELOPMENT

4.1 Model Description

Shade v3.0 is a riparian vegetation and topography model that computes the hourly effective
shade for a single day (Ecology, 2008). Effective shade is the reduction in solar radiation caused
by both land forms (hills, mountains, etc.) and plants that liteelpath of solar rays. Shade is

an Excel/Visual Basic for Applications program. The model uses the latitude/longitude, day of
year, aspect and gradient (the direction and slope of the stream), solar path, buffer width, canopy
cover, and vegetation heigiot compute hourly, dawto-dusk shade. The model input variables
include channel orientation, wetted width, bankfull width, channel incision, topography, buffer
width and height, and canopy covBankfull width in the shade calculations is defined as the
nearstream disturbance zone (NSDZ), which is the distance between the edge of the first
vegetation zone on the left and right bank

4.2 Available Data

The application of the Shade model to the Bitterroot River relied figldndata collected during

a 2006 field studynd the interpretation of these ddEQ, 2005a an®EQ, 2007). The results

of the study included: tree height, crown diameter-toeehannel distance, buffer width,

overhang, shade density, active chanvidth, terrain slope, and percent of reagbpect was
estimated and provided in the shade report; however, it was reported as Aspect Class with the
bearing grouped into categories of either 60 or 120 degrees. The Aspect Class provided only a
gross approxnation of the bearindlo values were provided for tiséream disturbance zone

ard the distance from théream center to the left or right bank.

4.3 GIS Pre-Processing

TToolsv3.0 is anArcView extension to translate spatial data into Shade model i(PDEQ,
2001) TTools was used to estimate the values that were not pravidiee field study report

(1) elevation (2) aspect(3) near stream disturbance zone (NSRjth, the distance from the
stream center to the left bgrdnd(4) topogaphic shad. (1)Elevation was calculatagsing a

30-m (98+t) digital elevation model@EM) andthe stream centerline filacluded with the field
studyreportas provided by DEQ. (Dspect was calculated to the nearest degree using TTools
with the stream centenle file. (3) Thefield studyreport only provided an estimate of the active
channel or "the width of the channel at bankfull." The active channel and wetted width were
assumedaonservativelyto be the equivalenHowever, the NSDZ was always estimated asen
than the wetted width, averaging 1.8 times gredf€ools calculates these values based on the
stream centerline and left and right bank NSDZ. Left and right banks were delineated in GIS
based on the aerial photographs from the Montana Natural Redatoamation System,
NaturatColor Aerial Photos of Montan&005 andU.S. Farm Services Agency National
Agricultural Imagery Program (NAIP). Performing the delineation required some interpretation
of the location of thetream centerlingn themeandeng and braidedeache®f the Bitterroot
River. This provided anethodto estimate the widths required by the Shade model. Again the
NSDZ was based on the availab&ial photograply from 2005.(4) Topographic shadeas
calculated using TToolwith the stream centerline file aadEM.
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4.4 Riparian Input

The Shade model requires the description of riparian vegetatealescriptionincludes:
vegetatiorcode, description, height, density, and overhang (Dhg.results in the field study

repat were used to develop a riparian descriptidiiegélrable 4-1). Vegetation descriptions

used the average value for tree height and shade density when multiple field observations were
recorded. The overhang reported in the field study repoeasisheet as zerdor all vegetation

types While there may be some slight overhang along small portions of the Bitterroot River, the
river is wide and using a value of zero provides a conservative estimate.

Table 4-1. Riparian land cover types and associated attbutes used in the Bitterroot River
Shade model
Land Cover Height (ft) Density (%)

Brush/saplings 41.0 60
Coniferous/deciduous 74.1 80
Deciduous 61.4 42
Deciduous/brush 65.9 70
Deciduous/brush/herbaceous 74.5 78
Deciduous/coniferous 73.8 73
Deciduous/coniferous/brush 70.2 79
Deciduous/coniferous./brush/herbaceous 77.8 66
Deciduous/coniferous/herbaceous 76.4 65
Deciduous/coniferous/herbaceous/wetland 107.9 90
Deciduous/coniferous/shrubs 72.5 75
Deciduous/coniferous/shrubs/herbaceous 80.4 66
Deciduous/herbaceous 71.5 59
Deciduous/herbaceous/wetland 87.6 83
Deciduous/shrubs 449 20
Deciduous/shrubs/herbaceous 65.9 58
Shrubs 7.9 80

4.5 Shade Input

The Shade modehputs include(1) riparian zones(2) reach length(3) channeincision and

(4) elevation, aspect, wetteddth, nearstream disturbance zone width, distance from the bank
to the center of the streammd topographic shad@) The riparian zones fohé¢ left and right
bank were based on the existing ®@&gion compsition as provided in the field study, and were
assigned values based on the riparian vegetation descripiaivie @-1). (2) The Shade model
requires rach lemgths be an equal interval. The reacimethefield study reportvere not at an
equal interval and were subdivided while maintaining the same reach charactérishdsrm
reach length interval of 66fd was used. (3Channel incision was estimated based on the bank
stability provided in théield studyreport.Incision isthe vertical drop from thbankfull edge to
the wate surface Where the bank was stable, incision was set at(nersteep eroding

cutbank) otherwise the incision was estimatedds feetbased on the database comment field
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of vertical or near véical stream bankg4) The remaining variables were computed as part of
the GIS preprocessing.

4.6 Model Evaluation

The Shade model results generally indicate betvi®amd30 percent effective shade along the
Bitterroot River(Figure 4-1). Effective shade is the reduction in solar reflectiae tolight
reflection and shading froimothvegetation and topographihe field study report included
ground truth resultdfield measurementg§PEQ, 2007). These values aienilarto theestimate
shade
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Figure 4-1. Shade model Bitterroot River longitudinal effective shade profile
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5.0 QUAL2K MODEL DEVELOPMENT

5.1 Model Description

QUAL2K v2.11 is a river and stream water quality model that is intended to represent a
modernized version of tl@UAL2E model (Chapra, Pelletier, Tao, 200QUALZ2E is a one
dimensional water quality mod#lat wasdeveloped in the late 1980s/early 1990swand
previously supported by the U.S. Environmental Protection Agency (ERML 2K was
recentlydevelogdby the EPA, Tufts University, and the Wiasgton Department of Ecology.

The QUAL2K model is a ordimensional, steadgtate hydraulics model. In other words, flow
in the stream channel is assumed to be-metked vertically and laterally, and that raniform,
steady flow is simulated. The heat budget and temperature are simulated as a function of
meteorology for a diel (24r) time scale. The model permits subdividing the river into reaches
of unique length that can have multiple inflow loads and withdls

5.2 Available Data

The application of the QUAL2K model for this study relied upon the conversion of previously
developed QUALZ2E model of the Bitterroot River (HDR, 2005). The model report includes data
reviews and model inputs that were usefuhi@ tmodel conversion and upgrades.

5.3 Simulation Period and Model Coefficients

Models were developed for six simulation periods: Jurfe 2@y 18" and August 18 for 1992

and 1999. These dates were selected based on data availability, represaingatising season
conditions, and the capabilities of the model for shuglg, steadystate conditions. For the water
temperature simulations, the August 1992 date was selected as the period of critical low flows
and high water temperatures.

5.4 Flow Input

The flow inputs in the QUAL2K model include: headwater (the most upstream reach of the
model near Darby), diffuse sourcesd.,groundwater recharge and loss&sallow irrigation
infiltration/return flows, bankflows, etcand point sources (tributaries, irrigation withdrawals,

and municipal discharges). Flow accounting in the Bitterroot River watershed is challenging due
to the interaction between surface water and groundwater, agricultural water use, and many
small, ungaged tributaries. Taking these factors into consideration, the following approach was
used to assess the hydrology and develop flow inputs for the model.

