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1.0 INTRODUCTION  
Wise long term management of water resources in the Lower Ruby Valley requires an 
understanding of how changes in land and water use will affect water supplies.  Irrigation 
currently supplies the majority of recharge to groundwater in the Lower Ruby Valley.  Ruby 
Valley groundwater contributes baseflow to streams, springs, and the Ruby River and as such 
supports important fisheries, additional irrigators, and aquatic habitats.  Discharge from the 
valley groundwater system also supports a wide riparian belt in the Ruby Valley bottomlands 
which is significant for its abundant wildlife and waterfowl.   
 
The Ruby Valley Conservation District (RVCD) and the Ruby Watershed Council (RWC) 
recognize the value and importance of characterizing, understanding and developing a long term 
plan that protects and maintains the quality and quantity of the ground and surface water 
resources of the Ruby Valley.  The Lower Ruby Valley Groundwater Management Plan 
(LRVGMP) (KirK Environmental, 2004) was created for this purpose.  Volume I of the 
management plan characterizes water resources in the Lower Ruby Valley and makes 
recommendations for management of water resources.  Volume II is a data report which presents 
a large field measured database of stream flows, groundwater hydraulics, and irrigation 
efficiency.  The analysis in Volumes I and II of the LRVGMP indicated a need to better 
understand and quantify groundwater and surface water in the Lower Ruby Valley using state of 
the art computer modeling tools.  This report, which is intended to serve as Volume III of the 
LRVGMP, presents the results of this modeling.  This modeling project was funded by a 
Montana Department of Environmental Quality (DEQ) Nonpoint Source Program 319 Grant for 
groundwater awarded to the RVCD.  The RVCD contracted with KirK Engineering & Natural 
Resources, Inc. (formerly KirK Environmental) to provide the modeling and reporting for this 
project.  Responsibilities of DEQ over the course of the project included coordination and 
QA/QC of all project deliverables and final verification and approval of all data and reports.   
 
The Ruby Groundwater/Surface Water Interaction Modeling Project was undertaken with the 
purpose of using the available water resource data collected for the LRVGMP to create a 
computer model of the Ruby Valley groundwater system which simulates surface water flow.  
This model is intended to answer technical questions and test assumptions regarding the water 
balance for the Lower Ruby Valley that otherwise are not well understood.  The model is also 
intended to provide predictive insight into how changes in water management will potentially 
affect flow in critical surface water features, such as the Ruby River and larger tributaries.  In 
this, the model can be used by water resource managers and water users alike to make informed, 
science based decisions to develop long-range strategies for managing the water resources in the 
Ruby Watershed.  The model also provides an educational venue which indicates the hydrologic 
implications of land and water management change and illustrates how government agencies and 
water users can utilize the information for planning in Montana. 
 
The purpose and objectives of this project can be summarized as follows: 

1. Use the data in the LRVGMP to create a groundwater flow model that will predict the 
changes in water resources from water management modification in the watershed. 

2. Further the understanding of how water management in the Ruby Valley affects the 
groundwater system, regional groundwater discharge, surface water flows, and riparian 
zones. 
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3. Provide a comprehensive water balance. 
4. Quantify irrigation groundwater return flows (surface water gains due to inefficient 

irrigation practices) and evaluate how critical return flows are to surface water flows. 
5. Simulate different conditions, scenarios and/or potential changes in water and land uses 

(e.g., improved irrigation efficiency, new groundwater development, changes in irrigation 
water routing, increased growth, canal lining, etc.) and predict the overall water resource 
implications of these changes (including effects of surface water and groundwater 
interactions). 

6. Develop a GIS database of modeled groundwater and surface water features. 
7. Provide an educational venue that will illustrate the hydrologic implications of changes in 

land or water use and better describe to the citizens of the Lower Ruby Valley, as well as 
other locations in Montana, how resource managers and water users can utilize this 
information for development planning and water use planning. 

 
The Ruby Model is constructed to be capable of describing the broad implications of large-scale 
water management changes in the valley.  The RWC, with input from other water users groups, 
chose several possible future scenarios for predictive modeling in which water management 
changes or new water use were incurred.  The results presented in this report investigate how 
changes in irrigation water use and efficiency as well as the occurrence of increased groundwater 
development would affect flows in the Ruby River and associated sloughs on the Ruby River 
floodplain. 
 
Specific water management scenarios modeled are: 

1. Major irrigation efficiency improvement: conversion of all current flood irrigated field to 
center pivot combined with lining of the Vigilante and West Bench Canals. 

2. Major new groundwater development: An additional 14,500 acre feet per year of 
consumptive groundwater use from 9 large wells (each with 1,000 gallons per minute 
flow). 

3. Canal lining only. 
4. Construction of recreational fish ponds: 70 ponds which evaporate the maximum volume 

allowed by the Montana Department of Natural Resources and Conservation (DNRC) for 
new exempt groundwater use (10 acre feet per year each). 

5. Large subdivision on former dry land agriculture lands: 850 lots with ¾ acre of lawn. 
6. Large subdivision on former flood irrigated fields: 850 lots with ¾ acre of lawn. 

