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1.0INTRODUCTION

Wise long term management of water resources ihakeer Ruby Valley requires an
understanding of how changes in land and watemilsaffect water supplies. Irrigation
currently supplies the majority of recharge to gnwater in the Lower Ruby Valley. Ruby
Valley groundwater contributes baseflow to streaspsings, and the Ruby River and as such
supports important fisheries, additional irrigaf@sd aquatic habitats. Discharge from the
valley groundwater system also supports a wideigpaelt in the Ruby Valley bottomlands
which is significant for its abundant wildlife améaterfowl.

The Ruby Valley Conservation District (RVCD) an@ tRuby Watershed Council (RWC)
recognize the value and importance of characteyjzinderstanding and developing a long term
plan that protects and maintains the quality arehtjty of the ground and surface water
resources of the Ruby Valley. The Lower Ruby alBroundwater Management Plan
(LRVGMP) (KirK Environmental, 2004) was created fbrs purpose. Volume | of the
management plan characterizes water resources imier Ruby Valley and makes
recommendations for management of water resoundelkime Il is a data report which presents
a large field measured database of stream flowesingiwater hydraulics, and irrigation
efficiency. The analysis in Volumes | and Il o0étbhRVGMP indicated a need to better
understand and quantify groundwater and surfacenuathe Lower Ruby Valley using state of
the art computer modeling tools. This report, Wwhintended to serve as Volume lll of the
LRVGMP, presents the results of this modeling. sThiodeling project was funded by a
Montana Department of Environmental Quality (DE@ndoint Source Program 319 Grant for
groundwater awarded to the RVCD. The RVCD congghetith Kirk Engineering & Natural
Resources, Inc. (formerly KirK Environmental) topide the modeling and reporting for this
project. Responsibilities of DEQ over the courkéhe project included coordination and
QA/QC of all project deliverables and final verditon and approval of all data and reports.

The Ruby Groundwater/Surface Water Interaction MiadeProject was undertaken with the
purpose of using the available water resource ctatacted for the LRVGMP to create a
computer model of the Ruby Valley groundwater systehich simulates surface water flow.
This model is intended to answer technical questand test assumptions regarding the water
balance for the Lower Ruby Valley that otherwise ot well understood. The model is also
intended to provide predictive insight into how Bgas in water management will potentially
affect flow in critical surface water features, B&s the Ruby River and larger tributaries. In
this, the model can be used by water resource neamagd water users alike to make informed,
science based decisions to develop long-rangegiestfor managing the water resources in the
Ruby Watershed. The model also provides an edwadtvenue which indicates the hydrologic
implications of land and water management changdealstrates how government agencies and
water users can utilize the information for plamnin Montana.

The purpose and objectives of this project canunensarized as follows:
1. Use the data in the LRVGMP to create a groundwhier model that will predict the
changes in water resources from water managemaethfioadion in the watershed.
2. Further the understanding of how water managenmethiei Ruby Valley affects the
groundwater system, regional groundwater dischang#ace water flows, and riparian
zones.
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3. Provide a comprehensive water balance.

4. Quantify irrigation groundwater return flows (sw#awater gains due to inefficient
irrigation practices) and evaluate how criticaliratflows are to surface water flows.

5. Simulate different conditions, scenarios and/oepti&l changes in water and land uses

(e.g., improved irrigation efficiency, new groundefadevelopment, changes in irrigation

water routing, increased growth, canal lining, )eticid predict the overall water resource

implications of these changes (including effectswface water and groundwater

interactions).

Develop a GIS database of modeled groundwater anfiace water features.

Provide an educational venue that will illustrdte hydrologic implications of changes in

land or water use and better describe to the ogiznd the Lower Ruby Valley, as well as

other locations in Montana, how resource managetsaater users can utilize this

information for development planning and water plsgning.

N

The Ruby Model is constructed to be capable ofri@ag the broad implications of large-scale
water management changes in the valley. The RW@,imput from other water users groups,
chose several possible future scenarios for pigdiatodeling in which water management
changes or new water use were incurred. The segrdsented in this report investigate how
changes in irrigation water use and efficiency a#i as the occurrence of increased groundwater
development would affect flows in the Ruby Rivedassociated sloughs on the Ruby River
floodplain.

Specific water management scenarios modeled are:

1. Major irrigation efficiency improvement: conversiohall current flood irrigated field to
center pivot combined with lining of the Vigiland@d West Bench Canals.

2. Major new groundwater development: An additiongbDd acre feet per year of
consumptive groundwater use from 9 large wellsi{e®ith 1,000 gallons per minute
flow).

3. Canal lining only.

4. Construction of recreational fish ponds: 70 pontgty evaporate the maximum volume
allowed by the Montana Department of Natural Resesiand Conservation (DNRC) for
new exempt groundwater use (10 acre feet per yedn) e

5. Large subdivision on former dry land agricultureda: 850 lots with % acre of lawn.

6. Large subdivision on former flood irrigated fiel@50 lots with % acre of lawn.

The resulting impacts to stream flow and groundwiateels are presented in context of how
irrigators, aquatic resources, and wetland habitish rely on groundwater for their water
supply could be affected.

This report is divided into the following sections:

2.0 Model Description:describes in detail the logic used in developnoétihe MODFLOW
computer model. This section is technical in detad is intended for persons interested in
model parameterization and execution. This se@iso presents an evaluation of model
calibration and uncertainty. Parameter and boyndaanges in the predictive simulations are
also described.
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3.0 Current Conditions and Predictive Simulations:describes the current water balance for
the Lower Ruby Valley derived from the model. Teestion also explores the results of running
the model for the six water management scenaibe effects of water management changes on
Ruby River flows are presented. This sectionss technical and is the place that people who
are not hydrogeology or model experts can readtaheuesults of the modeling project.

4.0 Modeling Application to other Watersheds:presents a “lessons learned” perspective on
how the modeling system could be applied to othentdna watersheds. This section describes
likely data needs and recommendations for additigriaundwater/surface water modeling
efforts in Montana.
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2.0MODEL DESCRIPTION

The numerical groundwater modeling used for thgggmt simulates groundwater flow and the
interaction between groundwater and streams, ria@d irrigation canals and ditches. The
model is developed using data which describes aqgéometry, hydraulic properties, water
levels, precipitation, irrigation return flow, lasdirface and streambed elevation, flows and
seepage from streams, ditches, and the Ruby RiM&s section describes the data used to
parameterize the model, model time discretizatatibration, validation, the current water
balance, and parameter sensitivity. Section 2striged the model as parameterized and
calibrated to the existing conditions data avaédbbm the period April 2002 to June 2003.
Section 2.2 describes calibration, validation, sedsitivity to parameterization of the current
conditions model. Section 2.3 describes prediatieelel runs.

Units of Measurement

Mixed units of measurement were used in model dgveént because existing data sources
available use both metric and English systemghigreport units of length are given in meter
(m), centimeter (cm), and feet (ft). Units of hadlic conductivity (K) are given in feet per day
(ft/d). Specific storage ¢pis given in units per meter (1/m). Volume of @fais given in acre
feet (acft). One dimensional flux of water suchrasfall and aerial recharge is given in inches
per year (in/yr) and millimeters per year (mm/yQtherwise, water flux is given in cubic meters
per year (mYyr), acre feet per year (acft/yr), gallons per mén(gpm), and cubic feet per second
(cfs).

2.1 Current Conditions Model Setup

2.1.1 Model Software

Visual MODFLOW Version 4.2 from Waterloo Hydrogegio, Inc. was used for all modeling.
MODFLOW (Harbaugh et al., 2000) is one of the nwistely used groundwater flow codes in
the world and has been in public use since 198& Sitreamflow-Routing Package (STR1)
provided for MODFLOW by USGS (Prudic, 1989) wasdisgth Visual MODFLOW to
simulate seepage and flow in all natural surfaceem@atures. There are many examples of
successful applications of MODFLOW similar to treedor this project. For example, Uthman
and Beck (1998) use MODFLOW to evaluate the padéntipacts of increased groundwater
withdrawals, drought, and irrigation efficiency dgas in the upper Beaverhead basin. McAda
and Barroll (2002) use MODFLOW to quantify grounderaand surface water interactions in
the Middle Rio Grande Basin of New Mexico. Prudic Herman (1996) use MODFLOW
combined with the STR1 package to simulate theceffef groundwater development in the
Paradise Valley of Nevada.

MODFLOW is highly adaptable to answering a varietgroundwater and surface water
problems. In addition to surface water flow gamalgsis performed during this project, the
calibrated/validated model is available to manad@réurther calibration, refinement, and use to
investigate solute transport using MODPATH particéeking package developed by USGS and
MT3D and RT3D solute and reactive solute transpackages developed by EPA.
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2.1.2 Model Domain, Aquifer Delineation, Grid Elevaion

The model grid includes 400 columns and 150 rowsgofire 100 x 100 meter cells. The grid
includes 3 layers. The active part of the model grshown in figure 2.1.2-1. In this figure, the
different colored cells represent different K zomethe various aquifers, the blue lines are
stream and river features simulated in which stréam s explicitly modeled, and the white
lines are the groundwater head equipotential serfath a 50 ft contour interval. The colored K
zones in the figure correspond to the K zones goders shown in figure 2.1.3-1 and 2.1.3-2
and described in further detail in the hydrauliogmrties section below.

The model domain includes only those aquifers enltbwer Ruby Valley basin-fill alluvium.
The GIS shapefile of the basin fill aquifer aquiferap_basinfill.shp was used to delineate the
active area of the MODFLOW grid. This shapefilesveaeated during the initial phase of the
LRVGMP and is based in part on the lithologic catgaf the USGS Dillon 1° x 2° geologic
map (Ruppel et al., 1993). Delineation of the bddli aquifer varies from these geologic
contacts based on information derived in volumaf the LRVGMP. Air photos were used to
correct many of the boundaries between differesirbfl aquifers where a higher resolution
was needed than the 1:250,000 USGS geologic ceraatide.

Ruby61 2zones
[Time(day): 695.8

Q

Figure 2.1.2-1: The Ruby Model looking up valley twards the southeast.

Where bedrock and alluvial geologic contacts méstgathe mountain front, the basin fill
aquifer is delineated so that it does not includethin veneer of alluvial material that often
exists. In this, the delineation of the basindlluvium is designed to include only those
sedimentary formations that are both deep enoudrspatially extensive so as to support an
aquifer. Exceptions to this are where the valleygm canals are situated on a thin veneer of
unconsolidated material on bedrock. It was necgdsdnclude these areas in the model to
simulate recharge from the canals in the modeluif&gboundaries were slightly adjusted
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during model calibration as discussed under theaut properties section below. The original
basin fill aquifer map and the final calibrated &nes for layer 1 are shown in figure 2.1.3-1.

The delineation of model layers and property zamidsin the aquifers is based on
hydrostratigraphic units, defined as geologic ugrtsuped on the basis of similar hydraulic
conductivity (Fetter, 1994). Layer 1 includes ghianary Quaternary and Tertiary alluvial
aquifers in the valley, which are generally uncoedfl to semi-confined. Layers 2 represents
deeper Tertiary basin fill sediments that have matgdy low K and in which a few of the deeper
wells in valley are completed. Layer 3 represéimesdeepest of the Tertiary sediments in which
no wells have been drilled and little direct inf@tion on hydraulic properties and lithology is
available.

USGS 30 meter resolution DEM data was used to mssegelevation of the ground surface in
Visual MODFLOW using an inverse distance weight&d/)) interpolation using default
settings.

The thickness of layer 1 (table 2.1.2-1) was assidwy interpolating a representative thickness
of each aquifer using IDW. Layer 1 aquifer delim@ais shown in figure 2.1.3-1. The IDW
interpolation creates a smoothed transition abthendary of thicker and thinner aquifers. Layer
1 aquifer thickness was determined by reviewind el lithology and well completion depths
for the Sheridan Fan and Alder aquifers. The tigds of the Sheridan Fan aquifer includes
surficial Quaternary alluvium and higher transmiggiTertiary sediments at relatively shallow
depths. The thickness of the Alder Gulch Floodp&uifer includes only the high K surficial
Quaternary sediments. The thickness of the In@iaek Landslide aquifer includes the
relatively low K Quaternary sediments and was adplisluring model calibration to account for
the deeper water table in this area compared teutreunding Sheridan Fan aquifer.

Layer 1

thickness
Aquifer name (m)
Alder 11
East Bench 200
Greenhorn Tertiary 200
oo™ 0
Mill Creek Tertiary 200
Ruby Floodplain 100
Sheridan Fan 30
Tobacco Root Fans 200
West Bench 200
Wet Georgia Tertiary 200

Table 2.1.2-1: Modeled aquifer thickness in layer.1

The deepest wells logged on the Ruby Floodplainf@gare in the 40 m depth range and do not
appear to intercept Tertiary sediments. Theretbtiee, 100 m thickness of the Ruby Floodplain
aquifer is estimated based on this minimum thickraesl may include Quaternary alluvium as
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well as underlying Tertiary sediments. All surficiTertiary aquifers and the West Bench Fan
aquifer in layer 1 were assigned a 200 m thickt@sgcommodate the deep water tables
present. The Tobacco Root Fan aquifer in exhiivflvolume Il of the LRVGMP is shown as a
Quaternary deposit. On further interpretation eflwogs for the Tobacco Root Fans aquifer it
was determined that the water bearing formatioasaried Tertiary deposits. These deposits
were assigned a thickness of 200 m in layer 1.

The bottom of layer 2 was set equal to 250 m beJosund surface throughout the model
domain. The bottom of layer 3 was set equal torfdfkelow ground surface. To provide a more
accurate 3-dimensional representation of the dkithe basin inversion gravity model of the
Lower Ruby Valley provided in volume Il of the LR\MB was used to contour depth to
bedrock. The depth to bedrock contours were useeggignate as inactive areas of layer 3
corresponding to bedrock.

2.1.3 Hydraulic Properties

Layer 1 is modeled as an unconfined aquifer. Legesind 3 are modeled as confined with
constant S and T. Final property zones are destiibthis section, while the calibration process
is described in section 2.2.

Initial estimates of hydraulic conductivity, K, wveeparameterized for the basin fill aquifers in
table 2.1.2-1 based on aquifer test results antighadl values presented in volume Il of the
LRVGMP. Final K values were determined during mazidibration.

Calibrated K zones in layer 1 are shown in figuk21. K zones in layer 2 are shown in figure
2.1.3-2. K (horizontal K) in layer 3 is 0.5 ft/d and, Kvertical K) is 0.05 ft/d across the model
domain. K is equal to k (horizontal K) in all layers. Kwas set to 1/10 of Kexcept in cases
where model calibration indicated a different aeadsonable vertical anisotropy.

Specific yield (§) was set at 0.25 across layer 1 of the model|ueewahich is representative of
gravelly sand according to tables in Fetter (199®)is value of His also a reasonable
approximation of other sedimentary lithologies luling silt and sandstone, present in the
surficial aquifers of the Ruby Valley (Morris anohhson, 1967). AnSalue of 3.28x18/m

was determined to be appropriate for the MODFLOWletlof the upper Beaverhead basin
based on aquifer testing (Uthman and Beck, 198R) S; data is available from direct testing of
the confined aquifers in the Lower Ruby Valley.eSific storage, Swas set at 3.28x1%0m for

all layers with the exception of the East Benchifeqin layer 1 which was set at 8.9x46n.

The values of Sused are within the range of suggested estimét&sm@mge coefficients
suggested in Driscoll (1986).
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Figure 2.1.3-1: Layer 1 aquifer delineation and hydaulic conductivities.
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Figure 2.1.3-2: Layer 2 hydraulic conductivities.
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2.1.4 Boundaries

Stress Periods and Time Steps

The model was originally run in steady state tineefmodel input parameters and boundaries
enough that the model would converge and to develogsin-wide head array for initial
conditions for the first transient model runs. Thedel was then run in transient mode for all
calibration, validation, and predictive simulatidoscapture seasonal boundary stresses.

The various boundary stresses to the modeled hgdlogic system in the Ruby Model
(recharge, ditch, stream and river flows, evapajpamation (ET), well pumping and injection,

and one constant head boundary) are assigneditmsatress periods. The stress periods were
assigned to approximate the variations in boundagss, such as stream flow, while also
keeping the number of stress periods reasonabletio with. This results in a compromise in
which gradual variations in boundary stress aresmpticitly modeled. For instance, stream

flow is modeled as punctuated, not an actual cantis daily hydrograph.

All model stress periods as well as those stres$ei®ed during each stress period are shown in
table 2.1.4-1. The transient model runs in a 4-geaulation. Periods of time longer than 4
years are simulated by multiple model runs. Thsgasnent of various stress types is described
further below. Values for all stresses used inntloelel are presented in the spreadsheet
stress_periods_and_boundary_conditions.xls whighagided in the CD appendix.

Ten time steps per stress period were assignedawithe step multiplier of 1.2. The time step
multiplier increases proportionally the length ath time step resulting in shorter model steps
during the beginning of a stress period, allowing itnhodel to better resolve the effects of the
changing boundary stress.