5.4.1 Flow Approach
Accuracy in the water balance is important for heat transfer calculationsantesmperature

model simulations. The original water balance used in the QUAL2E model was reviewed by
comparing historical USGS gage data and associated regressions to estimate tributary inflow to
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the river. Additionally, new information for the QUAL2K ugteg was acquired regarding water

use and irrigation diversions from Al Pernich
USGS flow records for the mainstem Bitterroot River and tributaries were downloaded from the
USGSNational Water Information SysteWeb InterfacdUSGS, 2009). The tributaries were

organized by the eastde and the westide of the watershed due to hydrologic differences in

both annual average precipitation and water yield. The drainage area and flow records were then
used as partf@ flow-regression analysis.

5.4.2 Flow-Regression Analysis

The flowregression analysis was completed to estimate flows fgaged basins as part of the

water balance. The analysis included comparing mean monthly discharge with the basin drainage
area. Linear, exponential, and power regressions were evaluated. Overall, the linear regression
model resulted in the best coefficient of determination (esguared value). A linear

relationship also matches leflow conditions conceptually; e.g. as thaitiage area increases,

the discharge from a basin typically increases proportionately unddloaveonditions. The
regressions were also examined using data for the full period of record, versus using aligned
datasets for common periods. Both the refeiops and thesquared values were similar for the
period of record and the common period analyses.

Relationships developed for the mainstem,-eitk, and wesside are shown ifiable 51 and

Figure 5-1. Data from some of the weside gages were noicluded in the analysis due to large
differences in the drainage area (e.g. Lolo Creek), the impact of canal and reservoir operations
and lack of definitive watershed area (e.g. Rock Creek), and inconsistent records and the
appearance of stream depletlpnwater use, diversions and/or other seasonal influences (e.g.
Blodgett Creek).
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Table 51. Mean of monthly discharge to drainage area linear regressions

Bitterroot River Equation R?
June Q=2.7369DA+693.3 0.8679
July Q=0.8778DA+35.991 0.5651
August Q=0.3414DA133.32 0.6710

Stations usedBitterroot River near Missoula, near Florence, at Bell Crossing near Victor,
Corvallis, near Grantsdale, near Darby

East-side tributaries Equation R?
June Q=4.7664DA71.37 0.9210
July Q=1.6855DA27.101 0.8830
August Q=0.7096DA10.757 0.8662

Stations used:
Eightmile Creek near Florence, Willow Creek near Corvallis, Willow Creek at Anfinson Re
near Corvallis, Sleeping Child Creek near Hamilton, Burnt Fork Bitterroot River near

Stevensville, SkalkahortCe e Kk near Hamil t on, Skal kaho (
West-side tributaries Equation R?
June Q=7.1152DA+72.656 0.9871
July Q=7.6574DA95.92 0.9901
August Q=8.4193DA186.09 0.9210

Stations used:

Fred Burr Creek near Victor, Blodgett Craatar Corvallis, Bear Creek near Victor, Kootenai
Creek near Stevensville, Rock Creek near Darby

Stations not used:

Lolo Creek near Lolo, Lolo Creek above Sleeman near Lolo, Rock Creek Canal near Darl
Blodgett Creek near Hamilton

Q = flow (cfs), DA =drainage areas@juare miles

Monthly flow produced by the regression analysis was adjusted by the ratio of the monthly mean
flow to the mean of monthly discharge at the Bitterroot River at Missoula (theédomgaverage

flow of the month to the 1992 4©99 average flow for the month) for the final adjustment.

When a longterm record was available without data for 1992 or 1999, this adjustment provided

a more specific estimation of flows for that year.

In some instances, the estimated tributary flonetdam the regression analysis may have-over
predicted the actual flow reaching the Bitterroot River. Comments from TMDL meetings suggest
much of the tributary flow does not reach the Bitterroot River in August because the flows are
diverted for agricultudause. Additionally, the diversion flows may unegmedict the total

diverted flows for irrigation because only the main canals are explicitly identified in the water
balance. The diversion flow for June, July, and August is approximately 27 percentatéthe
estimated irrigation surface water withdrawals in the watershed (USGS, 2004). Therefore the
following two adjustments to the regression flows were made. West side tributaries from Darby
to Corvallis were reduced to a minimatstream flow of 1€cfsin August to achieve the water
balance. Flows in Willow Creek were set to zero based on the comment that the flows go into a
wetland refuge.
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Figure 5-1. Flow-regression relationships
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5.4.3 Model Flows

The flow for the upstream model boundary conditi@as set as the gaged monthly mean flow

(June, July, or August for 1992 or 1999) from the Bitterroot River near Darby, MT. Gaged mean
monthly flows were used for gages operating in the watershed during 1992 and 1999. For those
gages that have operated brgtally in the watershed, but were not recording during 1992 and

1999, regression relationships were reviewed. The regressions for mainstem flow do not have
high rsquared values during the summer because flow decreases through the middle reach of the
Bitterroot River due to irrigation withdrawals. For this reason, the regressions were not used to
compute the comparison of mainstem flow values. Instead, these values were estimated to be the
ratio of the monthly mean flow to the mean of monthly dischargjfeeaBitterroot River at

Missoula gage (the lonatgrm average flow of the month to the 1992 or 1999 average flow for

the month), multiplied by the mean of monthly discharge at the intermediate mainstem gage.

Diversions to main canals were set based on information regarding irrigation diversions provided

by Al Pernichele from the Binunticpal dsshamgentWat er Us
model are a small percentage of the total flow (0.7 perceheahtan August 1992 flow at

Missoula and 1 percent of the sexday consecutive low flow with a Ikear return frequency

(7Q10) flow at Missoula) and were based on #dfp
Agencyds (EPA) Natge nglli nPionlatuitoann tS yDsitsecnh a(rNP D E S
2005). These were not adjusted as part of the 2009 water balance update.

An unmeasured, or accretion flow, term was developed for each reach to match the sums of the
headwater, poirsource, tributary, and dévsion flows to the mainstem flows. The accretion

flows are meant to include the combination of groundwater inflows and losses, and other
unaccounted flows. Information on groundwater reach gain/losses was researched but no specific
data were found. Groumdter is highly variable and interconnected with the storage of high

stream flow and irrigation in the Bitterroot River valley (Sandals, 1947). This interconnectivity

can result in variations of 30 feet or more in the groundwater table (McMurtrey,1€354),

Comments from the technical advisory committee suggested groundwater rechargefeffad0

the Darby to Grantsdale reach. The results of the water balance were generally lower-than 200
cfs, ranging from a loss of about 26f3 to a gain of about2D-cfs in this reach.

No return flows are included in the water balance. It is assumed that all diverted flows are either
consumptively used or lost to groundwater, and accounted for the accretion flow, given the
agricultural water demand in the valleynése assumptions are based on firsthand discussions
with agricultural water users about the actual water management practices that occur in the
valley. Previous studies indicate that approximately half of the diverted flow has the potential to
become groutwater (McMurtrey, et.al., 1959). The irrigation based groundwater flow is part of
the total groundwater flow for the overall water balance and associated inflow boundary
conditions for the model.

5.5 Water Temperature Input

Each of the flow inputs in iQUAL2K model has an associated water temperature. The
following approach was used to develop water temperature inputs for the model.
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5.5.1 Water Temperature Approach

The original estimates in the QUAL2E model were based on all available data frondulyne,

and August for 1971 through 20(DR, 2005). The following approach was used to update
these estimateRelationships between flow and water temperature were examined using
regressioranalysisfor each tributary individualland grouped as easitle and westside
tributaries.The results of the regression analysis were used to update the water temperatures in
the model for the updated flows from the water balance.