 
The resulting impacts to stream flow and groundwater levels are presented in context of how 
irrigators, aquatic resources, and wetland habitats which 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 development of the MODFLOW 
computer model.  This section is technical in detail and is intended for persons interested in 
model parameterization and execution.  This section also presents an evaluation of model 
calibration and uncertainty.  Parameter and boundary changes 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.  This section also explores the results of running 
the model for the six water management scenarios.  The effects of water management changes on 
Ruby River flows are presented.  This section is less technical and is the place that people who 
are not hydrogeology or model experts can read about the results 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 other Montana watersheds.  This section describes 
likely data needs and recommendations for additional groundwater/surface water modeling 
efforts in Montana. 
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2.0 MODEL DESCRIPTION  
The numerical groundwater modeling used for this project simulates groundwater flow and the 
interaction between groundwater and streams, rivers, and irrigation canals and ditches.  The 
model is developed using data which describes aquifer geometry, hydraulic properties, water 
levels, precipitation, irrigation return flow, land surface and streambed elevation, flows and 
seepage from streams, ditches, and the Ruby River.  This section describes the data used to 
parameterize the model, model time discretization, calibration, validation, the current water 
balance, and parameter sensitivity.  Section 2.1 described the model as parameterized and 
calibrated to the existing conditions data available from the period April 2002 to June 2003.  
Section 2.2 describes calibration, validation, and sensitivity to parameterization of the current 
conditions model.  Section 2.3 describes predictive model runs. 
 
Units of Measurement 
Mixed units of measurement were used in model development because existing data sources 
available use both metric and English systems.  In this report units of length are given in meter 
(m), centimeter (cm), and feet (ft).  Units of hydraulic conductivity (K) are given in feet per day 
(ft/d).  Specific storage (Ss) is given in units per meter (1/m).  Volume of water is given in acre 
feet (acft).  One dimensional flux of water such as rainfall and aerial recharge is given in inches 
per year (in/yr) and millimeters per year (mm/yr).  Otherwise, water flux is given in cubic meters 
per year (m3/yr), acre feet per year (acft/yr), gallons per minute (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 Hydrogeologic, Inc. was used for all modeling.  
MODFLOW (Harbaugh et al., 2000) is one of the most widely used groundwater flow codes in 
the world and has been in public use since 1988.  The Streamflow-Routing Package (STR1) 
provided for MODFLOW by USGS (Prudic, 1989) was used with Visual MODFLOW to 
simulate seepage and flow in all natural surface water features.  There are many examples of 
successful applications of MODFLOW similar to the use for this project.  For example, Uthman 
and Beck (1998) use MODFLOW to evaluate the potential impacts of increased groundwater 
withdrawals, drought, and irrigation efficiency changes in the upper Beaverhead basin.  McAda 
and Barroll (2002) use MODFLOW to quantify groundwater and surface water interactions in 
the Middle Rio Grande Basin of New Mexico.  Prudic and Herman (1996) use MODFLOW 
combined with the STR1 package to simulate the effects of groundwater development in the 
Paradise Valley of Nevada. 
 
MODFLOW is highly adaptable to answering a variety of groundwater and surface water 
problems.  In addition to surface water flow gain analysis performed during this project, the 
calibrated/validated model is available to managers for further calibration, refinement, and use to 
investigate solute transport using MODPATH particle tracking package developed by USGS and 
MT3D and RT3D solute and reactive solute transport packages developed by EPA. 
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2.1.2 Model Domain, Aquifer Delineation, Grid Elevation 
The model grid includes 400 columns and 150 rows of square 100 x 100 meter cells.  The grid 
includes 3 layers.  The active part of the model grid is shown in figure 2.1.2-1.  In this figure, the 
different colored cells represent different K zones in the various aquifers, the blue lines are 
stream and river features simulated in which stream flow is explicitly modeled, and the white 
lines are the groundwater head equipotential surface with a 50 ft contour interval.  The colored K 
zones in the figure correspond to the K zones and aquifers shown in figure 2.1.3-1 and 2.1.3-2 
and described in further detail in the hydraulic properties section below. 
 
The model domain includes only those aquifers in the Lower Ruby Valley basin-fill alluvium.  
The GIS shapefile of the basin fill aquifer aquifer_map_basinfill.shp was used to delineate the 
active area of the MODFLOW grid.  This shapefile was created during the initial phase of the 
LRVGMP and is based in part on the lithologic contacts of the USGS Dillon 1º x 2º geologic 
map (Ruppel et al., 1993).  Delineation of the basin fill aquifer varies from these geologic 
contacts based on information derived in volume II of the LRVGMP.  Air photos were used to 
correct many of the boundaries between different basin fill aquifers where a higher resolution 
was needed than the 1:250,000 USGS geologic contacts provide. 
 

 
Figure 2.1.2-1: The Ruby Model looking up valley towards the southeast. 
 
Where bedrock and alluvial geologic contacts meet along the mountain front, the basin fill 
aquifer is delineated so that it does not include the thin veneer of alluvial material that often 
exists.  In this, the delineation of the basin fill alluvium is designed to include only those 
sedimentary formations that are both deep enough and spatially extensive so as to support an 
aquifer.  Exceptions to this are where the valley margin canals are situated on a thin veneer of 
unconsolidated material on bedrock.  It was necessary to include these areas in the model to 
simulate recharge from the canals in the model.  Aquifer boundaries were slightly adjusted 
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during model calibration as discussed under the hydraulic properties section below.  The original 
basin fill aquifer map and the final calibrated K zones for layer 1 are shown in figure 2.1.3-1. 
 