Initial Conditions

The model uses dynamic cyclic initial conditionsamdin the initial heads prior to each model
run are the result of the head distribution atethe of a preceding 4-year transient run. In
addition to the initial heads, the model cyclestigh a 2-year spinup period (stress periods 1
through 14 in table 2.1.4-1) at the beginning afreaodel run where in boundary stresses from
the calibration period are used. This spinup gkalktows the model to adjust for 2 years to
parameter or boundary changes prior to the moderdeng any calibration data. Where
boundary stresses or parameter changes are sagmig@oough that the model does not reach a
new dynamic equilibrium during the 2-year spinupiqe the model is run as many additional
times as necessary until dynamic water levels heaehed a new equilibrium.

Recharge

Aerial recharge is simulated in the model from @eprecipitation, irrigated field loss and from
mountain front recharge. Both aerial precipitatioiitration recharge and mountain front
recharge were determined from the study of diffuseintain recharge in the Tobacco Root
Mountains presented in Magruder (2006). The pamedntain climate and ecosystem modeling
in Magruder (2006) was used to develop the preatipit-soil water outflow curve shown in
figure 2.1.4-1. This soil water outflow curve wased to delineate spatially variable aerial
recharge from precipitation by using the PRISM atmuecipitation GIS coverage (Oregon
Climate Services, 1998).
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Stress Model
Period Start Date Day Stress Changes
1 4/5/00 0 | Creek, river flow, ET.
2 5/15/00 40 | Creek flow, ET, irrigation ditches and fields on.
3 6/2/00 58 | River flow, ET.
4 6/16/00 72 | River flow, ET.
5 7/7/00 93 | Creek flow, ET.
6 8/27/00 144 | Creek, river flow, ET.
7 10/15/00 193 Lr}?an Creek flow, ET, irrigation ditches and fields
8 4/5/2001 365 | Creek, river flow, ET.
9 5/15/2001 405 | Creek flow, ET, irrigation ditches and fields on.
10 6/2/2001 423 | River flow, ET.
11 6/16/2001 437 | River flow, ET.
12 7/7/2001 458 | Creek flow, ET.
13 8/27/2001 509 | Creek, river flow, ET.
14 10/15/2001 558 Ior]l?|an Creek flow, ET, irrigation ditches and fields
15 4/5/2002 730 | Creek, river flow, ET.
16 5/15/2002 770 | Creek flow, ET, irrigation ditches and fields on.
17 6/2/2002 788 | River flow, ET.
18 6/16/2002 802 | River flow, ET.
19 7/7/2002 823 | Creek flow, ET.
20 8/27/2002 874 | Creek, river flow, ET.
21 10/15/2002 923 g}](cﬁan Creek flow, ET, irrigation ditches and fields
22 4/5/2003 1095 | Creek, river flow, ET.
23 5/15/2003 1135 | Creek flow, ET, irrigation ditches and fields on.
24 6/2/2003 1153 | River flow, ET.
25 6/16/2003 1167 | River flow, ET.
26 7/7/2003 1188 | Creek flow, ET.
27 8/27/2003 1239 | Creek, river flow, ET.
o8 10/15/2003 1288 Ior]l?|an Creek flow, ET, irrigation ditches and fields
28 (end) 4/4/2004 1460 | Model end day.

Table 2.1.4-1: Model stress periods.

Irrigated field loss was modeled using NRCS (208&)m Irrigation Rating Index software to
calculate the average irrigation efficiency of Alm@soam, Crago gravelly loam, and Kalsted
sandy loam soil types in the Lower Ruby Valley (N\R@989). In this, the average efficiency
of each irrigation practice type for these thrempwmn soil types was used in determining
recharge rates. The modeled annual irrigationldgssrigation type is shown in table 2.1.4-2.
The irrigation map provided in volume | was usega&pameterize irrigation field loss recharge
in the model. The irrigation recharge parametéionaassumes that all areas under a given
irrigation type receive the same amount of wat@rgyear. It was not possible with the data
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available to identify field specific irrigation watapplication because it is dependent on the
seniority of water rights and daily stream flowerfal precipitation recharge was applied to
irrigated fields in addition to the modeled fietths. The combined aerial precipitation and
irrigation field loss in mm/yr is provided in thd$shapefile recharge_composite.shp.

200
:; 150 5.8117 /
(S y = 1E-06x™
£ R*=0.9607 A
g .
2 100
]
<
[S]
g
2 50|
Q
< *
0 T T T
10 15 20 25 30
Precipitation (in/yr)
¢ Outflow (mm/yr) —— Power (Outflow (mm/yr))
Figure 2.1.4-1: Precipitation — recharge relationsip.
Present irrigation practices field mapped spring 2003.
Average Annual Annual Annual
efficiency crop water irrigation irrigation Irrigation loss
Irrigation type  Acres (1) use (ft) (2) requirement (ft) loss (ft) volume (acft)
3 11,321 35% 2.2 6.2 4.0 45,624
611 57% 2.2 3.8 1.6 1,000
5,787 57% 2.2 3.8 1.6 9,473
6,721 68% 2.2 3.2 1.0 6,863
24,440 62,960

1 Irrigation efficiency calculated using NRCS Farm Irrigation Rating Index. Average efficiency for Amesha Loam, Crago Gravelly Loam,
Kalsted Sandy Loam
2 Assuming two irrigation applications, grass/alfalfa mix (50%/50%). Crop water use source: NRCS Farm Irrigation Rating Index.

3 Assuming 2000 ft unlined delivery system, contour ditch.

Table 2.1.4-2: Modeled irrigation efficiency and anual water loss.

Mountain front recharge for the Sheridan Fan aq@ifel Ramshorn Creek drainage is provided
in Magruder (2006). The magnitude of mountain fr@charge determined in that study for the
southwest portion of the Tobacco Root Mountainsoissistent with other published values for
similar geologic and climatic settings (i.e.: Fettal., 1966; Huntley, 1979; Manning et al.,
2005). To approximate mountain front rechargetierother areas of the Ruby Valley margin,
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the recharge determined for the Ramshorn Creekveais@&xpressed as a percentage of annual
precipitation and this recharge coefficient wasligopto the other mountain front areas
(Tobacco Root fans, Greenhorn and West Bench)actomplish this, the PRISM annual
precipitation map was divided into distinct areggresenting the Tobacco Root Fans, Alder
Gulch, Greenhorn Range, and West Bench. The apneeipitation flux over the mountain
areas above the Tobacco Root Fans, Greenhorn Ramdj®yest Bench was multiplied by the
recharge coefficient to arrive at the mountain fnr@charge rate. Mountain front recharge was
not applied to the Alder Gulch drainage becausedhainage constitutes a small fraction of the
margin of the Lower Ruby Valley and it was assurnied all recharge occurring in Alder Gulch
is expressed as either surface flow or focusedargehin Alder Gulch alluvium.

Mountain front recharge was further divided inttiudie recharge along the bedrock margin and
focused alluvial underflow recharge where signiftcaountain stream valleys enter the basin.
Alluvial underflow was estimated by Darcy flux calations for the stream valley alluvium
(table 2.1.4-3). Alluvial underflow in Californi@reek and Ramshorn Creek alluvium were
determined during model calibration, not by thedydtux method. Alluvial underflow in

Indian Creek is comparatively low because of thve koglacial till in the mouth of this canyon.
Alluvial underflow recharge to the basin aquiferssgamulated by injection wells in the cells
where mountain stream valleys enter the basin TiHe total alluvial underflow was subtracted
from the calculated mountain front recharge andé¢neaining diffuse mountain front recharge
was applied as an aerial recharge boundary to aelle valley margin layer 1. Diffuse recharge
rates for these cells are shown in table 2.1.44ese recharge rates range from approximately
0.07 to 0.17 cfs for each one hectare model cefigathe mountain front.

Alluvium

Alluvium depth Area Q
Tributary Name width (ft) * Gradient (f° (ft>* K (ft/d) °® (m°/d)
Alder Gulch 750 0.020 36 13,500 230° 1,732
Ramshorn Crk - - - - - 4400’
Ruby River 325 0.007 45 7,313 130° 178
Mill Crk 500 0.063 45 11,250 600 ° 12,112
Indian Crk 333 0.165 30 4,995 1° 23
Wisconsin Crk 225 0.079 30 3,375 600 ° 4,505
California Crk - - - - - 800’

Total

1- Airphoto used for measurement. Underflow 23,750
gl-olgzsumed groundwater gradient is equal to USGS DEM valley 5- Average of tested values (KirK Environmental, 2004).
3- Estimated from well logs proximal to the stream valleys. 6- Estimated from Driscoll (1986) figure 5.14.
4- Assuming triangular area = 1/2 width x depth. 7- Determined during model calibration.

Table 2.1.4-3: Alluvial underflow estimates.

One additional valley margin recharge source waeddluring model calibration. In this case,
it was determined to be necessary to included neddeligation loss on the East Bench to
correctly model heads and ditch gains in the Loy Valley (table 2.1.4-4). Irrigation return
flow from the irrigated fields on the East Bencljgaént to the Lower Ruby Valley watershed
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(shown in Exhibit 17 of volume Il of the LRVGMP) wapplied as aerial recharge at the valley
margin using irrigated field loss rates calculatethg NRCS Farm Irrigation Rating Index (table
2.1.4-2).

Recharge

Recharge Zone (mmlyr)
Tobacco Root Fans 13,100
Greenhorn Tertiary 8,800
Sheridan Fan 15,600
West Bench 6,300
East Bench (Iower)1 12,500
East Bench (upper)1 7,600
1- applied during irrigaiton season.

Table 2.1.4-4: Diffuse mountain front and East Bertirrigation return flow recharge rates
per cell.

Ditches

Ditch loss is a major source of recharge to alluatpuifers in the Lower Ruby Valley. Ditches
are simulated in the Ruby Model using MODFLOW'’s &iWackage (RVR). River boundaries
allow seepage to occur between the simulated ditchthe aquifer based on groundwater levels
and properties of the modeled ditch. Originallyditiches were modeled using RVR. However,
it was necessary to model several drain ditchesxshn table 2.1.4-6) using the Streamflow-
Routing Package (STR) as described below becauReh&iidles baseflow accretion in gaining
surface water features more realistically thanRN& Package.

No comprehensive data is available on ditch deptidths, or elevation and gradient. All
ditches were initially parameterized 1 m wide wathge equal to the ground surface, ditch bed
bottom equal to 0.75 m below ground surface, atehdied thickness equal to 0.25 m. Ditch
bed K was initially set at 1 ft/d and was adjusieding model calibration. Ditch width and bed
thickness were not adjusted during model calibratiecause varying K effectively changes the
conductance parameter resulting in the same solasachanging ditch width or bed thickness.
Final ditch K is shown in table 2.1.4-5. Severfahe larger ditches and the canals were
parameterized in several segments and are numbensdcutively in table 2.1.4-5 using
parentheses to differentiate them from ditches whn@snes include numbers.

During model calibration it was determined thatiegtditch stage equal to the ground surface
did not accurately simulate ditch seepage on tHeyRloodplain. Reasons for this may be due
to the fact that the average ground surface ispotated to each grid cell and small differences
in elevation between ditch stage and the shallotemtable present in the floodplain aquifer
leads to significant changes in ditch seepage.inQualibration it was found that assigning

these ditches by using a linear gradient betweerligvations of the ditch headgate and the tail
end of the ditch resulted in a more accurate remtesion of seepage. Ditch end point elevations
were derived from the USGS DEM. Ditches are ergjiee waterways which are designed to
gradually lose elevation over their course, whigpports their assignment using a linear
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elevation gradient. It was additionally necesdargdjust the elevation of the stage of the Lewis,
Sarge Hall, and Bullerdick Hyndman Moulton Ditchesnatch measured seepage.

Table 2.1.4-5: Ditch calibrated conductivity and edvations.

Final
ditch K

Ditch (ft/d) Notes
Ayotte Ditch 1.0 reassigned with linear gradient
Bob Peters Ditch 1.0 reassigned with linear gradient
Bradley Livestock Ditch 1.0
Bullerdick Hyndman Moulton Ditch 05 ;%a(\)svseiang(':i with linear gradient with endpoints 1.5m
Clark Sennett Ditch 1.0 reassigned with linear gradient
Combs Ditch Number 2 5.0 reassigned with linear gradient
Duncan Ditch 11.7 reassigned with linear gradient
Elser Tilton Ditch 1.0
“Hardy Marsh” unknown name ditch 3.0 assigned with width=0.5 m
Hermsmyer Raymond Ditch 1.0
Lewis Jenkins Ditch (1- floodplain) 15 reassigned with stage = GS-1.8m
Lewis Jenkins Ditch (2) 2.0 reassigned with linear gradient
Lueck Marsh Ditch 1.0
Marshall Ditch Number 3 1.0 reassigned with linear gradient
Mc Fadden Ditch 1.0 reassigned with linear gradient
Moran Paige Ditch 1.0 reassigned with linear gradient
Passamari Ditch (1) 1.0
Passamari Ditch (2) 1.0
Phillips Ditch 1.0 reassigned with linear gradient
Putnam Ditch 1.0 reassigned with linear gradient
Ruby Canyon Ditch 1.0
Ruby Valley Ditch (1) 1.0 reassigned with linear gradient
Ruby Valley Ditch (2) 1.0 reassigned with linear gradient
Sarge Hall Ditch 218 Esegtssigned with linear gradient, endpoints 1.1m below
Schoolhouse Ditch Number 1 1.0 reassigned with linear gradient
Seyler Tash Ditch 1.0 reassigned with linear gradient
Spring Ditch 1.0
Stanley Ditch (1) 0.5 reassigned with linear gradient
Stanley Ditch (2) 0.5 reassigned with linear gradient
Thompson Ditch 3.8 reassigned with linear gradient
Vigilante Canal (1) 11.9
Vigilante Canal (2) 0.0
Vigilante Canal (3) 7.3
Vigilante Canal (4) 1.0
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Final
ditch K
Ditch (ft/d) Notes
Vigilante Canal (5) 2.7
Vigilante Canal (6) 0.5
West Bench Canal (1) 8.8
West Bench Canal (2) 5.3
West Bench Canal (3) 5.3

Streams

All natural surface water features and several ggawater drains on the Ruby Floodplain were
simulated using MODFLOW'’s Streamflow-Routing Packd§TR). The STR package
simulates flow connectivity between STR reaches stream network as well as seepage
between surface water and groundwater. Wheretanpstreams enter the basin, the STR
segment is assigned a flow rate which can be véayestress period. Where springs serve as
tributaries to streams, springs are assigned afloevaate in the STR segment and are allowed
to accumulate flow based on groundwater levelsstrgm conductance. Modeling springs in
such a manner is particularly useful for calibrgtine model to measured spring flows.

STR is not capable of simulating braided streantaubige the model code does not handle
splitting flow between more than one receivingatnesegments. Near Alder, the Ruby River
braids into Clear Creek and Ruby River channetsliah Creek is also split into Left Fork and
Indian Creek by a permanent diversion. In thesimistances, the input flow into the upstream
STR segment was split between the two receivingisats according to available data as shown
in the spreadsheet stress_periods_and_boundarytiooadcls contained in the CD appendix.
Assigning the STR segments in this manner allowaugstream STR segment to exchange water
with the groundwater system but the resulting seféow is not delivered to the downstream
segment and the assumption is made that flows tiochamge appreciably between the start of
the upstream segment and the start of the braegdent. This assumption appears reasonable
for these two instances because flows do not afpdse change enough to significantly alter
stream-groundwater exchange.

The Ruby Model makes use of 4 or 5 stress perimdstfeamflow to generalize the seasonal
hydrograph for individual creeks and the Ruby RivEhe STR stress periods are designed to
capture spring runoff as well as typical baseflawing late summer through the winter. In
delineating the stress periods and inflow ratesSfbR features, from 2-14 stream gage
measurements per year were used to assign stmesd f\@w to mountain streams, whereas
continuous flow gaging was available from USGStf& Ruby River.

STR segment width was assigned based on streasrs®oson measurements where available.
Where cross-sections were not available, strearthwids estimated from airphotos or during
model calibration. Streambed bottom was assign#sl i below stream stage and a 0.25 m
streambed thickness was assigned in all caseslaBtmthe ditches, K values were adjusted
during calibration to compensate for the unknoweasthbed thickness or error in stream width
and length within a cell. Calibrated streambed shown in table 2.1.4-6. Stream stage was
assigned relative to the ground surface and wasstet] during model calibration to match
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measured seepage as well as to calibrate the hedudervation wells located near STR features
(STR features which are hydraulically connectedrtmundwater affect the local water table
elevation). Unlike some of the ditch featureshia model, streams were not assigned using a
linear elevation gradient. Unlike ditches, strearesnatural features which follow topography
which supports basing stream stage on the grourfigcguelevation.

Table 2.1.4-6: Streambed conductivity for STR featres.