5.5.2 Water Temperature Regression Analysis

The goal of the water temperatusgression analysis was to improve the estimates of tributary
water temperatures for the modeled flow conditi@nsce limited data were availabdevariety

of regressions and groupings of data were evaluated.Xxpomential anghower regressiondid

not providea significantly different coefficient of detelimation (e.g. fsquared value) than the
linear regression. The grouping of easte and wesside Bitterroot River watershed tributaries

did not provide stronger correlations than the individagtassions for each tributary. While all

of theevaluatedelationships indicated that water temperatures decrease as flows increase, the
linear regression of summer déatributarywas selectedsthe best estimation of water
temperature tdlow. The linea regressiomelationships and-squared valuedeveloped for each
tributary using data from all three sumnneonths, June, July, and August ard able 5-2.

Table 5-2. Flow to water temperature linear regressions for inflows
Inflow Equation R’

Bitterroot near Darby T=-0.0041Q+14.872 0.4958
Lick Creek T=-0.5161Q+12.019 0.6700
Lost Horse Creek T=-0.0205Q+17.222 0.8013
Sleeping Child Creek T=-0.058Q+16.802 0.7631
Skalkaho Creek T=-0.0176Q+12.255 0.5995
Blodgett Creek T=-0.0094Q+8.2635 0.3024
Willow Creek T=-0.0293Q+5.5533 0.1117
Big Creek T=-0.011Q+9.6422 0.4416
Kootenai Creek T=-0.0045Q+8.0681 0.0426
North Fork Burnt Creek T=-0.0108Q+6.7344 0.1655
Bass Creek T=-0.0283Q+8.3962 0.1808
Threemile Creek T=-0.0779Q+16.049 0.3650
Eightmile Creek T=-0.0712Q+6.2432 0.4053
Lolo Creek T=-0.0067Q+16.33 0.8343
T = water temperaturéi), Q = flow (cfs)

5.5.3 Model Water Temperatures

For the tributaries with data, linear regression equations were used to compute water
temperatures for the model inputs. Water temperatures for the four creeks without sufficient data

15|Page



Modeling Streamflow and Water Temperature in the Bitterroot River

for regressions were estimat&bck Creek was estimated based on tvebohical field

measurements. Sweathouse Creek was estimated based on field aquarod measotkroeats

by DEQfrom August of 2005 and 2006. Bear Creek was estimated to be the same as Sweathouse
Creek. Miller Creek was estimated as the average of tiee sitheast side creeks.

For the accretion flows, the average of the August aquarod measurements fiGredignd
Sweathous€reek was used. The agquarod measurenvesits used to estimate the diurnal range
(between 3.6 and 5B) and time of the maximuifibetween 6 and 10pm) for the east and west
side tributaries.

The water temperatures for the tributaries were less than the mean nfarghstair

temperature of 64, which was calculated as the average of the mean monthly air temperature
from nine wedter stations in the watershed. The data are from the historical summaries
maintained by the Western Regional Climate Center (WRCC, 2009).

Five general types of wastewater treatment facilities exist throughout the waterskéd: on

septic systems, infilation systems (Corvallis), land application systems (Victor), lagoons

(Darby and Stevensville), and mechanical treatment plants (Hamilton and Lolo). Data from
lagoons in Twin Bridges and Whitehall were used to estimate the mean water temperature, range
of 4.0°F, and time of the maximum at 9pm for Darby and Stevensville. Data from the treatment
plant in Missoula were used to estimate the mean water temperature, randg,afri@ime of

the maximum at 8pm for Hamilton and Lolo.

For thediffuse flow, the neanof the averagair temperaturef the preceding months (May,
June, July, and Augustjas usedo estimate the water temperatur&@-. The temperature of
groundwategenerallyvaries aroundhe mearannualair temperature above the land surface
which is 45F for the valleNGWA, 2009) Diffuse flows in the model include more than
groundwater and thus were estimated at a higher water temperature.

5.6 Climate Input

The climate inputs in the QUAL2K model include air temperature, dew point tataperwind
speed, and cloud cover. Data from the Missoula 2NE station were used for the entire watershed
(HDR, 2005). This station collected all the input parameters for the day modeled.

5.7 Shade Input

The Shade model resuligere incorporated into tHQUAL2K August 1992 model. Since the

reach lengths in QUAL2K were set the same as in the Shade model, the Shade model results (see
the calculation of effective shade under the heading Shade Model Development and specifically
the subheading Model Evaluatjonere directly input into the QUAL2K model. The shade data

are hourly percentages of thelar radiation that is blocked because of shade from topography

and vegetation. Hourly values are applied as integrated values for each hour, e.g. the value at
12:00AM is applied from 12:00 to 1:00 AM
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5.8 Model Evaluation and Calibration

The lowest flows tend to occur in the reach between the USGS gages near Corvallis and Victor.
The USGS records for both gages have low mean monthly flows of abcatslAthe lovest

daily average flows in the record are icdf4 near Corvallis and 6&s near Victor. The flow
regressions and water balance appear to be appropriately representing low flow conditions.

A quastcalibration/validation of the 1992 model was performedgBLIR datathatwere
collectedin 2004by using a&orwardlooking infrared(FLIR) device which senses infrared
radiation The QUAL2K predicted water temperatures were compared agairfstifRedata

The day and nightLIR values were averaged for eachtteof a mileinterval of the Bitterroot
River. For locations with onla day or anight water temperature valuthe missing values were
interpolated. The data were averaged for eachanitigesuledin 82 points which were then
compared to the QUAL2Kesults.

Improvements to the QUAL2K model predictimompared to the FLIR dataere achieved
with the following modifications. The water temperature at Darby, the headwater condition,
along with the air temperature and dew point temperatures were rdddiiiea singlevalue to
varyingfor each hour of the dag better represent the diurnal cycle minimum and maximum
temperaturesAir and dew point temperatures wgreviouslysingledaily averages.

Thereach data include hydraulic rating curves for whietocity and depth of flovare specified

as a function of discharge, and for which top width and mass transport formulations are
subsequently calculateBischarge measurement data sheets from the W8B&Sused to

develop the coefficient and exponent values for depth and velocity to discharge relationships
(HDR, 2005). However, the data poorly represent low flow conditions such as August 1992. The
depth coefficient and exponent was adjusted to imptowedpresentation at low flowWghe

coefficient and exponent used for each reach corresponding to the gages from upstream to
downstream wereDarby0.35 and 0.3Grantsdalé.33 and 0.31Corvallis0.31 and 0.32Yictor

0.29 and 0.33, anlorence0.25 and).395).

No weather data were collected as part of the 2004 FLIR ddadly. maximum and minimum

air temperatures, depoint temperature, wind speed, and sky conditions were acquiredifeom
Missoula2NE station for August 1992 and 2004. Maximuand mhimumair tempertures

were relativelysimilar between the two years in Augu3ew points vaied the mostwith 2004

near 50F and 1992 near 4B. Wind speeds werersilar between about 3 and 5 mytioud

cover averaged about 50% during August for bo®21&nd 2004The mean monthly percent
possible sunshine for Missoula is 77 percent in August (WRCC, 2009). This was translated to an
average cloud cover of 23 percent.

By setting cloud cover to 23 percemtd the atmospheric longwave emissivity model to
Brutsaert, the model results are similar to the FLIR (Fitpure 5-2). The root mean squared
error (RMSE) (of the FLIR data to the model results).#F for the minimum water
temperatures and GRfor the maximum water temperatures (the FLIR datasetatithclude
the mean daily water temperature).
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Figure 5-2. Bitterroot River simulated water temperature (lines) for August 1992 and 2004
FLIR data (squares)
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6.0 RESULTS AND DISCUSSION

6.1 Flow

Simulated strearflows in the Bitterroot River generallgcrease downstream in June, with

withdrawals starting to impact the increase in flows along the middle rEaghés 6-1 and6-

2). The stream flows in July and August show the Bitterroot River has significantly lower flows

due to withdrawals and reduceflows in the middle reach. While limited data were used in the
development of the water balance, results do match the USGS measured flows at the end of each
ofthereache6t he USGS reaches are defined under the
aredefined under the heading Problem Statement).