The delineation of model layers and property zones within the aquifers is based on 
hydrostratigraphic units, defined as geologic units grouped on the basis of similar hydraulic 
conductivity (Fetter, 1994).  Layer 1 includes the primary Quaternary and Tertiary alluvial 
aquifers in the valley, which are generally unconfined to semi-confined.  Layers 2 represents 
deeper Tertiary basin fill sediments that have moderately low K and in which a few of the deeper 
wells in valley are completed.  Layer 3 represents the deepest of the Tertiary sediments in which 
no wells have been drilled and little direct information on hydraulic properties and lithology is 
available. 
 
USGS 30 meter resolution DEM data was used to assign the elevation of the ground surface in 
Visual MODFLOW using an inverse distance weighted (IDW) interpolation using default 
settings.   
 
The thickness of layer 1 (table 2.1.2-1) was assigned by interpolating a representative thickness 
of each aquifer using IDW.  Layer 1 aquifer delineation is shown in figure 2.1.3-1.  The IDW 
interpolation creates a smoothed transition at the boundary of thicker and thinner aquifers.  Layer 
1 aquifer thickness was determined by reviewing well log lithology and well completion depths 
for the Sheridan Fan and Alder aquifers.  The thickness of the Sheridan Fan aquifer includes 
surficial Quaternary alluvium and higher transmissivity Tertiary sediments at relatively shallow 
depths.  The thickness of the Alder Gulch Floodplain aquifer includes only the high K surficial 
Quaternary sediments.  The thickness of the Indian Creek Landslide aquifer includes the 
relatively low K Quaternary sediments and was adjusted during model calibration to account for 
the deeper water table in this area compared to the surrounding Sheridan Fan aquifer. 
 

Aquifer name 

Layer 1 
thickness 

(m) 

Alder 11 

East Bench 200 

Greenhorn Tertiary 200 
Indian Creek 
Landslide 50 

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 Floodplain aquifer are in the 40 m depth range and do not 
appear to intercept Tertiary sediments.  Therefore, the 100 m thickness of the Ruby Floodplain 
aquifer is estimated based on this minimum thickness and may include Quaternary alluvium as 
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well as underlying Tertiary sediments.  All surficial Tertiary aquifers and the West Bench Fan 
aquifer in layer 1 were assigned a 200 m thickness to accommodate the deep water tables 
present.  The Tobacco Root Fan aquifer in exhibit 12 of volume II of the LRVGMP is shown as a 
Quaternary deposit.  On further interpretation of well logs for the Tobacco Root Fans aquifer it 
was determined that the water bearing formations are buried 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 below ground surface throughout the model 
domain.  The bottom of layer 3 was set equal to 500 m below ground surface.  To provide a more 
accurate 3-dimensional representation of the basin fill, the basin inversion gravity model of the 
Lower Ruby Valley provided in volume II of the LRVGMP was used to contour depth to 
bedrock.  The depth to bedrock contours were used to designate as inactive areas of layer 3 
corresponding to bedrock.  
 
2.1.3 Hydraulic Properties 
Layer 1 is modeled as an unconfined aquifer.  Layers 2 and 3 are modeled as confined with 
constant S and T.  Final property zones are described in this section, while the calibration process 
is described in section 2.2. 
 
Initial estimates of hydraulic conductivity, K, were parameterized for the basin fill aquifers in 
table 2.1.2-1 based on aquifer test results and published values presented in volume II of the 
LRVGMP.  Final K values were determined during model calibration. 
 
Calibrated K zones in layer 1 are shown in figure 2.1.3-1.  K zones in layer 2 are shown in figure 
2.1.3-2.  Kx (horizontal K) in layer 3 is 0.5 ft/d and Kz (vertical K) is 0.05 ft/d across the model 
domain.  Kx is equal to Ky (horizontal K) in all layers.  Kz was set to 1/10 of Kx except in cases 
where model calibration indicated a different and reasonable vertical anisotropy. 
 
Specific yield (Sy) was set at 0.25 across layer 1 of the model, a value which is representative of 
gravelly sand according to tables in Fetter (1994).  This value of Sy is also a reasonable 
approximation of other sedimentary lithologies, including silt and sandstone, present in the 
surficial aquifers of the Ruby Valley (Morris and Johnson, 1967).  An Ss value of 3.28x10-6/m 
was determined to be appropriate for the MODFLOW model of the upper Beaverhead basin 
based on aquifer testing (Uthman and Beck, 1998).  No Ss data is available from direct testing of 
the confined aquifers in the Lower Ruby Valley.  Specific storage, Ss was set at 3.28x10-6/m for 
all layers with the exception of the East Bench aquifer in layer 1 which was set at 8.9x10-7/m.  
The values of Ss used are within the range of suggested estimates of storage coefficients 
suggested in Driscoll (1986). 
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Figure 2.1.3-1: Layer 1 aquifer delineation and hydraulic conductivities. 



RVCD Groundwater Modeling Report 

9/30/2008 Final 12 

 
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 to refine model input parameters and boundaries 
enough that the model would converge and to develop a basin-wide head array for initial 
conditions for the first transient model runs.  The model was then run in transient mode for all 
calibration, validation, and predictive simulations to capture seasonal boundary stresses.   
 