Final Stream Final Stream
STR Segment K (ft/d) STR Segment K (ft/d)
Alder Gulch Tailings branch 1 Ramshorn Crk RV ditch to spring 1
Alder Gulch tailings branch 1 Ramshorn spring 1
confluence
Alder Gulch tailings branch mid 230 Ramshorn Crk tail of RV ditch 1
Alder Gulch tailings branch north 230 Ruby River Alder to Laurin 5
Alder Gulch tailings branch south 230 Ruby River below Seyler 15
Alder lower 1 Ruby River Coy Brown to Alder 5
Alder upper 23 Ruby River dam to Coy Brown 5
. Ruby River Harrington to Wheatley
Alder upper below Anderson drain 23 above Mill Crk 30
. Ruby River Harrington to Wheatley
Anderson drain 1 below Mill Crk 30
Bivens Crk 1 Ruby River Laurin to Silver Springs 5
Ruby River Laurin to Silver Springs
Cal Crk 04 below Alder Guich 5
Clear Creek 5 Ruby R|yer Laurin to Silver Springs 5
below Bivens Crk
: Ruby River Laurin to Silver Springs
Indian Crk fan 1 below Cal Crk 5
. Ruby River Laurin to Silver Springs
Indian Crk gage 1 below Clear Crk 5
Ruby River Laurin to Silver Springs
Jacob Slough above Seyler Ln 10 below Ramshorn Crk 20
Ruby River Silver Springs to
Jacob Slough below Seyler Ln 10 Harrington above Sand Crk 20
Ruby River Silver Springs to
Left Fork 2.2 Harrington below Sand Crk 20
Left Fork floodplain 10 Ruby River Wheatley to Seyler 20
above Leonard Slough
Leonard Slough above Left Fork Ruby River Wheatley to Seyler
. 20 15
above spring below Leonard Slough
Leonard Slough above Left Fork 20 Sand Creek above Silver Springs 4
below spring Rd
Leonard Slough below Left Fork Sand Creek above Silver Springs
. 20 4
below Wisc Rd 2
Leonard Slough spring 20 gzn:? Creek above Silver Springs 4
Leonard Sough below Left Fork Sand Creek below Silver Springs
. 20 4
above Wisc Rd
Mill Crk fan 0.2 Sand Creek springl 1
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Final Stream Final Stream

STR Segment K (ft/d) STR Segment K (ft/d)
Mill Crk floodplainl 20 Sand Creek spring2 1
Mill Crk floodplain2 15 Sand Creek spring3 1
Mill Crk floodplain3 20 Stinking Water Slough above 10

Seyler
Mill Crk floodplaind 20 Stinking Water Slough below 10

Seyler Ln
Mill Crk floodplain ditch to springl 10 Tash Drain main 20
Mill Crk floodplain springla 10 Tash Drain north 20
Mill Crk floodplain spring1b 10 Tash Drain south 20
Mill Crk floodplain spring2 10 Wet Georgia Creek 1
Mill Crk floodplain spring3 15 Williams Crk 5
Ramshorn Crk 0.4 Wisconsin Creek 0.25
Ramshorn Crk floodplain 1 Wisconsin Creek floodplain 1

Evapotranspiration

Subirrigation and ET from phreatophytes is simulatethe model using MODFLOW'’s
evapotranspiration package (EVT). The extinctieptt, set at 2.1 m, is the value used in the
DNRC MODFLOW model of the Upper Beaverhead Basith(bhn and Beck, 1998). The
maximum ET rate in the Ruby Model is based on nrealsmeteorology and modeled ET rates
for alfalfa at the U.S. Department of the Inte(0SDI) Bureau of Reclamation Agrimet Station
Ruby River Valley near Laurin, Montana from 200the ET boundary was placed throughout
layer 1 to simulate the common occurrence of sigiaition throughout the valley, as well as the
occurrence of riparian vegetation along streamsditieties. ET rates are variable according to
the stress periods defined for irrigation and stréaw.

Constant Head

Groundwater flow out of the Lower Ruby Valley irttee Beaverhead watershed is simulated
using a constant head boundary. The constantbhmatary was assigned in all model layers
across the lowest part of the Ruby Floodplain, \wi¢ad set at 2 m below ground surface during
all stress periods. Wells on the lower floodpla&ve water levels that are approximately 2 m
below ground surface and which vary on the ordet/00.5 m seasonally. These small seasonal
changes in water level result from the water téglieg locally controlled by the myriad of
surface water features connected to shallow groatetw The constant head boundary is also at
least 1 km down gradient from the nearest pamefmbodel where stream exchange flux or head
was evaluated. This distance should diminish tfeets of error in the constant head boundary
on model predictions. This assumption is suppartetat flux across the constant head
boundary varied by less than 0.1% between all atiaed predictive simulations.

Pumping Wells

Sheridan’s five municipal water supply wells wedgled to the model as pumping wells. DEQ
Standards for Waterworks require that municipalsveé tested at 1.5 times the design pump
capacity. Therefore, these wells were assignéabarkte of’/5 of the yield indicated in the well
logs for these wells. At the time of the curreomditions data set was collected only two
irrigation wells over 225 gpm were on record witNRC in the study area. However, no
accurate pumping use records were available f@etieells and they were not included in the
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current conditions model. Based on DNRC watertnighords, the permitted annual
appropriation from these two irrigation wells isiemted to be on the order of 1% of the total
groundwater system flux and it is anticipated theglecting these wells does not significantly
affect the evaluation of the current water balance.

Individual domestic and stock wells are not incldidethe model. It is assumed due to the rural
nature of development in the Ruby Valley that imdiinal wells have an insignificant effect on
the groundwater system. The potential impactafiestic well use can be evaluated using
Census data. The total population of all 2000 Gefocks that overlap with the area modeled,
exclusive of Sheridan and Twin Bridges municip&aaris approximately 1,150 persons, or 420
households at an average household size of 2.6rgerd\ccording to the same assumptions of
consumptive groundwater use described under thgbiree scenarios in section 2.3.1, 420
households each with % acre of lawn consume apmpaiely 830 acft of pumped groundwater
per year, or approximately 0.5% of the total modelenual flux through the basin groundwater
system. The total consumptive use from stock welilsore difficult to estimate, however the
combined effects of individual domestic and stoaklsvon the groundwater system are assumed
to be minimal. Additionally, the exclusion of intlual domestic and stock wells from the
model is not expected to affect the predictive bdjiiees of the model because the principle of
superposition applies (Reilly et al., 1987).

2.2 Model Calibration and Validation

The Ruby Model was calibrated to data availablbhenLRVGMP as well as well water level

data available from the Montana Bureau of Mines @edlogy Groundwater Information Center
(MBMG GWIC) database. The model calibration distos is divided here into several sections
to describe in an orderly fashion the steps andmalt used in developing the calibrated model.
Section 2.2.1 describes the data quality rankiregl s assign appropriate uses to calibration
data. Section 2.2.2 presents actual model caliloratethods and results. Section 2.2.3 presents
validation results using a split sample of thehraliion data. Section 2.2.4 presents the restilts o
a sensitivity test of model parameterization cormgamodel output with different parameter
arrays. Section 2.2.5 presents an evaluation dfeizalibration and uncertainty based on the
results of the calibration, validation, and semgititesting.

2.2.1 Data Quality Ranking

The calibration data was categorized by a datatguahking system developed for this project
to ensure a good match between data accuracysandgdt The ranking shown in table 2.2.1-1
makes use of a numeric ranking system used for lioedld and flux. A rank of 1 represents the
best data available, while 5 represents unusalée d&hile head data falls under one of two
ranks, the wider range of flux data sources aneéudainty requires the use of all 5 ranks.

Most head data (98% of water level measuremerits)rfder the highest data quality rank of 1
and is assumed accurate to the resolution of tie3Jdigital elevation model (DEM) used to
calculate water level elevation from the depth tiew measurement taken at a well. In general,
the DEM allows a more accurate determination ofaien in areas with lower topographic
relief such as the Ruby River floodplain; whilewaglgon is less accurate in steep areas near the
mountain fronts. This occurs because the spegldication is unknown within the area of an
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individual 30x30 meter DEM grid cell and a waterdemeasurement located within a 30x30 m
cell has a greater degree of uncertainty wheréaipegraphic gradient is steeper.

Rank Description Examples

Head data quality rankings:

Water level measurement
1- assumed accurate to the
resolution of the USGS DEM.

All LRVGMP and MBMG water level measurements that were
consistent with the conceptual model used for model development.

Several LRVGMP head data points (outliers) which were not able
5- Unusable water level data. to be simulated with the assumed conceptual model of the basin fill
aquifer system.

Flux data quality rankings:

1- All inflows/outflows measured

. Ditch flows, ditch walked and all diversions measured.
with current meter.

No control on inflows/outflows,
2- assume neglible affect on
seepage estimate.

Creek flows with measurements distanced many miles apart, no
diversions or water use noted.

No control on inflows/outflows;
3- unknown if they affect
seepage estimate.

Creek and slough flows. Creek or slough may have unknown
tributaries, diversions, or other water management.

Data of suspect quality, staff Staff gage readings on Ruby River. Uncertainty in stage-discharge
4- gage readings, qualitative use | unquantified, diversions between stage readings unknown but
only. assumed not to affect qualitative judgment.

Staff gage readings on Ruby River. Uncertainty in stage-discharge
unquantified, diversions between stage readings unknown and
resulting seepage does not agree with or between other
measurements.

5- Unusable data.

Table 2.2.1-1: Data quality ranking.

A group of 3 adjacent wells (GWIC #207967, 1084818282) near the base of the East Bench
along Ruby River Drive were determined to be unles@iank 5) because they consistently
showed field measured head to be far below thatib@el can produce (mean residual of 20.61
m for all field measurements in the calibrated nipd€he measured water levels in these 3
wells are below the stage of the Ruby River. TheyRRiver in this lower end of the valley is a
gaining stream and the minimum elevation of theswttble is effectively controlled by river
stage indicating that these wells are not complatednconfined aquifer (layer 1 of the Ruby
Model). The water levels in these wells may betiadied by a localized fault or bedrock
controlled flow system that the model was not desthto simulate.

One other well (GWIC #184479) at the top of a imlTertiary sediments north of Sheridan was
determined to be unusable. The mean head residtras well of 31.19 m for all observation
times indicates that measured water levels invilei were consistently below that simulated in
the calibrated model. The inability to calibratestwell appears to be a resolution issue wherein
fine-scale topography surrounding this well, whiehs lost when the DEM was interpolated into
the groundwater model, controls the water level.
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Flux data quality rankings of 1 and 2 allow forl fgiantitative use; while rankings of 3 and 4
are reserved for qualitative interpretation. Dafteanks 1 and 2 are tightly controlled synoptic
flow measurements where the data collector wastaliain access or otherwise observe water
use over entire stream or ditch reaches. Unceéytainreases under a data rank of 3 wherein the
data collector was not able to observe and measueatire stream or ditch synoptic reach and
instead an assumption is made that the affectalaiawn inflow, diversion, or other water
management is assumed to cause less than a 25&tialewn the calculated groundwater-
surface water exchange. Data of rank 4 shows ab\sans of large uncertainty. Flux data in a
ranking of 4 is limited to one synoptic flow on tReiby River in which staff gages and rating
tables were used wherein the staff gage readings ewgside of the usable range of the rating
curve. This uncertainty in the flux measurememiuoed because at the time the flow of the
Ruby River was far below any measured flow usedeteelop the gage rating. Numerous gage
readings on the Ruby River, Alder Gulch and theighs and drain ditches which cross Seyler
Lane fell under a rank of 5 and were not used fodeh calibration because there was no control
of inflows and outflows and the resulting groundsvagxchange was not able to be resolved.

2.2.2 Calibration Results and MODFLOW Water BalanceEvaluation

The model was calibrated to field data collectedfr2002-2003 presented in the LRVGMP.
Model calibration was achieved by traditional mdrazdibration methods of adjusting aquifer K
and S parameters, K zone distribution, stream, ditcld, @tharge boundaries, and model grid
geometry including layer thickness. Calibrationdived adjusting parameters to minimize error
in the difference between measured and simulatad &ed flux values. The model was also
calibrated graphically by comparison of modeledigoential contours with equipotential maps
from the LRVGMP. The modeled water balance waspamed to the water balance calculated
in Volume [, attachment 5 of the LRVGMP to proviae additional check of model
performance. Predetermined calibration targetstla@dalibration results are presented in this
section.

During model calibration, the automatic paramegtingation program WIinPEST was used to
attempt to provide automated calibration of modé&edlrhe WIinPEST effort was not successful
at calibrating the model for a number of reasofise high number of K zones with unknown
values proved difficult for WinPEST as run timesrgvong and model non-convergence often
resulted in WIinPEST needing to be started over widlifferent parameter range. Perhaps more
limiting, WIinPEST is only capable of adjusting fh@ameters within a previously assigned zone
and it was necessary during calibration to mantpwkazone boundaries and to create new K
zones to account for the spatial variability in faydic properties within individual aquifers.
Finally, running WinPEST with MODFLOW in transiemode proved problematic because the
model was not able to reach a new equilibrium duREST model runs causing WinPEST to
write the resulting calibration output for a givearameter distribution while the model was still
adjusting to the parameter change. This problemiddeave potentially been addressed by
programming the model to run for several decadésmger during each model run to develop
new equilibrium cyclic initial conditions. HowevyeNIinPEST runs were already requiring an
overnight period to run 4-year duration PEST simiokes and increasing the model duration
would have lead to excessively long run times.
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Results of the WInPEST runs were incorporated iomanual calibration process and were
used to determine the best estimate of K for séVemriary aquifers where no direct field data
were available. WIinPEST results were also usetbtermine best estimates of K, ratios
where WINnPEST indicated reasonable ratios othedéfiault 10:1 ratio used in model
development.

Head

To allow the model to be calibrated to seasonaémavels the water level database was
grouped into sets of basin-wide water level (heaaypling, each taken during a relatively short
time interval. This was necessary because netals could be measured on a single day. The
model requires that head residuals be computedjigea time-step. Conceptually, this use of
observation groups assumes that the water levéhéva group are representative of the basin-
wide head distribution at the end of a given tineps The head observation groupings and the
range of measurement dates included in each gmeughawn in table 2.2.2-1.

Date Range of Absolute
Measurements Normalized Residual Max Max
Model  in Observation n= (# RMS % Mean Residual Residual
Model Date Day Group observations) Error (m) (m) Well ID
Al NA NA 544 0.70% 1.62 1043 | 207954
Observations
5/15/02 770 5/4 - 5127 64 0.76% 1.87 7.57 108084
717102 823 7/6 - 7/10 65 0.73% 191 -5.92 107897
8/27/02 874 8/12 - 9/9 70 0.70% 1.67 6.48 108084
9/27/02 905 9/24 - 10/7 21 0.43% 0.84 -2.66 167612
2/1/03 1032 1/20 - 1/21 27 0.86% 2.09 7.22 164297
6/2/03 1153 5/31 - 6/7 65 0.85% 2.01 7.64 108084

Table 2.2.2-1: Final head calibration.

The target for head calibration was determinedhédroject Quality Assurance Project Plan
(QAPP) document to be +/-5% root mean square (R&MI®) for each modeled time period that
includes a basin-wide sampling of groundwater heatisad calibration for all sets of basin-
wide water level measurements are shown in taBl@-A..

As shown in the table, a total of 544 water levebsurements were used in model calibration.
The final head calibration for all observation tsr(ee: water level measurements) is 0.7%. The
final head RMS error is under 1% for all time pdddhat include a basin-wide sampling of
head, indicating the model does an excellent jamatlating basin-wide water levels during the
period of the calibration dataset.

Figure 2.2.2-1 below shows histograms of the heattluals (model calculated — field observed)
for all water level measurements. The histogranttfe entire 544 observation dataset indicates
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a normal distribution of model error. Histogrames also presented for the individual time
periods with basin-wide head sampling in the CDesyolix. The error distribution for time =
823 days (July 7, 2002) is biased slightly negatith a mean residual of -0.88 m. Other time
periods with basin-wide head sampling are nornmdiiyributed.

Figure 2.2.2-1: Head residual histogram and normadlistribution (all water level
measurements in meters).

Head residual maps for all observation group tistesvn in table 2.2.2-1 are provided in the
CD appendix. The resolution of the head residugbsrproduced by Visual MODFLOW is not
adequate for displaying within this report. Ingbgpeg maps all water level measurement points
are shown; blue (positive) and red (negative) tesglare only shown and labeled in meters for
those wells that are part of a given observatioe tyroup (Note, observation wells in these
maps that don’t have a label are not includedpargicular observation time group).
Unfortunately, the software will not prevent theedap of nearby labels. The residual map for
time = 823 days (July 7, 2002) shows that headlvess appear to be biased low on the central
part of the Sheridan fan. These negative residaralgpparent in the histogram for this time.
This negative bias is almost eliminated by time74 8ays (8/27/02) and is not apparent at other
observation group times. Significant effort was ipto improving the early summer 2002 head
calibration over the Sheridan fan; however improgets in the residuals at time = 823 days
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were offset by reduced calibration during otheresnand the resulting calibration is the best
achieved given the amount of time available foibeation.