1992 Flows
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Figure 6-1. Bitterroot River simulated flow (lines)for June, July and August for 1992.
River station zero is the confluence with the Clark Fork River
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1999 Flows
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Figure 6-2. Bitterroot River simulated flow (lines) for June, July and August for 1999.
River station zero is the confluence with the Clark Fork River

6.2 Water Temperature

Simulated water temperatures in the Bitterroot River generally increase downstream in August.
Although limited data were availablerfthe water temperature inputs; data fro@084 FLIR
studywere available for comparison.

For comparative purposes, the headwater flow was changed to the August 2004 flow since the
FLIR data are from 2004 he root mean squared error (RMSE) i&F for the minimum water
temperatures antl0°F for the maximum water temperatures. The simulated water temperatures
in the Bitterroot River are similar with some small changes in the minimum and maximum water
temperatures. Maximum water temperatw@stinue tde slightly underestimated by the

QUALZ2K model near Hamilton.
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7.0 TRIBUTARY SHADE M ODEL DEVELOPMENT

The Shade modeklas applied tdiller Creekand Sleeping Child Creelwvhich are tributaries to
theBitterroot River. The Shade modets the tributariesvere based ofield data collected

during a 2006 field studgnd the interpretation of these déPEQ, 2007). The tributary shade
data were collected as part of the same study as the Bitterroot River shade data. TTools was
again used for the GIS pprocessing and in assisting with the development of the Shade
models.

7.1 Riparian Input

The Shade model requires the description of riparian vegetatealescriptionincludes:
vegetatiorcode, description, height, density, and overhang (DhRg.resultsn the field study
report, based on the aerial photograph interpretatiere used to develop the descriptiobléa
(Table 7-1). The existing vegetation composition was usedeietbp the codes for the model.
The treeheight, shade density, and olwang were averaged for each vegetation type.

7.2 Shade Input

The Shade modehputs include(1) riparian zones(2) reach length(3) channel incisionand

(4) elevation, aspect, wetted and near stream disturbance zone width, distance from the bank to
the center of the streamnd topographic shad@) The left and right bank riparian codes for all
zones were based on the existing vegetation composition adgutovihe field study(2) The

reach legth must be an equal intervahe reaches in thigeld study reportvere not at an equal
interval and were subdivided while maintaining the same reach charactefistiuéorm reach
length interval of 668t wasused. (3)Channel incision was estimated based on the bank stability
provided in thdield studyreport. Where the bank was stable, incision was set at zero; otherwise
the incision was estimated a%-ft based on the database comment field of verticakar

vertical stream bank§4) The remaining parameters where computed using TTools and the
process as described for the Bitterroot River under se4t®&1S Preprocessing.
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Table 7-1. Riparian land cover types and associated attributes used in the butary Shade
models

Land Cover | Height(ft) | Density(%) | Overhang (t)
Miller Creek
Brush 21.3 10 2.3
Coniferous 57.4 73 12.8
Coniferous/brush 65.9 48 7.2
Coniferous/brush/herbaceous 74.1 60 16.1
Coniferous/deciduous 69.9 53 10.8
Coniferous/deciduous/herbaceous 57.1 10 2.3
Coniferous/herbaceous 38.1 0 1.6
Deciduous/brush 46.9 18 1.6
Deciduous/coniferous 67.6 25 2.3
Deciduous/coniferous/brush 459 90 20.7
Deciduous/coniferous/herbaceous 49.9 10 2.3
Sleeping Child Creek
Brush 15.1 20 4.6
Coniferous 66.9 100 11.8
Coniferous/brush 459 86 4.9
Coniferous/deciduous/brush 53.1 100 23.0
Coniferous/snags 77.1 78 4.6
Coniferous/wet meadow 42.0 83 8.2
Deciduous 77.1 43 3.0
Deciduous/brush 69.9 70 16.1
Deciduous/coniferous 67.9 90 20.7
Deciduous/coniferous/brush 43.0 90 7.5
Snags 69.9 95 3.0

7.3 Model Evaluation

The Shade model results range freenoto ninety-eightpercent effective shade along these two
tributaries(Figures 71 and7-2). The higlestshade values are generaligarthe headwaters,

where the stream width is small, the vegetation is tall and extensive, and the topography is steep.
In general, thelsade then decreasesitblowestvalueneaestthe tributary confluece with the

Bitterroot River.

Ground truth points (field measurements) were available for Miller Creek and Sleeping Child
Creek. Willow Creek was does not have ground truth points because it did not meet the criteria
of the ground truthing studfgoth the MillerCreekandSleeping CHd Creek ground truth points
plot within the model results and appear to confirm the model prediclibegesults for Miller
Creek appear to indicas®meclustering withvariousareas of more or less shade. The field
assessment hastacovaageon the different vegetation type, height, and derisityhe length

of the creekbut only one or two field measurements of the effective shEueupper most

reach has taller and high density vegetation and thus greater Shadeeas with leshade

have shrubs and grasses and occasionally trees with a low density
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Figure 7-1. Shade model Miller Creek longitudinal effective shade profile
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Figure 7-2. Shade model Sleeping Child Creek longitudinal effective shade profile
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8.0 TRIBUTARY QUAL2K MODEL DEVELOPMENT

QUALZ2K models were developed ftiller Creek Sleeping ChildCreek and Willow Creekor
Augustof 1992.

8.1 Available Data

The construction of the QUAL2K models for the tributaries relied heavily on existing data as
documented and &d in the Bitterroot River QUAL2E and QUAL2K mod¢lDR, 2005).

8.2 Simulation Period and Model Coefficients

Models were developed for one simulation period: Augu$tfa51992. This is same date
selected for the Bitterroot River water temperatureutations; the August 1992 date was
considered as the period of critical low flows and high water temperatimesvater column
ratecoefficients (coefficients that relate physical, chemical, and biological parameters), as well
as thdight and heat valuesvere sefitthe same valuessin the Bitterroot River moddChapra,
Pelletier, and Tao, 2007Mlo point sources are included.

8.3 Flow and Water Temperature Inputs

DEQ conducted a field study in the summer of 2007. Flow and water temperature @ata wer
collectedby DEQ using a flow meter and an onset stowaway data leggetected sites along
the three tributaries:lows were measured at the start and end of the study. The temperature
loggers were installed at the start of the study, July 12, 26d#esrieved at the end of the
study, October 10, 200The headwater and diffuse flows were set similar to these flows. There
are three points along Willow Creek that intermix vitie Oilwell, Republic, and Corvallis
canals. Field observations indicabat the water temperatures immediately upstream and
downstream of these locatioasedifferent. QUAL2K is unable to add and remove diffuse flow
in the same segmerih order b mimic this intermixingpf flows, thetwo segmentsupstream

and downstream dhe canal locationyere used with equal addition and subtraction of flows
and water temperatures from the monitoring dataset.

The headwater elevation was based on the TTools resultsydMaulicrating curvedor flow
relationshipor otherdata to deglopflow relationshipsvere readily available. Instead of using
hydraulicrating curvesas used ithe Bitterroot River model, the Manning Formula was used.
The channel slope was calculated based on the reach length and elevations fromIrhi€ools
width was based on the Shade Study data, and Manni(@®849)and side slopes webmased

on the channel characteristidhe headwater ater temperatures wesetbased orthefield
monitoring data

The reacheaused in the QUAL2K modedre the same dke reachedeveloped from TTools
which wereused in the Shade models. The reach length use@6@ds, which subdivided the
creeks into between 139 and 203 reade®ending upon the streaifrhe air temperature, dew
point temperature, wd speed, and cloud cover data are the same as in the Bitterroot River
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modelbecause data from the Missoula International Airport were used to represent the entire
valley.