The various boundary stresses to the modeled hydrogeologic system in the Ruby Model 
(recharge, ditch, stream and river flows, evapotranspiration (ET), well pumping and injection, 
and one constant head boundary) are assigned to various stress periods.  The stress periods were 
assigned to approximate the variations in boundary stress, such as stream flow, while also 
keeping the number of stress periods reasonable to work with.  This results in a compromise in 
which gradual variations in boundary stress are not explicitly modeled.  For instance, stream 
flow is modeled as punctuated, not an actual continuous daily hydrograph. 
 
All model stress periods as well as those stresses altered during each stress period are shown in 
table 2.1.4-1.  The transient model runs in a 4-year simulation.  Periods of time longer than 4 
years are simulated by multiple model runs.  The assignment of various stress types is described 
further below.  Values for all stresses used in the model are presented in the spreadsheet 
stress_periods_and_boundary_conditions.xls which is provided in the CD appendix. 
 
Ten time steps per stress period were assigned with a time step multiplier of 1.2.  The time step 
multiplier increases proportionally the length of each time step resulting in shorter model steps 
during the beginning of a stress period, allowing the model to better resolve the effects of the 
changing boundary stress. 
 
Initial Conditions 
The model uses dynamic cyclic initial conditions wherein the initial heads prior to each model 
run are the result of the head distribution at the end of a preceding 4-year transient run.  In 
addition to the initial heads, the model cycles through a 2-year spinup period (stress periods 1 
through 14 in table 2.1.4-1) at the beginning of each model run where in boundary stresses from 
the calibration period are used.  This spinup period allows the model to adjust for 2 years to 
parameter or boundary changes prior to the model recording any calibration data.  Where 
boundary stresses or parameter changes are significant enough that the model does not reach a 
new dynamic equilibrium during the 2-year spinup period, the model is run as many additional 
times as necessary until dynamic water levels have reached a new equilibrium. 
 
Recharge 
Aerial recharge is simulated in the model from aerial precipitation, irrigated field loss and from 
mountain front recharge.  Both aerial precipitation infiltration recharge and mountain front 
recharge were determined from the study of diffuse mountain recharge in the Tobacco Root 
Mountains presented in Magruder (2006).  The paired mountain climate and ecosystem modeling 
in Magruder (2006) was used to develop the precipitation-soil water outflow curve shown in 
figure 2.1.4-1.  This soil water outflow curve was used to delineate spatially variable aerial 
recharge from precipitation by using the PRISM annual precipitation GIS coverage (Oregon 
Climate Services, 1998). 
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Stress 
Period Start Date 

Model 
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 
Indian Creek flow, ET, irrigation ditches and fields 
off. 

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 
Indian Creek flow, ET, irrigation ditches and fields 
off. 

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 
Indian Creek flow, ET, irrigation ditches and fields 
off. 

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. 

28 10/15/2003 1288 
Indian Creek flow, ET, irrigation ditches and fields 
off. 

28 (end) 4/4/2004 1460 Model end day. 

Table 2.1.4-1: Model stress periods. 
 
Irrigated field loss was modeled using NRCS (2003) Farm Irrigation Rating Index software to 
calculate the average irrigation efficiency of Amesha loam, Crago gravelly loam, and Kalsted 
sandy loam soil types in the Lower Ruby Valley (NRCS, 1989).  In this, the average efficiency 
of each irrigation practice type for these three common soil types was used in determining 
recharge rates.  The modeled annual irrigation loss by irrigation type is shown in table 2.1.4-2.  
The irrigation map provided in volume I was used to parameterize irrigation field loss recharge 
in the model.  The irrigation recharge parameterization assumes that all areas under a given 
irrigation type receive the same amount of water every year.  It was not possible with the data 
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available to identify field specific irrigation water application because it is dependent on the 
seniority of water rights and daily stream flow.  Aerial precipitation recharge was applied to 
irrigated fields in addition to the modeled field loss.  The combined aerial precipitation and 
irrigation field loss in mm/yr is provided in the GIS shapefile recharge_composite.shp. 
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Figure 2.1.4-1: Precipitation – recharge relationship. 
 
Present irrigation practices field mapped spring 2003.       

Irrigation type Acres 

Average 
efficiency 

(1) 

Annual 
crop water 
use (ft) (2) 

Annual 
irrigation 

requirement (ft) 

Annual 
irrigation 
loss (ft) 

Irrigation loss 
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 annual water loss. 
 
Mountain front recharge for the Sheridan Fan aquifer and Ramshorn Creek drainage is provided 
in Magruder (2006).  The magnitude of mountain front recharge determined in that study for the 
southwest portion of the Tobacco Root Mountains is consistent with other published values for 
similar geologic and climatic settings (i.e.: Feth et al., 1966; Huntley, 1979; Manning et al., 
2005).  To approximate mountain front recharge for the other areas of the Ruby Valley margin, 
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the recharge determined for the Ramshorn Creek area was expressed as a percentage of annual 
precipitation and this recharge coefficient was applied to the other mountain front areas 
(Tobacco Root fans, Greenhorn and West Bench).  To accomplish this, the PRISM annual 
precipitation map was divided into distinct areas representing the Tobacco Root Fans, Alder 
Gulch, Greenhorn Range, and West Bench.  The annual precipitation flux over the mountain 
areas above the Tobacco Root Fans, Greenhorn Range, and West Bench was multiplied by the 
recharge coefficient to arrive at the mountain front recharge rate.  Mountain front recharge was 
not applied to the Alder Gulch drainage because this drainage constitutes a small fraction of the 
margin of the Lower Ruby Valley and it was assumed that all recharge occurring in Alder Gulch 
is expressed as either surface flow or focused recharge in Alder Gulch alluvium. 
 