Comparison of the head equipotential map preparethé LRVGMP prior to modeling with the
model equipotential surface shows that the twomg@ksurfaces compare very well (figure
2.2.2-2). There are several obvious errors irhtdred drawn equipotential lines from the
LRVGMP where data was sparse and contours wergéafenotably the West Bench of the
Ruby Range and the Tertiary hills near Wet Geo@yiek. In this comparison the model helps
to resolve a realistic flow field for areas wherater level measurements are not available.

Flux

Model flux calibration involved matching model resise to measured stream-groundwater
exchange of the Ruby River, exchange of creeksevingy cross large alluvial fans, spring flow
measurements where large springs feed sloughsdruhy floodplain and baseflow
measurements of all streams in the basin. The LRV @lso provides ditch seepage
measurements for 16% of the total miles of allltbcand canals in the valley and the model was
calibrated to these measurements. Flux calibrasiankey component of calibrating a
groundwater flow model because flux measuremermtgige a snapshot in time of the flux from
the groundwater system. Additionally, it is thexfwithin groundwater and connected surface
water features that is the focus this project.

The flux calibration targets developed for the pobjincorporate estimated streamflow
measurement error to express the measurementagea of possible flux values. By basing the
flux targets on measurement error in this maniercalibrated model simulates streamflow gain
and loss within the accuracy of the field measurgme&lux targets were agreed upon by the
Ruby Modeling Team after the QAPP was finalized.

Error in synoptic flow measurement is compoundezhhee the calculated synoptic gain or loss
is dependent on two flow measurements, each wibcasted error. USGS guidance on
determining error in streamflow measurements (SandrMeyer, 1992) was consulted to
develop the range of possible flux values for tgpgynoptic and spring flow measurements
taken for the LRVGMP. Based on these methodsasisnated that error in measurement of
natural streams ranged from about 6% to 23%. Asrdeed in the USGS guidance, the total
error or uncertainty is a function of error in widtlepth and velocity measurement, averaging of
velocity and depth, pulsating stream velocity, apstematic user introduced error. Itis
estimated by these same methods that error in measut of ditches in the Ruby is about 5%
given that these engineered channels allow fortgreantrol of all measurements and averaging
of velocity and depth generally gives a decent appration in a ditch. Calculations used for
estimating error are provided in the spreadshemt Fiheasurement_error.xlIs in the CD
appendix. Given the calculated measurement unegrta was assumed that typical stream
flow measurements were accurate to +/-10% whersttkam flow was fairly laminar and +/-
25% where the stream flow was turbulent due toddngulders in the streambed. Ditch flow
measurements were assumed accurate to +/-5%. \Wirealibration data had a rank of 3, the
measurement was assumed accurate to +/-25% asbeesender the data quality ranking
discussion.
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Figure 2.2.2-2: Comparison of modeled and field meared equipotential surface (May
2002).
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Table 2.2.2-2 presents modeled flux along withtéingets. In general, the ease with which flux
calibration was achieved for a given stream ordigature corresponded to higher data quality
rankings. Surface water features with more conteda were easier to calibrate. Surface water
features with data of questionable accuracy wenerdifficult to calibrate suggesting that the
assumptions made about the accuracy of flux measnts in data quality ranks 3 and 4 met
with varying success. This also suggests thatahking system was capable of classifying the
data into appropriate categories.

Shown in table 2.2.2-2, Sand Creek modeled streamfgll just below the qualitative targets
set. In the case of Sand Creek, it is unknowitéhdvater was being diverted into the creek or
if some other spring source existed than thoseizigi from airphotos (Sand Creek is artificially
channelized where it crosses the Bullerdick HyndiMaalton Ditch). In general, efforts to
bring Sand Creek into calibration had the negatitect of bringing other higher ranking flux
and head data out of calibration.

A winter flux into Wisconsin Creek was also noteatd meet the calibration target. While
attempting to calibrate the Wisconsin Creek fluzsatame apparent that the problem with
calibration is likely related to the temporal regan of the model. Model stress periods are
delineated to match seasonal streamflow changesemsibnal changes in irrigation water use.
There is one applied flow rate for streams in ti@yRmodel for the winter stress period which
runs from October T5at the assumed end of irrigation to Apfl & the beginning of spring
runoff. In the case of Wisconsin Creek, the appliew rate for winter 02-03 is 8.8 cfs which
was based on the baseflow measured in late sun®f@rahd baseflow measured the following
April. The measured flow of 4.3 cfs (table 2.2)2aPthe Wisconsin Creek gage on 12/20/02
when the synoptic flow was taken represents theosed baseflow low. The inability to

calibrate the flow results because in the modektie8.8 cfs available for stream loss on
12/20/02 where as in the field there was only 4s30€ water available for infiltration. During

the synoptic measurement the entire flow of Wisgof@seek was lost to infiltration. In the
model there is twice the flow available for lossiethtranslates into the model simulating
approximately twice as much seepage. The goasfaing a stream flow for the winter stress
period is to simulate the average response ovegritiee winter period, not the exact response on
12/20/02. The model is capable of simulating treasured flux if the assigned streamflow to
Wisconsin Creek in the model is reduced. Howedecyeasing Wisconsin Creek streamflow for
the entire stress period less accurately matcleebigfger picture of season-long stream loss and
the generalized streamflow of 8.8 cfs was usedherentire stress period.
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Table 2.2.2-2: Final flux calibration and targets.

Stream Final Calibrated Flux (all flow/seepage in cfs)
Estimated
Seepage
Flow at Data Range Model Estimated
Flow Reach  Observed  Quality (includes Calculated Measurement
Stream Name Date Start Seepage Rank error) Seepage Error
Left Fork below 10% due to natural
Wisc Crk Rd 4/5/03 2.7 -25 2 -2.2 to -2.8 -2.3 (s:gﬁgm:sg and flow
n Mill Crk below 10% due to natural
% HWY2878 12/21/02 5.7 -1.9 2 -1 to -2.9 -1.8 (s:gﬁgm:sg and flow
g ] 10% due to natural
o | Mill Crk gage 12/21/02 7.0 -1.3 2 0 to -2.6 -1.2 streambed and flow
o conditions.
= Wisc Crk below 10% due to natural
@ 12/20/02 1.1 -0.3 2 -0.1 to -0.5 -0.7 treambed and fl
S | HWY 287 conditions.
. 10% due to natural
Wisc Crk gage 12/20/02 4.3 -3.2 2 -2.6 to -3.7 -3.0 streambed and flow
conditions.
S |
10% due to natural
Cal Creek 12/22/02 14 0.0 1 -0.3 to 0.3 -0.1 streambed and flow
conditions.
Indian Creek 2;5% dli;e (tjo mgky
Streambed an
gage 4/5/03 2.6 0.1 2 -1.2 to 1.4 0.2 surging/cascading
flow.
25% due to lack of
Jacob Slough | 12/20/02 | 0.0 0.4 3 0.3 to 0.5 0.3 ol O s and
ice.
25% due to lack of
Leonard Slough | 4/19/03 1.3 15.7 3 11.1 to 20.2 14.6 control of
inflows/outflows.
i i 25% due to lack of
Mill Crk Middle /795 2.9 11.4 3 7.1 to 15.7 105 | controlof
" Rd to Morse inflows/outflows.
i i 25% due to lack of
£ | Mil CrkeMiddle | g1 402 | 18 27.9 3 20 to 35.7 204 | contolof
2 | Rdto Morse inflows/outflows.
[J) 0
o Ramshorn 25% due to lack of
4/6/03 2.3 6.1 3 3.5 to 88 6.7 trol of
? below HWY 287 ::n()f{l)\:\?s/guﬁlows.
c 10% due to natural
< | Ramshorn gage 4/6/03 2.1 0.2 2 -0.2 to 0.6 0.1 streambed and flow
O conditions.
RR Alder to Gaining Can't estimate error.
St t
Laurin 4/20/03 5.8 9.2 4 each 3.1 below discharge
curve range.
i 10% due to natural
RR Harrington | g53/06 | 122.3 23.0 1 -3.8 to 49.8 202 | streambed and flow
to Wheatley conditions.
10% due to natural
RR Wheatley to 9/24/06 179.5 1.9 1 -34.2 to 38 4.0 streambed and flow
Seyler conditions.
25% due to lack of
Sand Crk 4/6/03 0.0 5.1 3 3.8 to 6.4 3.3 control of
inflows/outflows.
inki 25% due to lack of
Stinking Water | 15,005 | 0.0 3.0 3 2.3 to 3.8 3.1 control of
Slough inflows/outflows.

| . Indicates model calculated seepage outside estimated range. |
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Losing Reaches

Gaining Reaches

Ditch Final Calibrated Flux

(all flow/seepage in cfs)

Estimated
Seepage
Flow at Data Range Model Estimated
Flow Reach  Observed Quality (includes Calculated Measurement
Ditch Name Date Start Seepage Rank error) Seepage Error
5% due to laminar
DU.ncan 7/31/03 17.3 2.4 1 -0.8to-4 -2.6 flow in an engineered
Allinson channel.
: 5% due to laminar
|£EWIS KennEdy 8/12/02 23.6 -1.0 1 1.3t0-3.3 -1.0 flﬁwin Tn engineered
channel.
5% due to laminar
ig;‘-’need'*;" 8/10/02 | 23.1 56 1 3610-7.6 5.2 | fowinan engnesred
channel.
5% due to laminar
Thompson 7/29/03 23.7 -3.1 1 -0.9t0-5.3 -2.8 flﬁw in elm engineered
channel.

) 5% due to laminar
X'r?(;'::]stgn otal | 74102 | 704 75 1 -0.81t0-14.2 71 flowin an engineered

channel.

5% due to laminar
Vigilante Buyan | 7/11/02 36.8 -2.2 1 1.4t0-5.8 -2.2 flgwin ?n engineered

channel.

TeT] 5% due to laminar
:Q?;:ame Todd 7/29/03 27.8 2.0 1 0.7to -4.6 -2.0 flﬁwin Tn engineered

channel.

i 5% due to laminar
Vlgllante Carey 9/14/02 6.1 -05 1 Oto-1.1 -0.5 flow in an engineered
Ln total channel.

iai - 5% due to laminar
Vigilante Wood 9/13/02 335 0.7 1 26to-4 -0.7 flow in an engineered
Elser total channel.

West E_>ench 5% due to laminar
synoptic 1&2 8/9/02 67.4 -8.0 1 -1.7t0-14.3 -7.3 flow in an engineered
total channel.

5% due to laminar
West Bench 8/0/02 | 395 3.7 1 0.1t0-7.5 3.7 | fowinan engincered
synoptic 3 total channel.

5% due to laminar
wﬁtgﬁgsh 9/13/02 | 14.2 1.9 1 0.610-3.2 1.9 fow i an enginered

channel.

- ]

Anderson . 5% due to laminar
Ranch Drain 9/28/02 6.9 1.3 1 0.5t02 1.4 flow in an engineered
total channel.
Bullerdick 5% due to laminar
Hydman 8/13/02 11.2 0.7 1 -0.5t0 1.9 0.7 flow in an engineered
Moulton total channel.

5% due to laminar
Lewis Morse 7/28/03 23.3 0.2 1 -2.2t0 2.5 0.2 flﬁw in elm engineered

channel.

5% due to laminar
a%rg‘z Hall 9/14/02 | 235 0.5 1 1.910 2.9 0.6 fowin an engineered

channel.

i 25% due to lack of
Tash Drain 4/19/03 | 0.0 45 3 341057 4.4 control of
Ditch inflows/outflows.
i 25% due to lack of

Tash Drain 1212000 1 9 6.4 3 48108 5.5 controlof
Ditch 2 inflows/outflows.

s 5% due to laminar
Vigilante Alder | /505 | 4g.4 0.9 1 4105.8 0.0 flow in an engineered
Gulch total channel.

9/30/2008

31



RVCD Groundwater Modeling Report

Model Water Balance

MODFLOW was used to produce the 2002-2003 water-y@der balance for the groundwater
system to compare to the water balance presentédlime |, attachment 5 of the LRVGMP.
The modeled current conditions water balance wagpoted using the MODFLOW mass
balance cumulative flux volume between model d2y &2 and 9/27/03 (based on the model
time-steps October 1 output is not available). @hginal water balance calculated for the
LRVGMP is based on the surface water balance dtleetavailability of total surface water
flows into and out of the valley measured during ¢burse of field work for volume I. The
MODFLOW water balance is groundwater flow based iastldes recharge to the groundwater
system, groundwater flux, and seepage to surfatersvas well as subirrigation ET. Because
the two water balances are based on different petisps, surface water versus groundwater
respectively, the total flow is not directly comable. However, the various components of the
water balances compared in table 2.2.2-3 helplidata that the annual recharge, ditch loss, and
net stream seepage in the groundwater model asenahle. In this comparison, the
MODFLOW water balance is considered more quantitaéind accurate. The water balance
from Volume | was based on the best available edémof fluxes at the time.

MODFLOW Volume | Calculations
Inflows: (acft) (acft) Notes:
Recharge Recharge Not calculated. Volume | calculations are
sl Py based on a surface water budget which does
(preC|p|'gat|on and 43,600 (preC|p|'gat|on and NC not include precipitation and mountain front
mountain-front) mountain-front) recharge inputs.

Recharge Rech (irrigati Modeled field loss is based on same estimates
S . echarge (irrigation as Volume I. Slight difference due to model
(irrigation field 64,400 field loss) 63,000 grid resolution and slight changes to irrigation

loss) boundary during model calibration.
Volume | estimate based on extrapolating
Net ditch loss 53,500 Ditch loss 38,000 | average measured ditch loss to unmeasured
reaches (~16% ditch miles measured).
Inflow from stream Inflow from stream
underflow 7,000 underflow (injection NC Not calculated
(injection wells) wells)
storage 0 storage NC Not calculated
Total net Total surface water
- 168,600 -~ | 179,000
groundwater In n
Outflows:

Volume | ET includes estimated crop ET and
ET 32,200 ET 60,000 | subirrigation, model only calculates
subirrigation.

Volume | estimate based on equation: net

Net stream gain 92,000 Net stream gain 100,000 | stream gain = [SWout] - [SWi - (Ditch loss +
field loss + ET].
CHD groundwater Groundwater
underflow to underflow to : )
Beaverhead 42,500 Beaverhead 109,000 | Volume I uses rough Darcy's Law estimate.
watershed watershed
Groundwater 1,500 Groundwater NC Not calculated
pumping pumping
Total net Total surface water

168,300 118,000

groundwater out out
Table 2.2.2-3: Comparison of modeled and calculatedater balance.

9/30/2008 32



RVCD Groundwater Modeling Report

The modeled recharge from precipitation and mourf@int recharge is 43,600 acft and the
modeled recharge from alluvial underflow is 7,0@8@.aGiven these recharge sources in
addition to recharge from surface water irrigato stream leakage (possible up to the total
surface water inflow of 179,000 acft), the maximpatential net inflow to the groundwater
system is 229,600 acft. Therefore the model gr@indwater inflow of 168,580 acft is within
this limit.

Ditch loss also appears reasonable, given the tamasrin the extrapolation used in the Volume

| calculations. Net stream gain compares welldathlwater balances, supporting that the model
is doing a good job of estimating basin-wide grouatér discharge to streams and sloughs. The
total groundwater underflow out of the valley doe$ compare well; however, the Volume |
estimate is based on a rough Darcy’s Law flux datcan and does not provide an accurate
constraint on the modeled groundwater flux.

MODFLOW water balance data not shown in the tahdudes 338,000 acft of total steam loss
during the 2002-2003 water year (table 2.2.2-3 shoet stream exchange). This stream loss
summed with ditch loss and irrigation field lostate 455,900 acft of surface water loss.
Comparison of total modeled surface water loss thightotal net flux in the groundwater system
of 168,000 acft suggests that on average all seiviaater in the Lower Ruby Valley circulates
through the groundwater system at least twice. iafahis stream — groundwater exchange
occurs in modeled STR features on the Ruby floodplderein calibrated streambed
conductance values are relatively high causingmiateapidly drain from these features where
the stage is above the surrounding water tableaater to rapidly replenish these same features
where the water table is higher than stage. Tiggeasts the model is capturing some of the fine
scale hyporheic exchange between streams and flondpvhere surface water circulates
through short groundwater pathways back into tifasa water source.

2.2.3 Model Validation

Long term groundwater level monitoring data is &kde from GWIC for 3 wells in the Lower
Ruby Valley (GWIC #108917, 108471, 107951). Thesg term groundwater level datasets
were used as a split sample validation datasdtowwiog model calibration, these wells were
evaluated for the time period June 2002 — AuguB62(0Trable 2.2.3-1 shows that the normalized
RMS error for these wells is acceptable when coegpéor all measurement times and each
individual time when measurements are availablalfio3 wells.