8.4 Shade Input

The $adeinputsfor Miller Creekand Sleeping Child Creek usee ttesults otheir respective
Shade modeldVillow Creek was not included iR006 fieldstudy so there was insufficient
information to use TTools and develop a Shade miodehis creekAverages of the shade
values for MillerCreekand Sleeping Child Ce&, mountain and valley reachegereused for
Willow Creek mountain and valley reaches

8.5 Model Evaluation and Calibration

Water temperatures for the three tributaries warm from the headwaters to the confluence with the
Bitterroot River The flows mé&ched those from the 2007 field study. These flows and the model
input values selected resultedwater temperaturdseingwell representedhen comparing to
monitoring results
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9.0 TRIBUTARY RESULTS AND DISCUSSION

9.1 Flow

The July 2007ield dataflows were used to develop the QUAL2K mod&snulated stream
flows in the Miller Creek generally increase downstream with some loss near the confluence
with the Bitterroot RiverKigure 9-1). For Sleeping Child Creek, simulated stream flows also
generallyincrease downstrearkigure 9-2). Simulated stream flows in Willow Creek vary
along the creek, a result of the interaction with the crossing cangis€ 9-3). The October

2007 field data flows are much lower than the July flows but were used as acgefpomnt for

the generaiagnitude of flows in the creek.

9.2 Water Temperature

The model resultef water temperature for the tributariesrevsimilar to the August 20dield
data(used for comparison, not calibration since the modeled date is ALgus992) Thefield
data includedhourly minimum, average, and maximum valugdfie model @erages are similar
to the field dataThe model range for minimum and maximtemperaturefor Miller Creek is
within a few degrees of the fietthta(Figure 9-4). The model range for minimum and
maximumtemperaturefor Sleeping Child Creek igreater thathefield databy a few degrees
(Figure 9-5). The model range for minimum and maximtemperaturefor Willow Creek is
similar to the field dataHigure 9-6). The minimum, average, and maximum values from the
hourly data for the monitoring seas@duly through Novembgare shown for reference.

Flows

12

——8/15/1992

¢ 7/12/2007 Field Date
= 10/10/2007 Field Dat /\

=
o

[ee]

»

Flow (cfs)

N

N

20 15 10 5 0
River Station (mile)

Figure 9-1. Miller Creek simulated flow (lines) and data (diamonds andsquares)
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Figure 9-2. Sleeping Child Creek simulated flow(lines) and data (diamonds andsquares)
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Figure 9-3. Willow Creek simulated flow (lines) and data (diamonds andsquares)
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Figure 9-4. Miller Creek simulated water temperatures(lines) and data (diamonds and
squares)
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Figure 9-5. Sleeping Child Creek simulated water temperatureflines) and data (diamonds
and squares)
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Figure 9-6. Willow Creek simulated water temperatures(lines) and data (diamonds and

squares)

In Figures 94 through9-6, DE QO s 2 0 0 ihg data ad stowmformefeterce. The
markersare heaverage of the hourly August 2007 data, with the minimum and maximum values
for August 2007 shown as error barbe expected water temperature should be similar since
flows were low in August for both 1992 and 2007. (For comparison, the Bitterroot River at
Missoula gage mean monthly flow for August 1992 was 623 cfs and for August 2007 was
498cfs. The mean annual fidfor 1992 was 1,366 cfs and for 2007 was 1,934 cfs.)
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10.0 SCENARIO ANALYSIS

Various scenarios/ere developed to evaluate tivater temperatureesponse of thBitterroot
Riverand three tributaries. These scenarios provide watershed managers infofonation
recommendations for meeting water quality criteria in the riMeedifferentscenariosvere
simulatedto represent a range of potential watershed management actvarsus human
influenced factors that can affect the water temperature incegitation loss from the riparian
corridor, alteration of channel morphometry, and irrigation withdrawals.

Scenarios may be simulated to assess the potential for improving water temperature conditions in
the study aredncreased shading from vegetatiomultbbe accomplished with projects that

improve the riparian vegetation in reaches currently with little or sparse vegeGitanges in
consumptive water usmuldinclude both increases and decreases in water demands. Increases

in waterdemand could ocair with continued development in the valley. Decreasegater
demandcould be accomplished througitreasd water use efficiencor the purchaser leasing

of water rights.

Changes inltannel geomorpholodgyave the potential to influence water tempanes, but were

not consideredBitterroot River width to depth ratios are likely neagithpotential for such a
braidedriver channel. The risk and cost of trying to reduce width to depth ratios for the
Bitterroot River outweighs the potential for redugtemperaturefased on the findings in
Headwater Bitterroot TMDL that localized site specific streambank instability due to alterations
is the main impact, channel geomorphology was not explicitly modeleddaributariesDEQ,
2005bandUSFS, 200%

Seven senarios are considered to evaluate potential water temperature changes in the Bitterroot
River (Table 10-1). Similar scenarios were developed for evaluating potential water
temperatures in Miller Creek, Sleeping Child Creek, and Willow Creek.

1. Theshade scenario uses reference conditions for all reaches where the existing
vegetation densifyunless impacted by fires less than in the existing conditions
model. The reference condition is based on existing reaches with high quality riparian
vegetation where reasonable land, soil and water conservation practices are in place.

2. Theheadwater anttibutary influence sceario uses the existing conditions model with
the headwater arall the tributaryneanwatertemperature values reduced B¥ for
the Bitterroot River(Thetemperatureange was unchangethe headwater was not
changed for the tributary modél# reducton of I°F is based on expected feasible
reductions and modeling results in the Headwater Bitterroot TMDL (DEQ, 2005b).

3. The flow scenarios vary the water use diversion flows by decreasingediflevis by
15, 20, 25, and 10percent over existing conditien(The 106ercent decrease
scenario sets all diversions to zero.) Decreased water use is based on the premise that
reasonable irrigation water savings practices can achieve a certain reduction in water
use. This results in four stdzenarios for flow.

4. The wastewater treatment plant/facility (WWTP) scenarios vary the amount of flow
discharged. The flow from each of the four individual dischargers (Darby, Hamilton,
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Stevensville, and Lolo) is set to zero. Additionally the flow from all the dischargers is
setto zero and doubled. This results in six-sa@knarios for WWTPs.

5. The stream channel dimensions scenario was not simulated given the challenges in
trying to change river channel morphology, as well as the appropriateraasswdrall
restoration approagclas previously discussed.

6. The natural condition scenario combines the changes included in the lstadigater
andtributary, flow, and WWTP scenarios. Water use and WWTP flows were set to
zero. Although this scenario is not economically viable, the alatondition scenario
provides an indication of current departure from pristine conditions.

7. The naturally occurring scenario combines the changes included shtuks,
headwater anttibutary,and flow 20 percent decreaseenariosA flow decrease of
20-percent was deemed reasonable and achievable and as wells as protective of water
temperatures based on the flow scenarios. The existing WWTP flows were used due to
the low flow rates and localized influences based on the WWTP scemafoQ 6 s
interpretaton of all reasonable land, soil, and water conservation measures resulted in
this selection of inputs for the na&lly occurring scenario.

Since the upstream watershed conditions are relatively undistamioilde reservoir operations
are accepted by DE@hus DEQ hasategorizedhe reservoiras part of the natural conditipn
the upstream boundary conditionere not modified except for the water temperature in the
headwater and tributary, natural condition, and naturally occurring scenarios balsed on t
material presented in the Headwater Bitterroot TMDL (DEQ, 2005b).