Mountain front recharge was further divided into diffuse recharge along the bedrock margin and 
focused alluvial underflow recharge where significant mountain stream valleys enter the basin.  
Alluvial underflow was estimated by Darcy flux calculations for the stream valley alluvium 
(table 2.1.4-3).  Alluvial underflow in California Creek and Ramshorn Creek alluvium were 
determined during model calibration, not by the Darcy flux method.  Alluvial underflow in 
Indian Creek is comparatively low because of the low K glacial till in the mouth of this canyon.  
Alluvial underflow recharge to the basin aquifer was simulated by injection wells in the cells 
where mountain stream valleys enter the basin fill.  The total alluvial underflow was subtracted 
from the calculated mountain front recharge and the remaining diffuse mountain front recharge 
was applied as an aerial recharge boundary to cells at the valley margin layer 1.  Diffuse recharge 
rates for these cells are shown in table 2.1.4-4.  These recharge rates range from approximately 
0.07 to 0.17 cfs for each one hectare model cell along the mountain front. 
 

Tributary Name 
Alluvium 
width (ft) 1 Gradient 2 

Alluvium 
depth 
(ft)3 

Area 
(ft 2)4 K (ft/d) 5 

Q 
(m3/d) 

Alder Gulch 750 0.020 36 13,500 230 5 1,732 

Ramshorn Crk - - - - - 44007 

Ruby River 325 0.007 45 7,313 130 6 178 

Mill Crk 500 0.063 45 11,250 600 6 12,112 

Indian Crk 333 0.165 30 4,995 1 6 23 

Wisconsin Crk 225 0.079 30 3,375 600 6 4,505 

California Crk - - - - - 8007 

1- Airphoto used for measurement.       
Total 

Underflow  23,750 
2- Assumed groundwater gradient is equal to USGS DEM valley 
slope. 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 was added during model calibration.  In this case, 
it was determined to be necessary to included modeled irrigation loss on the East Bench to 
correctly model heads and ditch gains in the Lower Ruby Valley (table 2.1.4-4).  Irrigation return 
flow from the irrigated fields on the East Bench adjacent to the Lower Ruby Valley watershed 
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(shown in Exhibit 17 of volume II of the LRVGMP) was applied as aerial recharge at the valley 
margin using irrigated field loss rates calculated using NRCS Farm Irrigation Rating Index (table 
2.1.4-2). 
 

Recharge Zone 
Recharge 
(mm/yr) 

Tobacco Root Fans 13,100 

Greenhorn Tertiary 8,800 

Sheridan Fan 15,600 

West Bench 6,300 

East Bench (lower)1 12,500 

East Bench (upper)1 7,600 

1- applied during irrigaiton season. 

Table 2.1.4-4: Diffuse mountain front and East Bench irrigation return flow recharge rates 
per cell. 
 
Ditches 
Ditch loss is a major source of recharge to alluvial aquifers in the Lower Ruby Valley.  Ditches 
are simulated in the Ruby Model using MODFLOW’s River Package (RVR).  River boundaries 
allow seepage to occur between the simulated ditch and the aquifer based on groundwater levels 
and properties of the modeled ditch.  Originally all ditches were modeled using RVR.  However, 
it was necessary to model several drain ditches (shown in table 2.1.4-6) using the Streamflow-
Routing Package (STR) as described below because STR handles baseflow accretion in gaining 
surface water features more realistically than the RVR Package. 
 
No comprehensive data is available on ditch depths, widths, or elevation and gradient.  All 
ditches were initially parameterized 1 m wide with stage equal to the ground surface, ditch bed 
bottom equal to 0.75 m below ground surface, and ditch bed thickness equal to 0.25 m.  Ditch 
bed K was initially set at 1 ft/d and was adjusted during model calibration.  Ditch width and bed 
thickness were not adjusted during model calibration because varying K effectively changes the 
conductance parameter resulting in the same solution as changing ditch width or bed thickness.  
Final ditch K is shown in table 2.1.4-5.  Several of the larger ditches and the canals were 
parameterized in several segments and are numbered consecutively in table 2.1.4-5 using 
parentheses to differentiate them from ditches whose names include numbers.   
 
During model calibration it was determined that setting ditch stage equal to the ground surface 
did not accurately simulate ditch seepage on the Ruby Floodplain.  Reasons for this may be due 
to the fact that the average ground surface is interpolated to each grid cell and small differences 
in elevation between ditch stage and the shallow water table present in the floodplain aquifer 
leads to significant changes in ditch seepage.  During calibration it was found that assigning 
these ditches by using a linear gradient between the elevations of the ditch headgate and the tail 
end of the ditch resulted in a more accurate representation of seepage.  Ditch end point elevations 
were derived from the USGS DEM.  Ditches are engineered waterways which are designed to 
gradually lose elevation over their course, which supports their assignment using a linear 
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elevation gradient.  It was additionally necessary to adjust the elevation of the stage of the Lewis, 
Sarge Hall, and Bullerdick Hyndman Moulton Ditches to match measured seepage. 
 
Table 2.1.4-5: Ditch calibrated conductivity and elevations. 