The datasets for these wells present several tionigfor use in validating the model owing to
three main factors: 1) there is little interannuadiability in the hydrographs for these wells, 2)
there is no direct information available on thdatiénces in model stresses (particularly stream
and ditch flow and irrigation water application thg/location) between the period of the
calibration dataset and the following 3 years mllead validation data, and 3) the hydrographs
for these wells respond mainly to water managenmeitte immediate vicinity of the wells.
Therefore, the model drivers that would affect éheglls in a simulation are not explicitly
characterized by available data. However, the-tengn dataset does allow the model to be
evaluated for consistency in year to year tranggemtindwater levels.
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Approximate Absolute
Median Normalized Residual Max
Observation Model n= (# RMS % Mean Residual Max-

Date Day observations) Error (m) (m) Well ID
All Observations NA 77 2.40% 1.43 3.01 108471
6/5/02 791 3 1.26% 0.77 1.03 107951
9/24/02 902 3 1.73% 11 1.12 108471
12/10/02 979 3 3.03% 1.91 2.58 108471
3/12/03 1071 3 3.47% 2.18 2.97 108471
6/5/03 1156 3 1.13% 0.55 1.19 107951
9/4/03 1247 3 1.48% 0.9 1.02 108917
12/4/03 1338 3 3.14% 1.97 2.75 108471
3/10/04 1435 3 3.50% 2.21 2.98 108471
6/29/04 85 3 1.81% 1.07 1.66 107951
9/14/04 162 3 2.04% 1.27 1.65 107951
12/21/04 260 3 1.97% 1.17 1.82 107951
6/7/05 428 3 1.76% 1 1.69 107951
8/30/05 512 3 1.98% 1.22 1.64 107951
12/1/05 605 3 2.00% 1.2 1.8 107951
3/16/06 710 3 1.85% 1.04 1.83 107951
7/7/06 823 3 1.29% 0.82 0.96 108471
8/29/06 876 3 1.52% 0.97 1.02 108471

Table 2.2.3-1: Model validation using split samplef head data.

The measured and modeled hydrographs for the validevells are presented in figure 2.2.3-1.
Because the 4-year model ends on 4/4/2004 (tablé-2), it was necessary to run the model one
additional time to compare the validation datase®f5/2004 until the final validation water

level measurements on 8/29/2006. This additiormdehrun used the same boundary stresses as
the original model.

The modeled hydrograph for well 107951 is out cdigghwith the measurements. Inspection of
this site on aerial photographs reveals that tiseaesmall ditch running immediately adjacent to
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the well that is not simulated in the model. Tdhigh is one of many smaller irrigation features
in the Ruby Valley which is not included as a R\&tire (ditches associated with flood
irrigation are incorporated into the NRCS fielddasodel used in assigning irrigation recharge
boundaries). This small ditch controls the hydapdrfor this validation well, whereas in the
model, the well is responding with a lag time tm+ocalized recharge effects.

Figure 2.2.3-1: Modeled and measured hydrographs fosalidation wells.
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The hydrographs for wells 108471 and 108971 comyailkgiven the fact that only four
measurements per year are available for compattstire modeled hydrograph. The model
responds slower in raising water levels in theskswiean seen in the field measured hydrograph.
Possible explanations why water levels rise fasténe field than in the model may include the
fact that ditches and canals in the Ruby Valleydsity loose much more water when they are
initially turned. The possible reasons for thigludle saturated versus unsaturated flow processes
which occur prior to the mounding of the water ¢éatlirectly beneath a ditch. Unsaturated flow
processes are not handled by the MODFLOW code aterwable mounding may not be
accurately simulated at the resolution of the maeé|

2.2.4 Sensitivity Analysis

A sensitivity analysis allows a comparison of mogsponse relative to uncertainty in model
parameters. The sensitivity analysis is perforimgdystematically adjusting specific model
parameters and recording the change in model respdn this project, the model response that
we are primarily concerned with is flow in the RuRWer. Sensitivity was evaluated against
Ruby River stream-groundwater exchange at two &egtlons, between Alder and Silver
Springs bridges and between Wheatley and Seylez badges, as well as evaluated versus total
stream flow at Seyler Lane. Flow sensitivity islexated at 3 specific times: spring, summer,
and fall during the 2002 calibration period. Pagten sensitivity is also gauged by evaluating
%RMS error for all head observation times.

Given the large amount of input data in this basiale groundwater model, parameters for
sensitivity analysis was refined to those whichevdeemed most likely to influence modeled
stream flow (table 2.2.4-1). The ratio of rechalges a driving factor affecting head in a
numerical groundwater flow model. Therefore, thes#évity analysis includes an analysis
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designed to evaluate the sensitivity to a rangbese parameters while maintaining a constant
ratio of recharge to K.

Parameter Change Aquifers included (figure 2.1.3-1)

Ruby River Floodplain K Ruby Floodplain

Alder, Indian Creek landslide, Sheridan
Fan

Wet Georgia Tertiary, Mill Creek Tertiary,
Tertiary Aquifer K in layer | West Bench (low K zone only), Tobacco
1 Root Fans, Greenhorn Tertiary, East
Bench

All

Quaternary Aquifer K

Aquifer K and Aerial
Recharge (constant ratio)

Syin layer 1 All aquifers in layer 1
Table 2.2.4-1: Parameter changes in sensitivity ahesis.

During model runs in the sensitivity analysis, thedel was run as many times as practical to
establish a new dynamic equilibrium to the paramehtange before the model response was
recorded. Establishing a new equilibrium provedipalarly difficult when Tertiary aquifer K
was changed. After 40 years of running a K charfigd-25% in the Tertiary aquifers, the water
levels were still adjusting in portions of the Tary aquifers by 25-50 cm over the 4-year model
period. Due to time and budget allowances for diniglysis, sensitivity to parameter changes
was recorded when the change in head distributven @ 4-year model run was less than 50 cm.
This assumes that the affect of these water Iehaahges, primarily in valley margin Tertiary
aquifers, have an insignificant effect on Ruby Rilew and the %RMS error at head
observation points.

Head calibration sensitivity to parameter changeshown in figure 2.2.4-1. Modeled head
calibration for all measurements is relatively imsiéve to any of the parameter changes invoked
as both the changes in % RMS error and absoluiguasnean (not shown) are small. Small
differences in the relative sensitivity are appardfor instance, varying the K of the Ruby
Floodplain aquifer and,$1as almost no effect on head calibration. Wheneaying K of the
Tertiary aquifers and adjusting the values of regh@and K simultaneously invokes a relatively
larger change in head calibration. However, adlch& RMS error is within 0.08%. This low
sensitivity points to the importance of using flmeasurements in addition to head for model
calibration.

Modeled flux sensitivity to the parameter changescdbed in table 2.2.4-1 are shown in figures
2.2.4-2,2.2.4-3, 2.2.4-4, 2.2.4-5, and 2.2.4-6ns8ivity testing of Ruby River seepage from
Alder to Silver Springs indicates that Ruby Floaipland Tertiary aquifer K changes of +/-25%
affect seepage less than 15% (figure 2.2.4-2 ahd-2). Varying recharge and K by +/-25%
invokes up to a 52% change in seepage from Ald8ilt@r Springs (figure 2.2.4-5) indicating
that flow gains in this portion of the river arerysensitive to the assigned recharge rate.

Sensitivity of Ruby River seepage from WheatleydBd to Seyler Lane is relatively insensitive
to all variations of aquifer K tested; varying K B¥25% evokes a 2 cfs or less change in all
instances (figures 2.2.4-2, 2.2.4-3, and 2.2.4Vgrying recharge and K by +/-25% invokes up
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to a 5 cfs change in seepage between Wheatleyaydr&ane (figure 2.2.4-5). The relative
insensitivity of stream-groundwater exchange is ghortion of the basin is due to the fact that
flow exchange in the lower reaches of the riverratatively neutral compared to the Alder to
Silver Springs reach which gains considerably.

0.8

RMS % Error

0.65 T T T T T T T T T
0.75 0.8 0.85 0.9 0.95 1 1.05 11 1.15 1.2 1.25

Fraction of Calibrated K

— ¢ - KRubyFloodplain —3— K Quaternary a2 K Tertiary X Sy ---%---Recharge:K

Figure 2.2.4-1: Head %RMS error sensitivity analyss.

Parameter sensitivity was evaluated against ttmad &t Seyler Lane to provide a comparison of
how parameter uncertainty may affect discharghebasin scale. Varying 8om -50% to
+25% of the calibrated value invokes less than aig&nge in total flow at Seyler Lane (figure
2.2.4-6, data point analyzed but not shown for))5 Varying K of the aquifers by +/-25%
evokes a corresponding change in Ruby River flowpfo 7% for changes in Ruby River
floodplain K, 7% for changes in Qal K, and 2% fbanges in Tu K (figures 2.2.4-2, 2.2.4-3,
2.2.4-4). Varying the recharge and K simultanepbgl+/-25% has a major affect on Ruby
River flow, changing flow by a maximum of 40% onW1®02 (figure 2.2.4-5). Modeled flux
sensitivity to the combined recharge and K pararaesetherefore considerably higher than
sensitivity to the K or pof individual aquifers. This is expected becasiseulated groundwater
discharge to surface water features is directiyteel to the modeled recharge.
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Figure 2.2.4-2: Modeled flux sensitivity to Ruby fbodplain aquifer K (3 graphs).
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Figure 2.2.4-3: Modeled flux sensitivity to Quater

@ary aquifer K (3 graphs).
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Quaternary Aquifer K Sensitivity: Ruby Wheatley to Seyler Lane Flow Exchange
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Figure 2.2.4-4: Modeled flux sensitivity to Tertiay aquifer K (3 graphs).
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Tertiary Aquifer K Sensitivity: Ruby Seyler Total R iver Flow

370
350
330
310
290
270
250
230
210

Flow (cfs)

190

170
75% 80% 85% 90% 95% 100% 105% 110% 115% 120% 125%

% of Calibrated K

\ —e—4/5/2002 —a— 7/7/2002 10/15/2002 \

Figure 2.2.4-5: Modeled flux sensitivity to varyingK and recharge (3 graphs).
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Figure 2.2.4-6: Modeled flux sensitivity to layer 1S, (3 graphs).
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S, Sensitivity: Ruby Seyler Total River Flow
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2.2.5 Model Uncertainty Evaluation

In general, the model does an excellent job argyrig basin wide groundwater levels and the
head equipotential surface. The time variant tedidhaps and majority of the simulated
hydrographs indicate that the model is capturirglthsin wide seasonal water level fluctuations.
As seen in the validation hydrographs, localizespomse in water levels may not be accurately
simulated at all points where the hydrograph igradiled by local recharge or discharge
boundaries that are not explicitly modeled (e.qal$ ditches).

The model is also simulating current stream excbhamgjl where calibration data are available.
The model is most accurate at simulating basinesgadundwater-surface water exchange and
estimates of stream flow changes in the predidinrilations should be most accurate at Seyler
Lane near the basin outlet. Flux calibration dateerage for creeks and sloughs is more
complete than for the Ruby River and most of tHeagures are calibrated to at least one
measurement of synoptic exchange. This adds toahidence in the modeled exchange for
streams and sloughs and flow predictions for theseires.

The calibration process reinforced the importaheg &ccurate flux data be available for model
calibration. Careful review and data quality rangkof the flow and river stage data available for
the Ruby River resulted in most of the staff gaggadings being classified as unusable because of
a lack of quantification of diversions and surfadtows. Additionally, summer Ruby River
flows recorded at automated gaging stations wese rabt usable for flux calibration because of
the lack of data on the timing and flow rates ofedsions and ditch tail return flows. The late
summer synoptic flows measured on the lower RubgiRretween Harrington Bridge and
Seyler Lane by floating the river and measuringlalérsions and inflows were an important
data source for calibration. Due to the river stdgta being unusable for model calibration,
accurate stream-groundwater exchange data is adable for the Ruby River above Harrington
Bridge making the calibration of groundwater exaeancertain in that area. Due to this
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uncertainty, the model may not be accurately sitmgastream-groundwater exchange along
these reaches of the river above Harrington Bradgkpredictions made regarding river gains in
this area are suspect. Collection of additionat flata on the Ruby River above Harrington
Bridge would help to further model calibration aggand on the predictive capabilities of the
model.

Flux calibration data is available for 16% of th&ck miles in the basin. The remaining ditch
miles, simulated by RVR features in the model, myeither calibrated conductance values
from other sections of the same ditch or on estchahlues based on ditch size. Many of the
smaller ditches simulated in the model do not telibration data, and the accuracy of these
features representation is unknown. Additionalecage of synoptic ditch flow measurements
would increase confidence in the simulation offits. Predictive modeling results presented in
this report in which ditch boundaries are alteredldvith lining of the Vigilante and West Bench
canals. The synoptic flow calibration data for ta@als has better spatial coverage than for
smaller ditches increasing the confidence in ptexhe made concerning the canals.

ET is simulated in the model as a basin-wide bogndéich allows groundwater to be
transpired when the water table is less than 2deep. No calibration data is available for this
ET boundary. Based on comparison of the modeladnim@lance with estimated ET from the
LRVGMP, the magnitude of ET appears reasonable sbftware used does not output an array
of simulated ET magnitude. However, the softwaresdoutput an array called net recharge,
which is recharge minus simulated ET. A jpeg imafjeet recharge on model day 864 (August
16, 2002) is provided in the CD appendix. Maximbfnrates occur along the Ruby floodplain
and the tributary stream valleys and are genecaliycident with riparian areas and areas
identified in the LRVGMP as having a water tablgsl¢han 6 ft deep. Evaluation of negative
values in output arrays of net recharge (i.e.:sacédnigh subirrigation ET) shows that peak rates
during summertime are 0.22 inches/day (shown ik bhre in the jpeg image). These ET rates
appear reasonable; however, calibration data sspiatial distribution and magnitude of ET is
not available. Calibration of the ET boundary bggramming MODFLOW to output an ET
array and comparing the ET array to satellite aetigreenness indices (e.g.: Kondoh and
Higuchi, 2001; Nagler et al., 2005) or other ET mlaty results could improve calibration of

this boundary. This type of programming and analisnot within the scope of this project but
could be considered in future efforts.

Predictive capabilities of the model are reliantlo® accuracy of the simulated boundary
conditions altered during a predictive simulatidfor instance, the uncertainty in stream flow
estimates derived from a predictive simulation stigating the effects of changing flood
irrigated areas to a subdivision are reliant onat@&uracy of the field loss estimate at the flood
irrigation boundary and the consumptive water usbeanew subdivision boundary. The
boundary conditions used in the current conditimaslel and predictive simulations are based
on the best available estimates of actual hydrolognditions. A quantitative analysis of
predictive modeling error could be done by estingathe range in possible boundary condition
values and calibrating a set of models to the egéthrange in boundary conditions. Running
the different models for the same predictive saesaxould then provide a range in possible
model output. Given the time and resources requoealibrate a single model, it is not yet
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common practice to produce a suite of calibratedets) and modeling relies on the best
available estimates and sensitivity analyses ag d@othis study.

The model is capable of accurately accountingtferahanges in the water balance between the
current conditions and predictive simulations. sTisibecause error in the current condition
water balance due to uncertainty in model boundanenput parameters is similar to the error
in the predictive simulations. Therefore the mannevhich the water balance changes under a
predictive scenario, which is the focus of thisjgco (e.g.: information such as reduction in
stream flow), is less sensitive than total fluxtiie error in the boundary conditions and
parameters.

2.3 Predictive Model Setup

2.3.1 Boundary Condition Changes

All predictive models were based on the calibratieatent conditions model with changes made
to the modeled boundary conditions as describékisnsection. For each predictive simulation
the model was run a sufficient number of timesluh& model had adjusted to the new boundary
condition to ensure that the model response predestepresentative of the altered boundary
conditions. The predictive models required mudtipins to fully equilibrate because changes in
streamflow often lag behind the change in wateragament by years to decades. For each
scenario the predicted stream flow was determirsgtbwzone budget as described in section
2.3.2 below. The model then had to be run onetiatdi time with settings set to write the
MODFLOW mass balance to the list file. Water y@ater balances were computed based on
the MODFLOW mass balance difference in cumulatiug ¥olume between model day 9/27/02
and 9/27/03. These dates were used because thag alose to the actual water year as possible
given the time discretization in the model. Thealton of boundary condition changes are
shown in figure 2.3.1-1.

Major Irrigation Efficiency Improvement Scenario

This scenario is designed to investigate the ingpacinajor increases to the efficiency of
irrigation water use in the Lower Ruby Valley. Abod irrigated fields assigned in the current
conditions model (figure 2.3.1-1) were changedetoter pivot irrigation efficiency according to
the values in table 2.1.4-2. This is the sameraslaction in annual field loss from 4.0 ft to 1.0
ft of water. In this scenario the streambed K athlthe Vigilante and West Bench Canals were
reduced to 1/10 of their value in the calibrateddeido simulate a 90% reduction in ditch loss
by canal lining.