The Shade and @K models were modified to represent scenddogomparison to the

existing conditionsWhile the model provides the ability to report temperatures to the hundredth
decimal, there is inherent uncertainty in the data used to construct the model, the model itself,
and the ability to measure temperatures in the field to such accuracy. The model results provide
the relative magnitudef @otential management options.

For the Bitterroot River the results wersegmented intthethree TMDL reaches. These three
reachesnclude:
e Upper Reach From confluence of East and West Forks near Conner, MT to Skalkaho
Creek near Grantsdale, MT
e Middle Reach From Skalkaho Creek near @Gtadale, MT to Eightmile Creek near
Florence, MT
e Lower Reach From Eightmile Creek near Florence, MT to the mouth with the Clark
Fork River near Missoula, MT

For the tributaries, Miller Creek, Sleeping Child Creek, and Willow Creek, the results were not
segmented and were examined for the entire reach modeled.
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Table 10-1. Model scenarios and summary of inputs
Location/Scenario \ Inputs

Bitterroot River

Calibration/Existing Condition Field data, as previously discussed

Shade Change riparian values teference values unless existing
conditions value is greater

Headwater andributary Reduce the water terapature othe headwater arall

(1°F reduction) tributaries by IF

Flow Decrease water use withdrawals by 15, 20, 25, angé@ent

(four subscenarios) (i.e., set all use to zero)

WWTP Set the four individual dischargers to zero, set all discharg

(six subscenarios) to zero, double the flow from all dischargers

Stream Channel Dimensions Not simulated.

Natural Condition Combine Shaddjeadwater andributary, Flow (zero use),

andWWTP (zero discharge)
Naturally Occurring Combine Shaddjeadwater andributary,andFlow (20
percent)

Miller Creek

Existing Conditions Field data, as previously discussed

Shade Change riparian values teference values unless existing
conditions value is greater

Sleeping Child Creek

Existing Conditions Field data, as previously discussed

Shade Change riparian values to reference values unless exist

conditions value is greater fire conditions exist

Willow Creek

Existing Conditions Use nonreference conditions

Shade Change riparian values to reference values unless exist
conditions value is greater

Natural Condition Combine Shade, Headwater and Tributary and Flow

10.1 Existing Conditions

The calibration/existing conditions models serve as the baseline model simulation for which to
construct the other scenarios and compare the results agaibkt {0-1). This model represents
low flow conditions with average Augticloud cover and is based on available dagute 5-

2). The construction and inputs to the model have been discussed previously.

The changes to the calibration/existing conditions model for each of the scenarios is summarized

in Table 101 and discussd for each of the scenarios. This process isolates individual factors for
evaluation of its relative impact on water temperatures.
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10.2 Shade Scenario

The shade scenario uses the existing conditions models of the Bitterroot River, Miller Creek,
Sleeping Child Creek, and Willow Creek with increase shading. For the shade scenario, the
riparian shade parameters, (e.g. vegetation height, density, and overhang), were changed to
reference values. In other words, for existing conditions parametethdesthe reference

condition, the parameters were changed to the reference condition. The reference parameters
(vegetation height, density, and overhang) were developed for mountain and valley reaches. The
2006 field data were summarized by reference amereference reache3dble 102). The
classification was based on a visual assessment of the aerial photos including an examination of
the riparian area, land use impacts, and stream meanders, along with the 2006 field data.
Additionally, onthe-ground krowledge about the study streams along with best professional
judgment was used for the final reference or-reference categorization.

Table 10-2. Riparian land cover types and associated attributes for reference and nen
reference conditions
Location Height Density Overhang
(m) (%) (m)
Bitterroot River Valley NorReference Shade 21.1 0.3 0.0
Bitterroot River Valley Reference Shade 22.6 0.4 0.0
Miller Creek Valley NorReference Shade 13.6 0.0 0.1
Miller Creek Valley Reference Shade 13.7 0.5 0.1
Miller Creek Mountain NorReference Shade 14.1 0.2 0.2
Miller Creek Mountain Reference Shade 20.4 0.6 0.5
Sleeping Child Creek Valley NeReference Shade 23.5 0.3 0.0
Sleeping Child Creek Valley Reference Shade 23.8 0.5 0.1
Sleeping Child Creekountain NonReference Shad¢ Insufficient data, 1 noneference reach
Sleeping Child Creek Mountain Reference Shade 15.0 0.4 0.2
Sleeping Child Creek Mountain Fire Reference Shg 22.5 0.2 0.1
Willow Creek Valley NorReference Shade 13.4 0.0 0.1
Willow Creek Valley Reference Shade 23.8 0.5 0.1
Willow Creek Mountain NorReference Shade 15.0 0.4 0.2
Willow Creek Mountain Reference Shade 15.0 0.4 0.2

For the Bitterroot River, there are only valley reaches. Approximately 70 percent of the reach is
at orabove the reference condition. The reference shade resutt$noreasef about 1.5

percent to the average percent of daylight solar radiahadedrom topography and vegetation
(Figure 10-1). For the Bitterroot River, water temperatures for the&slsgzenario are essentially

the same as the existing conditions due to combination of the size of the river and the relatively
intact shade producing vegetatidhgure 10-2).
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Figure 10-2. Bitterroot River simulated water temperatures for existing conditions and
shade scenario

For Miller Creek, there are mountain and valley reaches. The valley portion of this stream runs
from the confluence with the Bitterroot Riverriver mile 6.5 and mountain conditions are to the
headwaters. There was insufficient data to develop a reference valley reach for Miller Creek, so
the reference valley data from Sleeping Child Creek are used. Approximately 72 percent of the
reach is bew the reference conditions. The reference shade resatismereasef about 22.5
percent to the average percent of daylight solar radiatiadedrom topography and vegetation
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(Figure 10-3). For the Miller Creek, water temperatures for the shadeasiceare 2 to 6F
cooler than the existing conditiorSigure 10-4).
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Figure 10-3. Miller Creek existing conditions and shade scenario effective shade
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Figure 10-4. Miller Creek simulated water temperatures for existing conditions and shade

scenario

For Sleeping Child Creek, there are mountain and valley reaches. Additionally, there is a
mountain fire disturbed reach. The valley is from the confluence with the Bitterroot River to
river mile 3.2, the mountain conditions extend to river mile 9.6fitaeonditions extend to
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river mile 19.4, and mountain conditions extend to the headwafgpsoximately 73 percent of

the reach is below the reference conditidxgproximately 54 percent of the reach is below the
reference conditiomwhenexcluding the area with fire conditionBhe fire conditions were

treated as a natural occurrence and the vegetation was not changed to reference shade conditions.
The reference shade results miacreaseof about 26 percent to the average percent ayleght

solar radiatiorshadedrom topography and vegetatioRigure 10-5). For the Sleeping Child

Creek, water temperatures for the shade scenario are@b%utooler than the existing

conditions Figure 10-6).
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Figure 10-5. Sleeping Child Creek exsting conditions and shade scenario effective shade
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Figure 10-6. Sleeping Child Creek simulated water temperatures for existing conditions
and shade scenario

For Willow Creek, there are mountain and valley reaches. The valley is from the confludnce wit
the Bitterroot River to river mile 4.0 and mountain conditions extend to the headwaters.
However, no field data were collected for this tribut&#thout data, th@verage reference

shade for thenountain and valley szhedrom Miller Creek andSleepirg Child Creek were

used for Willow Creekmountain and valley reachd&$e reference shade results miacrease

of about8.9 percent to the average percent of daylight solar radiatiadedrom topography

and vegetationHigure 10-7). For the Willow Ceek, water temperatures ftvetshade scenario

are about % cooler than the existing conditiorfSgure 10-8).
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Figure 10-7. Willow Creek existing conditions and shade scenario effective shade
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Figure 10-8. Willow Creek simulated water temperatures for existing conditions and shade
scenario