Ditch 

Final 
ditch K 

(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 0.5 
reassigned with linear gradient with endpoints 1.5m 
above GS. 

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) 1.5 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 21.8 
reassigned with linear gradient, endpoints 1.1m below 
GS. 

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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Ditch 

Final 
ditch K 

(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 groundwater drains on the Ruby Floodplain were 
simulated using MODFLOW’s Streamflow-Routing Package (STR).  The STR package 
simulates flow connectivity between STR reaches in a stream network as well as seepage 
between surface water and groundwater.  Where tributary streams enter the basin, the STR 
segment is assigned a flow rate which can be varied by stress period.  Where springs serve as 
tributaries to streams, springs are assigned a zero flow rate in the STR segment and are allowed 
to accumulate flow based on groundwater levels and stream conductance.  Modeling springs in 
such a manner is particularly useful for calibrating the model to measured spring flows. 
 
STR is not capable of simulating braided streams because the model code does not handle 
splitting flow between more than one receiving stream segments.  Near Alder, the Ruby River 
braids into Clear Creek and Ruby River channels.  Indian Creek is also split into Left Fork and 
Indian Creek by a permanent diversion.  In these circumstances, the input flow into the upstream 
STR segment was split between the two receiving segments according to available data as shown 
in the spreadsheet stress_periods_and_boundary_conditions.xls contained in the CD appendix.  
Assigning the STR segments in this manner allows the upstream STR segment to exchange water 
with the groundwater system but the resulting surface flow is not delivered to the downstream 
segment and the assumption is made that flows do not change appreciably between the start of 
the upstream segment and the start of the braided segment.  This assumption appears reasonable 
for these two instances because flows do not appear to be change enough to significantly alter 
stream-groundwater exchange. 
 
The Ruby Model makes use of 4 or 5 stress periods for streamflow to generalize the seasonal 
hydrograph for individual creeks and the Ruby River.  The STR stress periods are designed to 
capture spring runoff as well as typical baseflow during late summer through the winter.  In 
delineating the stress periods and inflow rates for STR features, from 2-14 stream gage 
measurements per year were used to assign stress period flow to mountain streams, whereas 
continuous flow gaging was available from USGS for the Ruby River. 
 
STR segment width was assigned based on stream cross-section measurements where available.  
Where cross-sections were not available, stream width was estimated from airphotos or during 
model calibration.  Streambed bottom was assigned 0.75 m below stream stage and a 0.25 m 
streambed thickness was assigned in all cases.  Similar to the ditches, K values were adjusted 
during calibration to compensate for the unknown streambed thickness or error in stream width 
and length within a cell.  Calibrated streambed K is shown in table 2.1.4-6.  Stream stage was 
assigned relative to the ground surface and was adjusted during model calibration to match 
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measured seepage as well as to calibrate the head in observation wells located near STR features 
(STR features which are hydraulically connected to groundwater affect the local water table 
elevation).  Unlike some of the ditch features in the model, streams were not assigned using a 
linear elevation gradient.  Unlike ditches, streams are natural features which follow topography 
which supports basing stream stage on the ground surface elevation. 
 
Table 2.1.4-6: Streambed conductivity for STR features. 

STR Segment 
Final Stream 

K (ft/d)  STR Segment 
Final Stream 

K (ft/d) 

Alder Gulch Tailings branch 1  Ramshorn Crk RV ditch to spring 1 
Alder Gulch tailings branch 
confluence 

1  Ramshorn spring 1 

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 

Alder upper below Anderson drain 23  
Ruby River Harrington to Wheatley 
above Mill Crk 

30 

Anderson drain 1  
Ruby River Harrington to Wheatley 
below Mill Crk 

30 

Bivens Crk 1  Ruby River Laurin to Silver Springs 5 

Cal Crk 0.4  
Ruby River Laurin to Silver Springs 
below Alder Gulch 

5 

Clear Creek 5  
Ruby River Laurin to Silver Springs 
below Bivens Crk 

5 

Indian Crk fan 1  
Ruby River Laurin to Silver Springs 
below Cal Crk 

5 

Indian Crk gage 1  
Ruby River Laurin to Silver Springs 
below Clear Crk 

5 

Jacob Slough above Seyler Ln 10  
Ruby River Laurin to Silver Springs 
below Ramshorn Crk 

20 

Jacob Slough below Seyler Ln 10  
Ruby River Silver Springs to 
Harrington above Sand Crk 

20 

Left Fork 2.2  
Ruby River Silver Springs to 
Harrington below Sand Crk 

20 

Left Fork floodplain 10  
Ruby River Wheatley to Seyler 
above Leonard Slough 

20 

Leonard Slough above Left Fork 
above spring 

20  
Ruby River Wheatley to Seyler 
below Leonard Slough 

15 

Leonard Slough above Left Fork 
below spring 

20  
Sand Creek above Silver Springs 
Rd 

4 

Leonard Slough below Left Fork 
below Wisc 

20  
Sand Creek above Silver Springs 
Rd 2 

4 

Leonard Slough spring 20  
Sand Creek above Silver Springs 
Rd 3 

4 

Leonard Sough below Left Fork 
above Wisc 

20  
Sand Creek below Silver Springs 
Rd 

4 

Mill Crk fan 0.2  Sand Creek spring1 1 
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STR Segment 
Final Stream 