This model was run for 18 years and the resultirepsn flow was simulated using zone budget.
The model was then run once more for four yearstlaagredicted water balance was written at
22 years.
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Figure 2.3.1-1: Predictive model boundary conditiorchanges.
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Major New Groundwater Development Scenario

This scenario investigates the impacts of 9 newswelmping 1000 gpm continuously 365 days
per year. These wells were placed throughout #fley (figure 2.3.1-1). This scenario is
designed to test large consumptive use of grouretwetterein none of the pumped groundwater
returns to the aquifer as recharge through fietd lar septic returns. Conceptually, this scenario
mimics the situation where all pumped groundwatersed by residential development which is
connected to a municipal sewer system which diggsaoutside of the study area or where
agricultural or industrial uses of the water arghlhy efficient (i.e.: no field loss recharge or the
water is conveyed outside of the basin).

This model was run for 18 years and the resultirepsn flow was simulated using zone budget.
The model was then run once more for four yearstlaagredicted water balance was written at
22 years.

Canal Lining Only

This scenario investigates the effects of canaidjronly. In this scenario the streambed K of
both the Vigilante and West Bench Canals (figuB2121) were reduced to 1/10 of their value in
the calibrated model to simulate a 90% reductiodgitich loss by canal lining.

This model was run for 30 years and the resultireps flow was simulated using zone budget.
The model was then run once more for four yearstlaagredicted water balance was written at
34 years.

Construction of Recreational Fish Ponds

This scenario investigates the effects of 70 nemdpalug into the water table. The ponds are
spread throughout the valley in areas where thentable is relatively shallow (figure 2.3.1-1).
Each pond is modeled to remove 10 acre feet perfsega groundwater in layer 1, the
maximum annual volume allowed by DNRC for new exegrpundwater use certificate. Ponds
evaporation is simulated by a pumping well. Thenping rate follows the seasonal ET curve
used to simulate the ET boundary and is adjustdd tacft/yr total. In this the ponds simulate
high evaporation during hot summer days and ndgégvaporation during cold months.

This model was run for 30 years and the resultirepsn flow was simulated using zone budget.
The model was then run once more for four yearstlaagredicted water balance was written at
34 years.

Large Subdivision on Former Dry Land

This scenario investigates the effects of a laudelvision with a total of 850 individual houses
on the West Bench (figure 2.3.1-1). The simulatiariudes 2 houses per 2% acres (1 hectare,
equal to one model cell) with each house assumbdue ¥, acre of lawn. Hypothetically, this
scenario represents residential development inlwihizises use advanced septic treatment
technology which would allow very dense development

Domestic consumptive use is assumed to be negigided on recommendations provided by
the DEQ Subdivision Review Program that a propedsigned septic/drainfield system should
have no evaporation. Consumptive use is assumectto only from lawn evaporation. The
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consumptive use is simulated using one pumping walhch model cell coincident with the
subdivision. The pumping rate is based on measuetdorology and modeled ET rates for
lawn grass for 2002 at the USDI Bureau of Reclanmafigrimet Station Ruby River Valley near
Laurin, Montana. In this, the pumping rate follothe seasonal ET curve used to simulate the
ET boundary. Background aerial recharge from pitation was still allowed to occur.

This model was run for 30 years and the resultirepsn flow was simulated using zone budget.
The model was then run once more for four yearstlaagredicted water balance was written at
34 years.

Large Subdivision on Former Flood Irrigated Fields

This scenario investigates the effects of a sinsildrdivision as the previous dry land scenario,

but the subdivision replaces formerly flooded fgetth the Sheridan Fan (figure 2.3.1-1). In this
simulation the flood irrigation boundary was regdavith the aerial precipitation boundary. All
other factors were simulated the same as the ddydabdivision boundary.

This model was run for 30 years and the resultirepsn flow was simulated using zone budget.
The model was then run once more for four yearstlaagredicted water balance was written at
34 years.

2.3.2 Simulated Hydrograph Construction

Current condition hydrographs were developed usiegsured flows at Seyler Lane (4/29/02 —
11/3/03) and Silver Springs (5/7/02 — 10/12/02he Bimulated annual hydrograph is presented
for the period 4/1/02 — 3/31/03 at Seyler Lane ad02 — 12/31/02 at Silver Springs. When
measured flow data was not available for a dayfldve was estimated by combining flows
measured at the USGS gaging station at the Rubyiasmmodeled seepage from the current
conditions model plus a conversion factor to actdominflows and diversions. The conversion
factor was determined by the difference in flowdezbto make the estimated hydrograph for
unmeasured dates match the hydrograph of measatesl dThus the constructed hydrograph
may not be accurate on any day that measurememtadanot available but the shape of the
hydrograph is the best available estimate for tireenit conditions period and is suitable for
comparing differences in flow for predictive scanar

The modeled seepage was analyzed using zone bordgdtmodeled STR features.
Conceptually, this adds the change in net streapagge to the current conditions hydrograph.
Zone budget does not output continuous daily seepalyies making it necessary manually
obtain seepage rates from the model. Seepagealasated for the times shown in table 2.3.2-
1; seepage used in simulating the hydrographs ela@sclonstant between these dates.
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Date Model Day
3/1/2002 695.8
4/5/2002 730

5/15/2002 770
7/2/2002 818.8
8/16/2002 863.9
10/5/2002 913.3
11/19/2002 958.6
1/8/2003 1008.6

Table 2.3.2-1: Stream seepage output times.
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3.0CURRENT CONDITIONS AND PREDICTIVE SIMULATIONS

This section presents the results of using the Ribgrel to simulate current conditions and to
predict the consequences of water management chainge discussion is intended to be
relatively easy to understand by people outsidb@fvater resource specialty. The process of
model setup and calibration is described in tecirdetail in section 2.0 for those seeking more
detailed explanation of how the model was developed

The current conditions model simulates the wategltein wells and seepage in springs, creeks,
and the Ruby River throughout the Lower Ruby Vall@he model is calibrated to
measurements taken in the field during data catledbr the Lower Ruby Valley Groundwater
Management Plan (LRVGMP). The model is calleddineent conditions model because it
represents the state of the Ruby Valley groundwstetem under water management in use
when the field data was collected in 2002-2003e Rnby Valley groundwater system is
comprised of numerous aquifers which are connestgdeach other and connected with
springs, streams, and the Ruby River. Groundwatirese aquifers supports household water
use, stock water wells, irrigation wells, wetlamohgl sloughs, as well as the important baseflow
which keeps water flowing in the Ruby River durthg summer dry season (see photo). The
model predicts how land management and water wmggels may affect groundwater and
surface flows.

Photo: Leonard Slough which was measured at 4ih @gptember 2006 is almost entirely
spring fed.
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The water balance for the groundwater system any River streamflow for the current
conditions model are described in section 3.1 beldte calibrated model was then adapted to
simulate changes in water management by altenigation practices, canal seepage, well
pumping, and the construction of recreational fishds. The outcome of these predictive water
management scenarios are discussed in section 3.2.

3.1 Current Conditions

3.1.1 General Description of Water Balance

The first column in table 3.1 shows the currentdibons water balance for the groundwater
system in the Lower Ruby Valley. The remaininguoohs in table 3.1 present the water balance
for the water management predictive scenarios et section 3.2. The water balance is
separated into inflows and outflows. The modelevaalance presents annual groundwater flow
and discharge and therefore provides seepage bethveaquifer and creeks and the Ruby
River, not total flow in these surface waters. ®vdtalance inflows represent sources of water,
called recharge, to the groundwater system. Rgelsources include precipitation that
infiltrates the ground over the valley as well asrenfocused precipitation along the mountain
front where rain and snowmelt in the mountainsrhade its way into the ground. Runoff from
the mountains also constitutes a major sourceabfarge when creeks that cross the large fans
and benches in the Ruby Valley percolate througlstreambed. Recharge inflows also include
irrigated field loss and flood irrigation is espadby effective at recharging groundwater because
the low efficiency of flooding loses much waterarithe ground. Other recharge sources include
ditch loss including canal loss.

Recharge/Discharge
Source

ALL VALUES IN ACRE FEET.

Recharge (precipitationand 5, 50,600 50,600 50,600 50,600 50,600 50,600
mountain-front groundwater)
o |Irigated field loss 64,400 28,900 64,400 64,400 64,400 64,400 60,200
=
g Ditch loss 53,500 27,500 54,000 26,300 53,500 53,600 53,800
c
~ |Change in storage 0 700 200 300 -100 -100 100
Total net Inflowlj 168,600 107,700 169,200 141,600 168,400 168,400 164,700
ET 32,200 23,000 30,400 29,300 32,200 32,100 28,800
Net stream gain 92,000 40,700 80,200 67,400 91,600 90,300 89,600
¢ [Groundwater underflow to 42,500 42,500 42,500 42,500 42,500 42,500 42,500
B |Beaverhead watershed
85 Groundwater pumping 1,500 1,500 16,000 1,500 1,500 3,200 3,200
Pond evaporation - - - - 700
Total net outflowly 168,300 107,700 169,200 140,700 168,500 168,200 164,100

Note: Values in table are rounded to three significant digits. Calculationsin report are based on raw values.

Table 3.1: Water balance for current conditions andvater management predictive
scenarios.
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Groundwater storage can be thought of as the additi recharge water to the underground
aquifer “reservoir”. Changes in groundwater sterage presented under inflows in the water
balance. If changes in storage are positive itdiger balance, a loss of storage is supplying
groundwater flow, such as when groundwater stoimgepleted when discharge and pumping
exceed recharge. Reductions in storage in anligestihe Ruby Valley typically occurs when
drought reduces rainfall and streamflow, when &aege source such as an irrigated field is
retired, or when additional pumping occurs. Gromatdr storage depletion is accompanied by
falling water levels in the source aquifer. If olgas in groundwater storage in the water balance
are negative this indicates storage is increasimggyacharge rates exceed discharge rates.
Typically, groundwater storage is fairly constaméothe long term when water management is
not changed. Most of the values of storage inflothe water balance in table 3.1 are small and
do not indicate major changes in storage.

Outflows are discharge from the groundwater syst@utflows include evapotranspiration (ET)
where plants tap the water table or where the viatde is near the surface and water evaporates
on hot, dry days. Included in this is pond evaponawhere ponds are dug into the water table.
Seepage to streams is a major mechanism of groteddiacharge. In the Ruby Valley almost
all valley bottom streams, including sloughs arelRuby River, gain significant flow from the
groundwater system. This groundwater dischargataiais baseflow in the Ruby River during
the dry summer months regardless of the watersetehy the dam, which is all diverted for
irrigation. Although a large amount of water istifrom streams to groundwater in the Lower
Ruby Valley more water is gained from streams dedetfore the net stream gain is expressed as
a groundwater outflow in table 3.1. Groundwatspalischarges from the Ruby Valley as
groundwater flow (called underflow) to the lowera®erhead watershed. This underflow
represents a large source of recharge to Beaverhat@tshed groundwater. Finally,
groundwater pumping from wells is another outflean the Ruby groundwater system.

3.1.2 Current Conditions Water Balance

Table 3.1 shows us that irrigation water use, idiclg ditch and field loss, is currently the most
significant source of groundwater recharge in th@yRValley. By comparison, natural recharge
from precipitation and mountain-front groundwatgtaw contributes approximately 30% of the
recharge to groundwater. In the current conditivater balance storage is constant. This fact
that the change in storage is close to zero isa@geas the model is calibrated to conditions in
2002-2003 and the groundwater system is at equitibwith the recharge and discharge present
at that time.

The water balance indicates that subirrigation &£duirrently a major source of discharge from
groundwater in the valley. This subirrigation occin fields and wetlands where the water table
is near the ground surface (see photos). Thelegtdiscussion in section 2.2.5 indicates that ET
is one aspect of the model in which the calibraisoless certain due to a lack of ET
measurements or estimates to compare to the mdted.suggests that the ET value given in the
water balance should be considered to be an estimat
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Photo: Subirrigated wetlands below the Bullerdigkndiman Moulton Ditch on the Ruby
floodplain.

Photo: Subirrigation evident in winter along MiddRead.
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There are direct benefits from this surface watgroundwater — surface water circulation in that
clean water is discharged to streams and rivetshteabeen filtered by physical and biological
processes which occur when water percolates threediments and aquifers. Additionally,
groundwater temperatures are buffered at depthhancesulting discharge to streams and rivers
is typically colder during summer than the recegwrater.

Table 3.1 indicates that approximately 25% of teegroundwater flow in the valley contributes
to groundwater in the lower Beaverhead watersheahdsrflow through the sediments that
underlie the Ruby floodplain. Groundwater pumpimgn the large wells that serve Sheridan
are included in the model. The water balance atéthat municipal pumping currently uses on
the order of 1% of the net flow in the groundwatgstem. As described in section 2.1.4 there
were two large irrigation wells in the valley in@32003 that were not included in the model
and that are not included in the water balanceussao records of actual use was available.
Based on DNRC records, the combined use of thesértigation wells is estimated to be less
than 2000 acre feet per year (acft/yr) suggestiagtbtal groundwater pumping under current
conditions is approximately 2% of the net flow e tgroundwater system.

3.1.3 Current Ruby River Hydrograph

Figure 3.1.3-1 shows the 2002 hydrograph for RuiveiRlow at Silver Springs Bridge with

flow in cubic feet per second (cfs). The hydrodgrapbased on a combination of measurements
at the Ruby River Water Users Association (RRWdprding station and the estimated flows
discussed in section 2.3.2. Figure 3.1.3-2 sho@#\pril 2003 — March 2003 hydrograph for

the Ruby River at Seyler Lane. The hydrographsecerate to the degree that the flow rating
curves are accurate during days when the recondees measurements. The hydrographs may
not be accurate during the times when the recorders not operating (Silver Springs Bridge
recorder is irrigation season only and the Seyéard Bridge recorder was inoperative for several
periods during winter 2002-2003). The fact tha&t llydrographs may not be accurate during
times when the recorders were not operating doekmio there use for comparing the effects of
management changes in the predictive scenariostignuthat follows because the concern is
how management changes will alter Ruby River flowsng different times of year.

The current hydrographs show the effects of damagewherein flow is reduced in the winter
and during much of the spring runoff as high flaave stored. With the exception of the spring
runoff spike, flows in the Ruby River are currentigher in the summer as water is released
from the reservoir for irrigation. The hydrograghSeyler Lane also shows elevated flow in the
late summer through early winter resulting fromuwgrdwater which is recharged by summer
irrigation practices discharging to springs, slosigind the Ruby River.
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3.2 Water Management Predictive Scenarios
The specific predictive water management scenanimdeled are as follows:

1. Major irrigation efficiency improvement: conversiohall current flood irrigated field to
center pivot combined with lining of the Vigiland@d West Bench Canals.

2. Major new groundwater development: An additiongbD® acft per year of consumptive
groundwater use from 9 large wells, 1000 gallorrsnpieute (gpm) each.

3. Canal lining only.

4. Construction of recreational fish ponds: 70 pont&tv evaporate the maximum volume
allowed by DNRC for new exempt groundwater usegdfd per year each).

5. Large subdivision on former dry land agricultureda: 850 lots with ¥4 acre of lawn.

6. Large subdivision on former flood irrigated fiel&S0 lots with % acre of lawn.

The effects of these water management scenarigeesented in this section. Information is
provided on how the modeled annual water balanaaegds with the water management change
and how flows in the Ruby River would be affected.

Table 3.1(page 51) presents the modeled waterwaiar balance for each water management
scenario; the current conditions water balancésis presented for comparison. The water
balance presents the total flow of water throughgtroundwater system during the water-year in
acre feet. The current conditions water balanderithe 2002-2003 water year; the predictive
scenarios show us how the water balance wouldteesdlunder different water management.
The water balance and resulting Ruby River flonspreéed here is based on the climate
conditions during 2002-2003 and does not explain dought or wetter climate would affect
flow. Future use of the Ruby Model to evaluatedffects on runoff of different climate
conditions or earlier snowmelt would further thalarstanding of how surface and groundwater
resources would be affected. The individual watanagement scenarios and the modeled
effects on Ruby River flow are discussed in théfeing sections.

The values presented in table 3.1 are roundecetaghrest hundred acre feet. The calculation of
predicted changes to the water balance in theviolig discussion made use of the raw water
balance numbers and therefore small differencéseimumbers provided in the discussion

below and those seen in table 3.1 are due to ragretior.

3.2.1 Major Irrigation Efficiency Improvement Scenario

This scenario is designed to investigate the ingpattimajor increases to the efficiency of
irrigation water use in the Lower Ruby Valley. this, the scenario is a possible look forward to
a time when agricultural producers grow all hayhgssprinklers and when major investment has
been made to reduce the water loss from the Vigiland West Bench Canal. In this scenario,
all flood irrigated fields assigned in the currenhditions model were changed to center pivot
irrigation efficiency and the canals were simulaasdeing lined.