The maximum change in the maximum daily water temperature is representative of the worst
case conditionsliable 10-3). The locations where the difference in water terajpee is greater
than 0.5F between the existing conditions and shade scenario are summaebée{0-4). The
results are also shown by reach on the map of the stré&agsg 10-9).
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Table 10-3. Tabular results of differences in water temperatures for gisting conditions and
shade scenario

River/Creek Ma>§imum Change inMaximum . Loca_tion '
Daily Water Temperature (°F) River Station (mile)

Bitterroot River Upper Reach -0.11 63 to 67
Bitterroot River Middle Reach -0.03 28 to 33
Bitterroot River Lower Reach -0.07 71012
Miller Creek -758 010 0.5
Sleeping Child Creek -1.038 18510 20
Willow Creek -2.45 Oto1l

Table 104. Water temperature (daily maximum and mearn) comparison,existing
conditions and shade scenario

Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach No n/a
Bitterroot River Lower Reach No n/a
Miller Creek Yes 0to 135
Sleeping Child Creek Yes O0to3and 155t0 21
Willow Creek Yes 0to 15

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach No n/a
Bitterroot River Lower Reach No n/a
Miller Creek Yes 0to 135
Sleeping Child Creek No n/a
Willow Creek Yes Otol.5andl to7
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Figure 10-9. Water temperature (maximum and mean) comparison, existing conditions and
shade scenario
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10.3 Headwater andTributary Water Temperature Reduction Scenario

Theheadwater anttibutary water temperatures were reduced %yid the existing conditions
model of the Bitterroot RiveiThe water temperaturange was unchanged. A reduction & is
based on expected feasible reductions and modeling results in thed#=aBitterroot TMDL

(DEQ, 2005b)This scenario was not performed for Miller Creek, Sleeping Child Creek, and
Willow Creek since there is no basis for reducing the headwater and there are no tributaries in

these models.

For the Bitterroot River, wateemperatures for theeadwater anttibutary water temperature
reduction scenario are about @%owerthanthe existing conditionsHjgure 10-10). The

maximum change in the maximum daily water temperature is representative of the worst case
conditions Table 10:5). The locations where the difference in water temperature is greater than
0.5°F between the existing conditions amehdwater anttibutary water temperature reduction
scenario are summarizetlable 10-6). The results of the comparison are alsovain by reach on

the map of the streamBigure 10-14).
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Figure 10-10. Bitterroot River simulated water temperatures for existing conditions and
headwater andtributary water temperature reduction scenario

Table 10-5. Tabular results of differences in waer temperatures for existing conditiors and
headwater and tributary water temperature reduction scenario
River/Creek Magimum Change inMaximum _ Loca_tion _
Daily Water Temperature (°F) River Station (mile)
Bitterroot River Upper Reach -1.00 82 to 84
Bitterroot River Middle Reach -0.67 51.51t0 53
Bitterroot River Lower Reach -0.39 18 to 21.5
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Table 10-6. Water temperature (daily maximum and mear) comparison,existing
conditions and headwater and tributary water temperature reduction scenario
Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach Yes 60.5 to 84
Bitterroot River Middle Reach Yes 39.51t0 41 and 50 to 60.5
Bitterroot River Lower Reach No n/a

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach Yes 60.5 to 84
Bitterroot River Middle Reach Yes 39.51t0 41 and 50 to 60.5
Bitterroot River Lower Reach No n/a
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Figure 10-11. Water tempertu (maximum and mea
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10.4 Flow Scenarios

Theflow scenariogonsist of multiplesimulations with decreases in water usthmexisting
conditionsmodel of the Bitterroot RiveiThe Miller Creek, Sleeping Child Creek, and Willow

Creek existing conditions models do not have any water use included that reduces the streamflow
and do not have separate scenario simulatibims smulations consist of deeasing water use

by 15, 20, 5, and 10(ercentrom the Bitterroot RiverKigure 10-12). While not feasible due

to water rights and other issues, the 100 percent decrease scenario indicates the maximum
possible achievable change in water temperaturesdhamges in water use. Decreases in water

use of 15 to 25 percent may be feasible with changes in irrigation practices.

For the Bitterroot River, water temperatures for the flow scenarios result in incremental
decreases in water temperature, especialiiyggrmiddle reachRigure 10-13, Figure 10-14,
Figure 10-15, andFigure 10-16). The maximum change in the maximum daily water
temperature is representative of the worst case condifiade( 10-7). The locations where the
difference in water temperature greater than 0°6 between the existing conditions and flow
scenarios are summarized for each of the four scendiatde( 10-8, Table 109, Table 1010,
andTable 10-11). The results of the comparison are also shown by reach on the map of the
streamsFigure 10-17 and Figure 10-18).
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Figure 10-12. Bitterroot River flows for flow scenarios, 15, 20, 25 and 1000 decreases in
water use
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Figure 10-13. Bitterroot River simulated water temperatures for existing conditions and
flow scenarios, 15 percent deease in water use
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Figure 10-14. Bitterroot River simulated water temperatures for existing conditions and
flow scenarios, 20 percent decrease in water use
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Figure 10-15. Bitterroot River simulated water temperatures for existing conditions and
flow scenarios, 25 percent decrease in water use
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Figure 10-16. Bitterroot River simulated water temperatures for existing conditions and
flow scenarios, 100 percent decrease in water use
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Table 10-7. Tabular results of differences in water temperatures for ebsting conditions and
flow scenarics

River/Creek Ma>§imum Change inMaximum . Loca_tion '
Daily Water Temperature (°F) River Station (mile)

Scenario: Flow 15 percent decrease in water use

Bitterroot River Upper Reach -0.15 60 to 61

Bitterroot River MiddleReach -0.91 445t047.5

Bitterroot River Lower Reach -0.35 10to 12
Scenario: Flow 20 percent decrease in water use

Bitterroot River Upper Reach -0.19 60 to 62

Bitterroot River Middle Reach -1.14 45 to 46

Bitterroot River Lower Reach -0.46 10to 12
Scenario: Flow 25 percent decrease in water use

Bitterroot River Upper Reach -0.24 60 to 61

Bitterroot River Middle Reach -1.35 45 to 46

Bitterroot River Lower Reach -0.56 10to 11.5
Scenario: Flow 100 percent decrease in water use

Bitterroot RiverUpper Reach -0.77 60 to 61

Bitterroot River Middle Reach -2.96 44.5 to 46

Bitterroot River Lower Reach -1.73 5t07

Table 10-8. Water temperature (daily maximum and mean) comparison,existing
conditions and flow scenarios15 percent decrease iwater use

Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach Yes 41 to 49.5
Bitterroot River Lower Reach No n/a

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach No n/a
Bitterroot River Lower Reach No n/a
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Table 10-9. Water temperature (daily maximum and mear) comparison,existing
conditions and flow scenarios, 2@ercent decrease irwater use

Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach Yes 37 t0 50.5
BitterrootRiver Lower Reach No n/a

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach No n/a
Bitterroot River Lower Reach No n/a

Table 10-10. Water temperature (daily maximum and mear) comparison,existing
conditions and flow scenarios, 2 percent decrease invater use

Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach Yes 9.5t0 10.5
Bitterroot River Middle Reach Yes 23.5t0 28.5 and 36.5 to 54.5
Bitterroot River Lower Reach No n/a

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot RiverMiddle Reach No n/a
Bitterroot River Lower Reach No n/a

Table 10-11. Water temperature (daily maximum and mear) comparison,existing
conditions and flow scenarios100 percent decrease irwater use

Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach Yes 60 to 63
Bitterroot River Middle Reach Yes 21.5t0 60
Bitterroot River Lower Reach Yes 0to 215