K (ft/d)  STR Segment 
Final Stream 

K (ft/d) 

Mill Crk floodplain1 20  Sand Creek spring2 1 
Mill Crk floodplain2 15  Sand Creek spring3 1 

Mill Crk floodplain3 20  
Stinking Water Slough above 
Seyler 

10 

Mill Crk floodplain4 20  
Stinking Water Slough below 
Seyler Ln 

10 

Mill Crk floodplain ditch to spring1 10  Tash Drain main 20 
Mill Crk floodplain spring1a 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 simulated in the model using MODFLOW’s 
evapotranspiration package (EVT).  The extinction depth, set at 2.1 m, is the value used in the 
DNRC MODFLOW model of the Upper Beaverhead Basin (Uthman and Beck, 1998).  The 
maximum ET rate in the Ruby Model is based on measured meteorology and modeled ET rates 
for alfalfa at the U.S. Department of the Interior (USDI) Bureau of Reclamation Agrimet Station 
Ruby River Valley near Laurin, Montana from 2002.  The ET boundary was placed throughout 
layer 1 to simulate the common occurrence of subirrigation throughout the valley, as well as the 
occurrence of riparian vegetation along streams and ditches.  ET rates are variable according to 
the stress periods defined for irrigation and stream flow. 
 
Constant Head 
Groundwater flow out of the Lower Ruby Valley into the Beaverhead watershed is simulated 
using a constant head boundary.  The constant head boundary was assigned in all model layers 
across the lowest part of the Ruby Floodplain, with head set at 2 m below ground surface during 
all stress periods.  Wells on the lower floodplain have water levels that are approximately 2 m 
below ground surface and which vary on the order of +/- 0.5 m seasonally.  These small seasonal 
changes in water level result from the water table being locally controlled by the myriad of 
surface water features connected to shallow groundwater.  The constant head boundary is also at 
least 1 km down gradient from the nearest part of the model where stream exchange flux or head 
was evaluated.  This distance should diminish the effects of error in the constant head boundary 
on model predictions. This assumption is supported in that flux across the constant head 
boundary varied by less than 0.1% between all current and predictive simulations. 
 
Pumping Wells 
Sheridan’s five municipal water supply wells were added to the model as pumping wells.  DEQ 
Standards for Waterworks require that municipal wells be tested at 1.5 times the design pump 
capacity.  Therefore, these wells were assigned a flow rate of 2/3 of the yield indicated in the well 
logs for these wells.  At the time of the current conditions data set was collected only two 
irrigation wells over 225 gpm were on record with DNRC in the study area.  However, no 
accurate pumping use records were available for these wells and they were not included in the 
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current conditions model.  Based on DNRC water right records, the permitted annual 
appropriation from these two irrigation wells is estimated to be on the order of 1% of the total 
groundwater system flux and it is anticipated that neglecting these wells does not significantly 
affect the evaluation of the current water balance. 
 
Individual domestic and stock wells are not included in the model.  It is assumed due to the rural 
nature of development in the Ruby Valley that individual wells have an insignificant effect on 
the groundwater system.  The potential impacts of domestic well use can be evaluated using 
Census data.  The total population of all 2000 Census blocks that overlap with the area modeled, 
exclusive of Sheridan and Twin Bridges municipal areas is approximately 1,150 persons, or 420 
households at an average household size of 2.5 persons.  According to the same assumptions of 
consumptive groundwater use described under the predictive scenarios in section 2.3.1, 420 
households each with ¾ acre of lawn consume approximately 830 acft of pumped groundwater 
per year, or approximately 0.5% of the total modeled annual flux through the basin groundwater 
system.  The total consumptive use from stock wells is more difficult to estimate, however the 
combined effects of individual domestic and stock wells on the groundwater system are assumed 
to be minimal.  Additionally, the exclusion of individual domestic and stock wells from the 
model is not expected to affect the predictive capabilities 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 available in the LRVGMP as well as well water level 
data available from the Montana Bureau of Mines and Geology Groundwater Information Center 
(MBMG GWIC) database.  The model calibration discussion is divided here into several sections 
to describe in an orderly fashion the steps and rational used in developing the calibrated model.  
Section 2.2.1 describes the data quality ranking used to assign appropriate uses to calibration 
data.  Section 2.2.2 presents actual model calibration methods and results.  Section 2.2.3 presents 
validation results using a split sample of the calibration data.  Section 2.2.4 presents the results of 
a sensitivity test of model parameterization comparing model output with different parameter 
arrays.  Section 2.2.5 presents an evaluation of model calibration and uncertainty based on the 
results of the calibration, validation, and sensitivity testing. 
 
2.2.1 Data Quality Ranking 
The calibration data was categorized by a data quality ranking system developed for this project 
to ensure a good match between data accuracy and its use.  The ranking shown in table 2.2.1-1 
makes use of a numeric ranking system used for both head and flux.  A rank of 1 represents the 
best data available, while 5 represents unusable data.  While head data falls under one of two 
ranks, the wider range of flux data sources and uncertainty requires the use of all 5 ranks. 
 