The resulting annual water balance in shown irsttend column of table 3.1. The inflows
from irrigated field loss and ditch loss show tapproximately 61,500 acft of water could be
saved each year by changing all flood to pivot lamdg the canals. The groundwater system
responds by reduced outflow. According to the nexleet stream gain, approximately 51,400
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acft less of water would discharge from springs seepage in valley streams and the Ruby
River per year. The water balance therefore indgcthat almost all water savings would be at
the cost of reduced stream flow gain within the Rublley watershed. The reduction in
recharge from field and ditch loss also reducesateatET by approximately 9,200 acft/yr
suggesting reduction in subirrigation of fields ametlands. This reduction in subirrigation has
the potential to decrease the area of wetlandgwctlyroccupying the lower areas of the Ruby
Valley and also provides evidence that much ofdivestlands are currently supplied by the
artificial recharge of irrigation water loss. Be@n the reduction in stream flow gains and
subirrigation, almost all of the 61,500 acft of esais accounted for. The remainder is accounted
for by a change in storage. The water balanceates that approximately 700 acft of water
would come from storage. This change in storaggests that the model was not fully
equilibrated to the irrigation and canal changas.discussed in section 2.3, the model was run
for 22 years under the management change and itakaymore than several decades for the
groundwater system to come into equilibrium wita thiigation water management change. The

loss of groundwater storage indicates that groutelwavels were still continuing to fall after 22
years.

Figure 3.2.1-1 shows the modeled Ruby River hyagplgrfor Silver Springs Bridge. The
difference between the 2002 flow and the dashed‘improved irrigation efficiency with
consumptive use of water savings shows how streamflould be reduced. Streamflow would
be reduced by approximately 40-50 cfs during wiatedt spring, but by as much as 80 cfs during
the fall when current irrigation practices indu@ak discharge from the groundwater system.
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improvement scenario.
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There is approximately 61,500 acft of water savinghis scenario and one question is how that
water savings would be put to use. The reductioissream flow described above assume that
all of the water is put to consumptive use, meatinege is no additional recharge through field
loss from increased irrigated acreage in the vallegr comparison, the additional hydrograph
‘Improved irrigation efficiency with instream floleasing’ shown in figure 3.2.1-1 shows the
resulting hydrograph if half (30,750 acft) of thater savings were applied above Silver Springs
as instream flow during the irrigation season.

Figure 3.2.1-2 shows the modeled Ruby River hydrplgifor Seyler Lane. The predicted flows
at Seyler Lane under the irrigation efficiency iimypement scenario show a similar response to
Silver Springs Bridge but flow is reduced by ov80ZXfs during fall. At the Seyler Lane site
current summer flows are low enough that the redngh stream flow shows up as negative in
the hydrograph. This does not suggest that tleg viwuld have negative flow, or even that the
river would dry up. In reality, water users wharemtly rely on irrigation return flows for their
water supply would not be able to exercise theitewaght and some flow would continue in the
Ruby River. It is worth noting that the local st in the Ruby Valley suggests that prior to the
dam and canals that the Ruby River would almosugrin the late summer. Therefore the
model is indicating that a major reduction in iaign loss recharge without keeping the water
saving in-stream could reduce late summer RubyrRioes to levels not seen since the dam
was constructed.
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The second, higher line ‘Improved irrigation eféncy with instream flow leasing’ shows the
resulting hydrograph if the entire 61,500 acft @iter savings were applied as instream flow
during the irrigation season. This scenario atganes Ruby River flows very low in the period
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outside of the irrigation season. In reality, eesed releases from the dam would likely be
necessary during fall and winter to compensatéhfereduction in irrigation return flow to the
Ruby River.

3.2.2 Major New Groundwater Development Scenario

This scenario investigates the impacts of 9 newswelmping 1000 gpm 24 days per year. This
scenario is designed to test large consumptivetigeoundwater wherein none of the pumped
groundwater returns to the aquifer as rechargenc@utually, this scenario represent the
situation where extensive housing developmentmmeoted to a municipal sewer system which
discharges to surface water below Seyler Lane apticsdoes not recharge groundwater or
where agricultural or industrial uses of the waiter close to 100% efficient (i.e.: no field loss
recharge). The simulated pumping wells were distad throughout the valley (see figure 2.3.1-
1). The wells pump from both shallow and deepeiifacs to simulate the likely real world
situation wherein large production wells completedhe fans and benches in the Ruby Valley
are drilled into the deeper Tertiary aquifers.

The resulting annual water balance in shown irttiivd column of table 3.1. The outflows for
this scenario show that groundwater pumping woelihbreased by over 10 times current
pumping rates 16,000 acft/yr. Corresponding te ihia reduction in stream gain of
approximately 11,800 acft/yr. This reduction indeted stream gain illustrates the connection
between groundwater use and surface water resouartes Ruby Valley. If new groundwater
consumptive use of this scale were to take pléeentodel indicates that senior surface water
right holders would be adversely affected.

There is also a small decrease in modeled ET wtoalkd lead to a reduction in subirrigated area
or a reduction in wetlands; but the impact is lbss that described for the major irrigation
efficiency improvement scenario. There is an iaseein ditch loss in this scenario of 500 acft/yr
indicating that the pumping cone of depressiorstone of the modeled pumping wells has
intercepted ditches which are hydraulically conaddb the groundwater system. This model
was run for 22 years with the new wells in pla@ée small change in storage of 200 acft
indicates that the model was close to reachingsaagiilibrium in response to the groundwater
development but that a small amount of water wideming out of storage.

Figure 3.2.2-1 shows the simulated hydrographHerRuby River at Silver Springs Bridge
under the increased pumping. The two hydrograpdslappear fairly close in the figure;
however the reduction in flow during late summeapproximately 6 cfs. This indicates that if
new wells were place in the valley as they are kied in the model that senior surface water
holders would lose 6 cfs of water during part @& tinigation season. A similar effect is seen at
Seyler Lane (figure 3.2.2-2); however this siteathis lower in the basin sees the impact of all
of the wells and streamflow is reduced by over fHircthe late summer.
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3.2.3 Canal Lining Only Scenario

This scenario investigates the effects of lininghlibe Vigilante and West Bench Canal. The
resulting annual water balance is shown in théhfodlumn of table 3.1. The model water
balance indicates that approximately 27,200 acftater would be saved from canal loss per
year by lining. Canal inflow data shows approxietya#d1,000 acft of water diverted into the
canals in 2002 and 48,000 acft in 2003. This ssigghat loss from the canal loss is on the
order of 55-65% of the total water diverted annufdr both canals. Model calibration of canal
loss is discussed in section 2.2. There are reamhigoth canals that are not calibrated because
synoptic seepage measurements were not availattieef@ntire length of both canals.
Therefore the canal conveyance efficiency shoulddmsidered an estimate based on the data
available. The water balance indicates a 24,6@0eduction in net stream gain per year under
this scenario indicating that most canal water tasgributes to streamflow under the current

situation. There is also a reduction in ET of B,@@ft/yr suggesting that subirrigation or
wetlands could be reduced slightly.

Figure 3.2.3-1 shows the simulated hydrographterRuby River at Silver Springs Bridge
under with the modeled canal lining. The hydrograpggests that Ruby flows would be
reduced approximately 37 cfs in the late summer4ihdfs in the fall. The line in the
hydrograph ‘Canal lining with instream flow leasisfpows the effect of adding the entire
27,200 acft of water saved by canal lining as @@str flow over the course of the irrigation

season. Ruby River flow would be reduced during fall through early spring in either
scenario.
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Figure 3.2.3-1: Ruby River at Silver Springs Bridgecanal lining scenario.

Figure 3.2.3-2 shows the simulated hydrographterRuby River at Seyler Lane. The
hydrograph indicates that Ruby flow would be reduoe the order of 37 cfs in late summer and
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44 cfs in the fall. The line ‘Canal lining withstream flow leasing’ in the hydrograph shows the
effect of adding the 27,200 acft of water savedadnyal lining as instream flow over the course
of the irrigation season. In either case late &vititrough early spring flows are very low in the
lower Ruby River suggesting that increased danasele would be necessary to prevent
dewatering of the Ruby River.
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Figure 3.2.3-2: Ruby River at Seyler Lane canal limg scenario.

3.2.4 Construction of Recreational Fish Ponds Scena

There has been an increase in the construction\ate fish ponds in the Ruby and Jefferson
Valleys in recent years and the resulting consusnpaif groundwater has created concerns that
senior surface water right holders could be adWeeféected. This scenario investigates the
effects of 70 new fish ponds dug into the watelgalicach pond is simulated to evaporate 10
acre feet per year, the maximum annual volume @&tblay DNRC under the exempt
groundwater certificates that are typically obtdine legally construct this type of pond. In this
scenario the modeled ponds are spread throughewatley in areas where the water table is
relatively shallow (see figure 2.3.1-1).

The fifth column in table 3.1 shows the resultingdeled annual water balance. Outflows in the
water balance shows that the ponds will consumeag@@yr of groundwater. The model
responds with a 500 acft/yr reduction in net strg@mn. There is also a small increase seen in
groundwater storage. The reduction in modeleastrgain suggests that the ponds will have an
effect on streamflow and would reduce streamflovalsygnificant portion of the amount of

water the ponds evaporate. The 200 acft differéeteeen pond ET and reduction in
streamflow is within the accuracy of the model tedict water flux and represents only 0.1% of
the total water balance. Therefore the modehigtdid in its ability to accurately predict
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responses that are of this small of a magnitudaeusscthe pond evaporation is a small
percentage of the total flow in the groundwatetesys However, the results do suggest that
streamflow would be affected proportionally to Hmaount of water lost from pond evaporation.

Figures 3.2.4-1 and 3.2.4-2 show the resulting bydiphs for Ruby River at Silver Springs
Bridge and Seyler Lane. Itis difficult to see thitference in the two hydrographs presented in
each figure because the reduction in streamflowtdulee evaporative consumption of pond
water is small relative to the total flow. Modelstieamflow reduction at Silver Springs Bridge
is 3 cfs in late summer and is generally 1-2 cisnduthe rest of the year. Streamflow is reduced
at Seyler Lane by 3 cfs through the summer intcediréy winter. During late winter and spring
the reduction in streamflow at Seyler Lane is rggle. Although these reductions in
streamflow are small compared to both the totaligdovater flow and total flow in the Ruby
River, the loss of several cfs of streamflow durihg critical dry months would cut into the
amount of water available to existing surface watgtt holders. Additionally, peak streamflow

reduction in this scenario begins during the dmysier months and lasts into the fall when water
demands are highest and water supplies are limited.
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3.2.5 Large Subdivision on Former Dry Land Scenario

The Ruby Valley is rich in scenic and recreaticatédactions and like other areas in Southwest
Montana agricultural lands are increasingly beinlgdsvided for residential development.
Residents have expressed many concerns regardmpiacts of widespread residential
development on water supplies. At the heart adermncerns is the fact that current water right
permitting rules in Montana allow unlimited devehtognt of single family houses each with
individual wells which are exempt up to 35 gpm/t@/sr per a DNRC Groundwater Certificate.
This scenario investigates the effects of a latdelision on the West Bench with a total of
850 individual houses each with % acre of lawn {spee 2.3.1-1 for location).

This scenario places the subdivision on formerrdnge land and as such no change in irrigation
takes place. Residential water use can be simglifito two distinct components, domestic use
where water used is returned to the ground by icsgygstem and lawn and garden use where a
significant portion of the water used is evapotparaged. In this model scenario, septic systems
are assumed to return 100% of domestic use while &nd garden ET is the only consumptive
use of groundwater. It is assumed that septi@sysdrain to the shallowest aquifer (model
layer 1) as quickly as water is pumped for useis @ssumption is likely valid under long-term
use wherein septic return flow provides a permansettarge source to the aquifer. This
assumption would not be valid where the sourcefagtor the subdivision was completely
confined. Information on the properties of thetibey aquifer in the West Bench provided in

the LRVGMP indicates that the shallow aquifer i$ campletely confined; therefore these
assumptions should be valid.
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The sixth column in table 3.1 shows the resultirggleled annual water balance. The water
balance indicates that in this scenario there wbeldn additional 1,700 acft of consumptive
groundwater pumping and a corresponding loss d@fQlacft of stream gain per year.

Figure 3.2.5-1 and 3.2.5-2 show the resulting hgtaphs for the Ruby River at Silver Springs
Bridge and Seyler Lane. Itis difficult to see thitference in the two hydrographs presented in
each figure because the reduction in streamflowtdilee modeled subdivision is small relative
to the total flow. Streamflow reduction at SiN&prings Bridge is relatively constant at
approximately 3-4 cfs year round. Streamflow réduncat Seyler Lane varies from a low of
approximately 2 cfs in spring to 4 cfs in the I&k. Similar to the fish ponds scenario, these
reductions in streamflow are small compared to bloghtotal groundwater flow and total flow in
the Ruby River. However the loss of several cfstidamflow during the critical dry months
would reduce the amount of water available to egssurface water right holders.
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Figure 3.2.5-1: Ruby River at Silver Springs Bridgesubdivision on former dry land
scenario.
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Figure 3.2.5-2: Ruby River at Seyler Lane subdivisin on former dry land scenario.

3.2.6 Large Subdivision on Former Flood Irrigated kelds Scenario

This scenario is very similar to the previous exbmgd a subdivision on dry land on the West
Bench with the change that the modeled subdivisepiaces flood irrigated fields on the
Sheridan Bench. Under Montana water law, whergalgural lands are converted to residential
development, the residential water use does notiwtly replace irrigation water rights if the
houses are on individual wells. Therefore thetexgdrrigation water right may be sold or
applied to other land, in addition to the new resithl water use which is exempt up to 35
gpm/10 acft/yr per a DNRC Groundwater Certificaldie subdivision in this scenario includes
850 individual houses each with % acre of lawn {spee 2.3.1-1). In addition, the existing
flood irrigation in the area developed is remowvehf the model. This is conceptually similar to
the situation in which the irrigation water rigetadhanged to instream flow or changed to a place
of use outside of the valley. In either instare@riesulting streamflow in the Ruby River would
be dependent on how the water right is managetlidimg which ditch or stream is used to
convey the water. In the hydrographs presentenl\lyehe water used for the existing flood
irrigation is not assumed to be instream flow.tdas, the hydrographs show the streamflow
depletion that would occur due to the new groundwpatimping for the subdivision and the
elimination of significant irrigated field loss gmdwater recharge.

The seventh column in table 3.1 shows the resultindeled annual water balance. The water
balance indicates that in this scenario there wbeldn additional 1,700 acft/yr of consumptive
groundwater pumping coupled with a 4,200 acft/giuction in recharge from removal of the

flood irrigation and the elimination of field los® these grounds. Assuming the existing water
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right for the flood fields is sufficient to provider 2 irrigation applications, there would a total
of 6,500 acft/yr of water savings (the estimateduah irrigation requirement for the current
1,050 acres of flood fields in the subdivisionhiSfTwater savings could be put to use on other
fields or for other beneficial uses given a chaimgie water right.

The water balance indicates that the new groundwatin conjunction with taking the flood
irrigated fields out of use will cause a 2,400 aettuction in streamflow and 3,400 acft
reduction in subirrigation ET. The reduction inaeted subirrigation is significant in this
scenario. Model results not shown in the figurelaate that the bulk of this reduction in
subirrigation would occur along the riparian coori@f Indian Creek and Left Fork, both of
which flow through the modeled subdivision. Thiggests that existing riparian areas along
these creeks would dry up and streamflows woulcedaced which could result in fishery
impacts. Under the current conditions situatibte, model shows subirrigation due to a high
water table of the flooded fields in and below shdivision. With the modeled subdivision
replacing irrigated agriculture, this subirrigatiould be eliminated, indicating that the water
table would drop over an area greater than theigisbmh. A smaller reduction in subirrigation
of riparian areas near Leonard Slough at the vdltgtom is also seen in the model indicating
the water table is lowered at a distance of 5 niikdew the modeled subdivision.

Figures 3.2.6-1 and 3.2.6-2 show the simulateddgrdiphs for the Ruby River at Silver Springs
Bridge and Seyler Lane. Again, it is difficult$ee the difference in the two hydrographs
presented in each figure because the reductiomdaraflow due to the modeled subdivision is
small relative to the total flow. Streamflow retioa at Silver Springs Bridge varies from about
1 cfs in spring to 2 cfs in the fall. Streamflogduction at Seyler Lane varies from a low of
about 1 cfs in late spring and is 5-6 cfs duringnsier and fall. The impact of this subdivision
on river flows compared to the dry land subdivissmenario is greater at Seyler Lane because
the modeled subdivision is located lower in theenstied, below Silver Springs Bridge. The
loss of several cfs of streamflow during the latemer would reduce the amount of water
available to existing surface water right holderkwever, in this scenario much of the loss of
stream flow is due to the elimination of flood grated acreage and 4,200 acft of field loss
groundwater recharge. How the water rights thppluthe existing flood irrigation were
changed would determine actual impacts to streamfl®he flooded fields are currently
irrigated with Wisconsin and Indian Creek watericating that flow in these streams would
potentially be increased if the irrigation waterrevaot diverted.
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4 .0MODELING APPLICATION TO OTHER WATERSHEDS

The Ruby Groundwater/Surface Water Interaction MiaddProject is focused on water resource
issues directly pertaining to the Ruby Valley. ®abllection, modeling objectives, and
predictive modeling performed were all guided bgaloconcerns regarding how land and water
use affects the interconnected groundwater andceiater resources in the valley. The
modeling performed has been effective at addreshege concerns and the purpose and
objectives of the project outlined in the introdantto this report.