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach Yes 21.5to0 28.5 and 35.5 &6.5
Bitterroot River Lower Reach Yes 0to 215
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Figure 10-17. Water temperature (maximum) comparison, existing conditions and flow
scenarios
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10.5 Wastewater Treatment Plant/Facility Scenarios

TheWWTP scenariosonsist of multiplesimulations with changes in the discharge rates from
thewastewater treatment facilitiestine existing conditions model of the Bitterroot RivEne

Miller Creek, Sleeping Child Creek, and Willow Creek existing conditions models do not have
any WWTPs and do not have separate scenario simulafibesmulations consist of setting

the four individual dischargers to zero (Darby, Hamilton, Stevensuville, and Lolo), setting all
dischargers to zero, and doubling the flow from all the dischargers to the Bitterroot River

For the Bitterroot River, water temperatufesthe WWTP scenarios are essentially the same as
the existing conditiongHjgure 10-19, Figure 10-20, Figure 10-21, Figure 10-22, Figure 10-23,

and Figure 10-24). The impacts are small from all facilities, with Hamilton being the greatest,
since it hastte greatest flow of the fouFhe maximum change in the maximum daily water
temperature is representative of the worst case condifiafe( 10-12). The locations where the
difference in water temperature is greater thafFOb&tween the existing conditis and WWTP
scenarios are summarizemaple 10-13).
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Figure 10-19. Bitterroot River simulated water temperatures for existing conditions and
WWTP scenarios, Darby flow set to zero
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Figure 10-20. Bitterroot River simulated water temperatures for existng conditions and
WWTP scenarios, Hamilton flow set to zero
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Figure 10-21. Bitterroot River simulated water temperatures for existing conditions and
WWTP scenarios, Stevensville flow set to zero
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Figure 10-22. Bitterroot River simulated water temperatures for existing conditions and
WWTP scenarios, Lolo flow set to zero
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Figure 10-23. Bitterroot River simulated water temperatures for existing conditions and
WWTP scenarios, all WWTP flow set to zero
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Figure 10-24. Bitterroot River simulated water temperatures for existing conditions and
WWTP scenarios, all WWTP flow doubled
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Table 10-12. Tabular results of differences in water temperatures for existing conditioa

and WWTP scenarics

River/Creek

Maximum Change inMaximum
Daily Water Temperature (°F)

Location
River Station (mile)

Darby flow set to zero

Bitterroot River Upper Reach 0 n/a
Bitterroot River Middle Reach 0 n/a
Bitterroot River Lower Reach 0 n/a
Hamilton flow set to zero
Bitterroot River Upper Reach 0 n/a
Bitterroot RiverMiddle Reach -0.02 56.5 to 58.5
Bitterroot River Lower Reach 0 Oto 16
Stevensville flow set to zero
Bitterroot River Upper Reach 0 n/a
Bitterroot River Middle Reach 0 n/a
Bitterroot River Lower Reach 0 n/a
Lolo flow set to zero
Bitterroot RiverUpper Reach 0 n/a
Bitterroot River Middle Reach 0 n/a
Bitterroot River Lower Reach 0 n/a
All WWTP flow set to zero
Bitterroot River Upper Reach 0 n/a
Bitterroot River Middle Reach -0.02 56.5to 58.5
Bitterroot River Lower Reach 0 Oto 16
All WWTP flow doubled

Bitterroot River Upper Reach 0 n/a
Bitterroot River Middle Reach +0.02 56.5 to 58.5
Bitterroot River Lower Reach 0 Oto 16

Table 10-13. Water temperature (daily maximum and mear) comparison,existing
conditions and WWTP scenatrios, all sibWWTP flow scenarios

Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach No n/a
Bitterroot River Lower Reach No n/a

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach No n/a
Bitterroot River Middle Reach No n/a
Bitterroot River Lower Reach No n/a
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10.6 Stream Channel Dimensions Scenario

Changes irstream channel dimensions were not deemed an appropriate restoration approach on
the Bitterroot River and were not simulated.

10.7 Natural Condition Scenario

The natural condition scenario combines many of the individual scer{drszussed in earlier
sections) and represents conditions without anthropogenic influence. Those specific to the
Bitterroot River include(1) shade improvement, (2) headwater and tributary water temperature
reductions of 9F, (3) flow reduction of 100 percent for water constwgptise, and (4) WWTPs
discharge set to zero for all four wastewater facilifiése ributary natural condition scenaii®

the same as trehadescenario foMiller Creek and Sleeping Child Creskce there are no
tributaries or WWTPs. FANillow Creek, the tributary natural condition includes the shade
scenario anthe removal of intermixing ddVillow Creekstream water with canalater.

Results suggest that for the Bitterroot River, natural water temperatures would be dlfotat 0.1
3.5°F cooler tharthe existing conditions, with the upper reach being the least affected and the
middle reach the mosFigure 10-25). ForWillow Creek water temperatures average abdét 1
to7.5°F coolerthan the existing condition&igure 10-26).

The maximum change ihé maximum daily water temperature is representative of the worst
case conditionsTigble 10-14). The locations where the difference in water temperature is greater
than 0.5F between the existing conditions and the natural condition scenario are summarized
(Table 10-15), indicating potential impairment. The results of the comparison are also shown by
reach on the map of the strearkgy(ire 10-27).
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Figure 10-25. Bitterroot River simulated water temperatures for existing conditions and
natural condition scenario
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Figure 10-26. Willow Creek simulated water temperatures for existing conditions and
natural condition scenario

Table 10-14. Tabular results of differences in water temperatures for existing conditios
and natural condition scenario

River/Creek Ma>§imum Change inMaximum _ Loca_tion _
Daily Water Temperature (°F) River Station (mile)
Bitterroot River Upper Reach -1.45 60.5 to 8.5
Bitterroot River Middle Reach -3.45 44.5t0 4.5
Bitterroot River Lower Reach -2.08 55t07
Willow Creek -7.34 4t04.5

Table 10-15. Water temperature (daily maximum and mear) comparison,existing
conditions and natural condition scenario

Maximum Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach Yes 60.5 to84
Bitterroot River Middle Reach Yes 21.5t0 60.5
Bitterroot River Lower Reach Yes Oto 21.5
Willow Creek Yes Oto 16

Mean Daily Water Temperature

River/Creek Difference >0.5°F Location River Station (mile)
Bitterroot River Upper Reach Yes 60.5to 84
Bitterroot River Middle Reach Yes 21.51t0 60.5
Bitterroot River Lower Reach Yes 0to21.5
Willow Creek Yes 0to9
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10.8 Naturally Occurring Scenario

The naturdly occurringscenario combines many of the individual scenario chaanyes

represents the implementation of all reasonable land and soil water conservation practices in the
watersheds. Specifically this includ€$) shade improvement, (2) headwater and tributary water
temperature reduction off, and (3) flow reduction of 20 percent for water use. In Miller,

Sleeping Child, and Willow creeks, naturally occurring scenarios are defined as the same as the
natural condion scenarios, and therefore are not repeated. The differences between the naturally
occurring and natural condition scenarios are flow and WWTPs and these are not present in the
three tributary models.

For the Bitterroot Rivenaturally occurring scemia, water temperatures would be aboufB.tb

1.5°F cooler than the existing conditions. The upper reach exhibited the least variability from the
baseline condition, with the middle reach showing the ntagtife 10-28). The maximum

change in the maximuuhaily water temperature is representative of the worst case conditions
and is indicative of impairmenTéble 10-16). Locations where the difference in water
temperature is greater than &%etween the existing conditions and the naturally occurring
scenario are summarized iféble 10-17). The results of the comparison are also shown by

reach on the map of the strearfgg(re 10-29).

Figure 10-28. Bitterroot River simulated water temperatures for existing conditions and
naturally occurring scenario
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