There is interest as to how the modeling approaeid in the Ruby could apply to other
watersheds in Montana, watersheds that are expergissues related to instream flow,
conversion of agricultural lands to developmenargies in irrigation practices, increased
groundwater withdrawals, issues related to low semstreamflows, water quality and their
effects on aquatic life, changes in runoff timiagd other issues that affect our state’s water
resources. Hydrogeologists typically refer to geelogic settings typical of the valleys of
Southwest Montana as alluvial basins, and thisitesiogy will be used here. This section
discusses the potential for application of conjivecsurface-groundwater modeling like that
used in the Ruby to simulate groundwater/surfademmteractions in other alluvial basins of
Montana. In this, the strengths and limitationshis approach are evaluated and the likely
minimum required data needed to model other allbbasgins are described.

4.1 Issues Related to Scale

The Ruby Model was designed to answer questioragdet) the affects of large-scale changes
in land and water use on water resources at thia beale. One focus of the project is the
connection between irrigation practices acrosy#liey and stream flow in the Ruby River. To
answer questions regarding Ruby River flows, thel@hwas set up to at a large scale. The
model cells are 100x100 m and stream and ditclufesitare calibrated at reach scales of several
thousand feet to several miles. In developingtloelel at this large scale, an ability to simulate
small scale hydrologic process is lost and the rhecalenot accurately predict groundwater levels
or stream interaction which occurs on smaller scakor example, the model as set up is
inappropriate to use to simulate the annual hy@qolgin a single well, and the model will not
accurately predict changes in stream gain alorexaos of stream less than one mile in length.
Despite these issues related to scale, the MODFIaD8VSTR1 modeling code used are highly
scalable, meaning the code can be applied to stalkk issues such as field-scale irrigation loss
and return flow or to basin-scale problems. Howgthee data required for a field-scale model
would be of a much higher resolution than that lalée in the LRVGMP.

As discussed in section 2.1.1, other studies haveessfully applied MODFLOW to evaluate
surface water-groundwater interactions at the bssate. The critical factor in the Ruby Model
and these other studies is developing and califgyaétie model with appropriate methods to
answer questions at the scale of the alluvial baideled. Given the ability to apply the model
code at a wide range of scales, the prospectsi@ldping conjunctive surface-groundwater
models for other alluvial basins in Montana areifpas

4.2 Minimum Data Requirements
The Ruby Model applies MODFLOW and the STR1 packagemulate groundwater-surface
water interactions in an alluvial basin in whichesims, the valley river, and irrigation features
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have identified and measureable hydraulic connedatith the groundwater system. The
following discussion identifies the minimum datgueements for modeling other alluvial
basins in Montana and does not apply to modeliniydak or confined groundwater systems.

Minimum data requirements for modeling other Moatafiuvial basins using MODFLOW and
the STR1 or similar streamflow-routing packagesanalar to that used in the Ruby Model.
Anderson and Woessnher (1992) is a good referemagefeeral data needs to develop first a
conceptual model and then a computer model of angiwater system. These generalized needs
for groundwater modeling are not all repeated hémsetead, emphasis in this discussion is
placed on those data needs particular to modelognglwater-surface water interactions in the
alluvial basins of Montana.

Head

Head measurements are typically measured as siaiiér levels in piezometers or wells. Head
measurements distributed throughout the modeledarenecessary to determine the elevation
of the water table and its proximity to the landface and to surface water features as well as to
calibrate the modeled flow-field. The spatial disition of head measurements should ideally
be chosen to provide modetail in those aquifers which are hydraulicalbyoected to

important surface water features and in those tregtsmissivity aquifers which convey the bulk
of groundwater flow. The higher transmissivity ders in Montana tend to be Quaternary
alluvial sediments which form the floodplains aradleys of modern streams. In some settings
in Montana including the Ruby Valley, coarser-geaiTertiary sediments also have high
transmissivity, often owing to their great thickeedVhat this means in practice is that it is
important that wells are available for static waésel measurement in surficial aquifers near
significant surface water features in a basin.s8eal water level measurements over a one year
time frame are useful for calibration of the moateseasonal changes in elevation of the water
table so as to capture effects on stream-groundwgtaulics.

Groundwater-surface water flux

Flux data needed to calibrate a basin groundwaidace water model includes synoptic flows
on streams, rivers, and springs as well as irogatvater conveyance features. These flux
measurements are critical for calibration of strechange in the model. Flux measurements
also provide more useful constraints for calibmaid groundwater flux than do head
measurements. This owes to the concept that headurements alone do not provide unique
constraints on groundwater flux because headusetibn of both recharge and K, and estimates
of these typically include considerable uncertairfépr these reasons field data for a
groundwater-surface water interaction model sheuighhasize collecting synoptic flux
measurements.

Future modeling efforts would benefit from targegtitux measurements on those surface water
features which are likely to have the greatest argk with the groundwater system. In typical
settings in the alluvial basins of Montana thisuiegs synoptic flux measurements on major
irrigation canals or ditches, sloughs, creeks &edvalley river. Water loss from irrigation
ditches can be discussed with local water usegettinformation regarding where the greatest
water losses occur; these areas can then be t@fgeteynoptic seepage measurement and
compared with other measured seepage in the stedy &rigation water users commonly
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describe that ditches tend to lose the most watenwhey are initially turned on in the spring.
If time or budgets allow for only one set of syriopheasurements to be taken on ditches,
measurement should be made far enough into tigation season that loss from a particular
ditch has begun to stabilize. Although multipleaptic flow measurements may be useful to
describe how ditch loss changes as a functiomd,tit would generally be preferred to have
measurements from additional ditches than to havépte measurements from the same ditch
to provide better spatial coverage to the calibratlata.

Where the model is developed to predict flow inaganvalley river, synoptic flows should be
taken along as much of the river as possible. Daltacted for the Ruby Model includes flow
measurement of major valley sloughs that are fegpoyng flow. These sloughs represent a
major component of groundwater discharge to surfeater in the Ruby Valley and this is
expected to be the case in other major river sysiarBouthwest Montana.

Seasonal synoptic seepage data would be bendbtciamhportant natural surface water features
in the modeled area. Streambed seepage will oftange as a function of stream stage and
water table elevation. Seepage estimates forrdiftdimes, for instance summer and winter,
would help to compare seasonal changes in streaomgwater exchange and would add an
additional calibration constraint during model depenent.

Streamflow

Gaging data for streams and rivers which enterntbdeled alluvial basin are necessary to
provide inflow to the STR1 features in the mod€bntinuous streamflow records may not be
necessary because streamflow will be attributesiliB1 by modeled stress period. Therefore,
streamflow records should be sufficient to assigepsiesentative streamflow to each stress
period. The delineation of stress periods wilspecific to the model according to the types of
stresses operating on the groundwater system amtgydar basin. The Ruby Model makes use
of 4 or 5 stress periods for streamflow to geneedlhe seasonal hydrograph for individual
creeks and the Ruby River. The stress periodsariRuby Model are designed to capture the
important components of spring runoff as well gsdgl baseflow from late summer through the
winter. In delineating the stress periods forRuby Model, from 2-14 gage measurements per
stream per year were used to assign stress péoiedd mountain streams, whereas continuous
flow gaging was available from USGS for the RubydRi Generally, more flow estimates are
needed to adequately describe more complex hydsbgraln developing the Ruby Model, flow
estimates were necessary even for very small cregkglow on the order of %2 cfs because
these streams provide important sources of groutaiwecharge and control the water table
elevation in the vicinity of the stream.

Irrigated field loss

Estimates of irrigated field loss are necessamaadel any alluvial basin where irrigation is
widespread or where irrigation is a significant gament of the basin groundwater budget. For
instance, in the Ruby Model, irrigated field lossmtributes 38% of the annual inflows to the
groundwater system. In the Ruby Model, estimatesigated field loss were derived using
NRCS Farm Irrigation Rating Index software to cédtel the average irrigation efficiency of
common soil types in the Lower Ruby Valley. Otkerdies, such as Uthman and Beck (1998),
use assumed irrigation efficiency values. Ideabtjimates of irrigated field loss would be

9/30/2008 74



RVCD Groundwater Modeling Report

derived based on local conditions including salspe, and knowledge of typical irrigation
water management for an area.

Groundwater use

Major groundwater withdrawals should be determifoech modeled area. Water rights on
record with Montana DNRC can be used to estimaiargiwater pumping from high yield wells
including municipal sources. In the instance @f lpeld individual household and stock wells,
appropriations up to 35 gpm/10 acft/yr are permdittader a DNRC Groundwater Certificate.
These individual well uses are difficult to quapntifecause holders of a Groundwater Certificate
often do not pump the maximum rate and volume atbwAdditionally, much of the water use
for domestic purposes is returned via a septiesysts described in section 2.3.1 in the
description of boundary condition changes for thledévision predictive scenarios. In areas such
as the Ruby Valley where population is rural anarse it is likely reasonable to assume that
individual domestic pumping has an insignificarieef on the groundwater system water
budget. In areas of denser rural development, degl available from the Montana Bureau of
Mines and Geology Groundwater Information CenteBz GWIC) may be used to locate
individual wells in a model. Assumptions woulddii have to be made as to how much
consumptive use occurs from the individual domestid stock wells in the GWIC database. In
practice, the exclusion of individual domestic wdliom a model may not adversely affect the
predictive capabilities of the model because theciple of superposition (Reilly et al., 1987)
applies and new stresses to the model would beatetyisimulated. Instead, exclusion of
individual domestic and stock wells would only atféhe assignment of outflows in modeled
water balance.

Hydraulic properties and aquifer thickness

Field methods for determining aquifer propertiegehaeen widely published. However, field
methods typically rely on drilling, logging, andwafgr testing of wells. At the basin scale,
exhaustive drilling and testing of the numerousmeedtary environments present, both shallow
and deeply buried, could easily cost millions oflas. Alternatively, aquifer lithology can be
evaluated by reviewing the driller’'s logs availalridhe GWIC database. Deeper wells may
allow aquifer thickness to be determined. Howeggisting wells that penetrate through
surficial aquifer are rare owing to the fact thatiie are typically only drilled deep enough to
supply the required yield of water.

In the LRVGMP costs were lowered by restricting iégyuesting to existing wells. Existing
wells were tested in different aquifers, to chageige different sedimentary lithologies, in order
to provide data on the differences in hydraulicpgmties between the aquifers. This testing of
existing wells had both benefits and drawbackse Bénefits include that costs were within the
project budget and that the aquifer testing doesige information valuable for characterizing
the general layout of high and low transmissiviquigers. However, in a few circumstances the
values of transmissivity calculated were too lowtfte geologic setting and appeared to be
related to the completion of wells in lower permigbstrata or to well construction techniques.
Using existing wells required that only those wellsich were not currently plumbed to pressure
tanks be used. Several of those wells selecteddaifer testing were essentially abandoned
well casings and these wells may have been abaddmoause of their poor performance. lItis
also difficult to get an accurate portrayal of bwék hydraulic properties of heterogeneous
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sedimentary deposits when wells are typically catgal in thin stratigraphic layers which
produce sufficient water for the well owners neebfslight of these drawbacks, hydraulic
properties for the Ruby Model were estimated based combination of sources including
driller’s logs of formations encountered, aquifesting, and published literature on typical
hydraulic conductivity of sedimentary lithologieK.is anticipated that other alluvial basin
models in Montana, unless developed for a basictwhas been highly studied, will rely on
similar techniques. Additionally, the tighter ctnasnts are on groundwater recharge (from
irrigation and surface water loss) and groundwdischarge (stream gains, ET, and spring
flows) the more accurate the calibrated valuesydféwlic conductivity in the model will be.

Values of storativity are typically measured by iéeputesting using observation wells.

However, these storativity calculations are notaslg error prone. In the Ruby Model,
storativity for the surficial unconfined aquiferasvestimated using published values. Accurate
characterization of the distribution of effectiverpsity and specific yield is more critical when a
model will be used to simulate chemical transpanes or the transient response to new
boundary stresses such as the expansion of a pgrogne of depression. In the Ruby Model
the objective is to predict the long-term equiltecheffects of water management change and
therefore errors due to uncertainty in the stoitgtare less likely to affect the model predictions
Accurate storativity values may be more criticalewhransient water level fluctuations effect
groundwater-stream interactions such as wheressmsabwater table rise increases spring
discharge. In these cases, calibrating speciéltly(iS) to the seasonal hydrograph of wells near
hydraulically connected surface features wouldrbeféective way to determine appropriate
storativity values. Values of specific storage (8r confined aquifers can be estimated using
published values. In the case of confined aquifansertainty in storativity is less likely to

affect transient groundwater-stream hydraulics.
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5.0RECOMMENDATIONS

The Ruby Model is adaptable to answering additiamal new problems related to water
management in the Lower Ruby Valley. In additioméw uses, model predictive capabilities
will benefit from additional model calibration dedad validation. The items listed below are
recommendations for collection of additional datd potential future uses of the model.

1. Collection of additional flux data on the Ruby Riabove Harrington Bridge: River
stage data available during model calibration watsunusable due to a lack of control of
inflows and outflows and accurate stream-groundmetehange data is not available for
the Ruby River above Harrington Bridge. The calilan of modeled groundwater
exchange is uncertain in the Ruby River above Hgton Bridge. Synoptic flow
measurements and additional model calibrationdsmenended for this area. This
calibration data will be especially useful if thedel will be used to make seepage and
flow predictions for specific river reaches abovartihgton Bridge.

2. Calibration of the model ET boundary: Calibratmfrmodel ET would improve the
certainty of predictive simulations and modeledexdtalances. The modeling software
used is not programmed to output an array of sitedl&T magnitude. However, the
software does output net recharge (recharge minudated ET). Either programming
MODFLOW to output an ET array or calculating ET mégde from the net recharge
array by subtracting the recharge array would gl®an additional calibration target.
The resulting ET array should be compared to estisnaf ET magnitude and spatial
distribution derived from satellite vegetation greess indices (e.g.: Kondoh and
Higuchi, 2001; Nagler et al., 2005), color airphgtor ET modeling results.

3. Wellhead protection: New public water supplies inrithna are required to submit a
Source Water Protection Plan (SWPP) to DEQ. Foumpiwater sources, one
component of a SWPP is the delineation of groundmwiaw to a well. Groundwater
travel time may also be used to evaluate potehéiahrds to the water supply within an
inventory zone. The Ruby Model can be used foluatmg the hydrogeologic setting of
new public groundwater supplies, delineating hamardntory zones, and source water
protection areas. Additional site specific caltlma of effective porosity and specific
yield (§) would aid in simulating accurate groundwater egjoand contaminant travel
times.

4. Septic density and water quality issues: Nutrieatling associated with increased septic
system density may adversely impact groundwatelityua he Ruby Model can be
adapted to simulate chemical transport, includinient loading. Modeling nutrient
loading in such a manner would allow regulatorynpliag or zoning to incorporate the
impacts of septic system density into land userpfen The Ruby Model as used in this
report models all surficial aquifers as one modgét. Use of the Ruby Model to
accurately model chemical concentrations at thiesezcessary for land use planning
would likely require layer one of the model to leparated into additional discrete layers.
This additional discretization of layer one is resay to accurately simulate vertical
dispersion and resulting chemical concentratiohdditional site specific calibration of
effective porosity and specific yield,(Svould aid in simulating accurate groundwater
velocity and chemical advection and dispersion.

5. Modeling of climate variability: The Ruby Model applied to predictive simulations in
this report uses 2002-2003 hydrologic and climatedd¢ions. The model is adaptable to
simulating the effects of different hydrologic aclinate regimes. Possible applications
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include modeling the effects of earlier snowmeitaf, prolonged drought, and higher
ET rates as part of a warming climate predictivensecio. Evaluation of the potential for
climate variability to impact water resources woalldw agricultural producers and
water managers to develop informed plans for dgaliith drought or earlier snowmelt.

6. Site specific calibration: Application of the Rubodel to evaluate potential impacts
from site specific management changes (i.e.: alaupdivision or field-scale irrigation
efficiency improvements) would benefit from additad calibration data specific to the
proposed management change. Predictions regatreffects of water management
change on surface water flows would benefit fromitohal calibration data for
potentially effected surface waters. For instaaceljitional synoptic flow data for a
creek which is local to a proposed large subdivisiould aid in making reliable
predictions about how new consumptive groundwageswvould affect flow in the creek.
Where changes in irrigation practices are to béuewad, site specific calibration data on
the current management of irrigation water for @cHc area (field-scale water use and
timing) would increase the reliability of prediati® regarding how irrigation efficiency
improvements would affect groundwater and surfaaeenflows. Likewise, if specific
canal or ditch loss improvement is to be evaluagedijtional synoptic flow
measurements along affected sections of the ditalidimprove the reliability of
predictions regarding potential lining projects. these examples as well as other
potential model applications, there is a need uate which additional calibration data
would provide the greatest constraints on modglaese given the site specific
application.
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