Most head data (98% of water level measurements) fall under the highest data quality rank of 1 
and is assumed accurate to the resolution of the USGS digital elevation model (DEM) used to 
calculate water level elevation from the depth to water measurement taken at a well.  In general, 
the DEM allows a more accurate determination of elevation in areas with lower topographic 
relief such as the Ruby River floodplain; while elevation is less accurate in steep areas near the 
mountain fronts.  This occurs because the specific elevation is unknown within the area of an 
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individual 30x30 meter DEM grid cell and a water level measurement located within a 30x30 m 
cell has a greater degree of uncertainty where the topographic gradient is steeper. 
 

Rank Description Examples 

Head data quality rankings:   

1- 
Water level measurement 
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. 

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

Flux data quality rankings:   

1- All inflows/outflows measured 
with current meter. 

Ditch flows, ditch walked and all diversions measured. 

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

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

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

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

4- 
Data of suspect quality, staff 
gage readings, qualitative use 
only. 

Staff gage readings on Ruby River.  Uncertainty in stage-discharge 
unquantified, diversions between stage readings unknown but 
assumed not to affect qualitative judgment. 

5- Unusable data. 

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. 

Table 2.2.1-1: Data quality ranking. 
 
A group of 3 adjacent wells (GWIC #207967, 108445, 87282) near the base of the East Bench 
along Ruby River Drive were determined to be unusable (rank 5) because they consistently 
showed field measured head to be far below that the model can produce (mean residual of 20.61 
m for all field measurements in the calibrated model).  The measured water levels in these 3 
wells are below the stage of the Ruby River.  The Ruby River in this lower end of the valley is a 
gaining stream and the minimum elevation of the water table is effectively controlled by river 
stage indicating that these wells are not completed an unconfined aquifer (layer 1 of the Ruby 
Model).  The water levels in these wells may be controlled by a localized fault or bedrock 
controlled flow system that the model was not designed to simulate. 
 
One other well (GWIC #184479) at the top of a hill in Tertiary sediments north of Sheridan was 
determined to be unusable.  The mean head residual in this well of 31.19 m for all observation 
times indicates that measured water levels in this well were consistently below that simulated in 
the calibrated model.  The inability to calibrate this well appears to be a resolution issue wherein 
fine-scale topography surrounding this well, which was 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 for full quantitative use; while rankings of 3 and 4 
are reserved for qualitative interpretation.  Data of ranks 1 and 2 are tightly controlled synoptic 
flow measurements where the data collector was able to gain access or otherwise observe water 
use over entire stream or ditch reaches.  Uncertainty increases under a data rank of 3 wherein the 
data collector was not able to observe and measure an entire stream or ditch synoptic reach and 
instead an assumption is made that the affects of unknown inflow, diversion, or other water 
management is assumed to cause less than a 25% deviation in the calculated groundwater-
surface water exchange.  Data of rank 4 shows obvious signs of large uncertainty.  Flux data in a 
ranking of 4 is limited to one synoptic flow on the Ruby River in which staff gages and rating 
tables were used wherein the staff gage readings were outside of the usable range of the rating 
curve.  This uncertainty in the flux measurement occurred because at the time the flow of the 
Ruby River was far below any measured flow used to develop the gage rating.  Numerous gage 
readings on the Ruby River, Alder Gulch and the sloughs and drain ditches which cross Seyler 
Lane fell under a rank of 5 and were not used for model calibration because there was no control 
of inflows and outflows and the resulting groundwater exchange was not able to be resolved.   
 
2.2.2 Calibration Results and MODFLOW Water Balance Evaluation 
The model was calibrated to field data collected from 2002-2003 presented in the LRVGMP.  
Model calibration was achieved by traditional manual calibration methods of adjusting aquifer K 
and Ss parameters, K zone distribution, stream, ditch, and recharge boundaries, and model grid 
geometry including layer thickness.  Calibration involved adjusting parameters to minimize error 
in the difference between measured and simulated head and flux values.  The model was also 
calibrated graphically by comparison of modeled equipotential contours with equipotential maps 
from the LRVGMP.  The modeled water balance was compared to the water balance calculated 
in Volume I, attachment 5 of the LRVGMP to provide an additional check of model 
performance.  Predetermined calibration targets and the calibration results are presented in this 
section. 
 
During model calibration, the automatic parameter estimation program WinPEST was used to 
attempt to provide automated calibration of modeled K.  The WinPEST effort was not successful 
at calibrating the model for a number of reasons.  The high number of K zones with unknown 
values proved difficult for WinPEST as run times were long and model non-convergence often 
resulted in WinPEST needing to be started over with a different parameter range.  Perhaps more 
limiting, WinPEST is only capable of adjusting the parameters within a previously assigned zone 
and it was necessary during calibration to manipulate K zone boundaries and to create new K 
zones to account for the spatial variability in hydraulic properties within individual aquifers.  
Finally, running WinPEST with MODFLOW in transient mode proved problematic because the 
model was not able to reach a new equilibrium during PEST model runs causing WinPEST to 
write the resulting calibration output for a given parameter distribution while the model was still 
adjusting to the parameter change.  This problem could have potentially been addressed by 
programming the model to run for several decades or longer during each model run to develop 
new equilibrium cyclic initial conditions.  However, WinPEST runs were already requiring an 
overnight period to run 4-year duration PEST simulations and increasing the model duration 
would have lead to excessively long run times. 
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Results of the WinPEST runs were incorporated into the manual calibration process and were 
used to determine the best estimate of K for several Tertiary aquifers where no direct field data 
were available.  WinPEST results were also used to determine best estimates of Kx:Kz ratios 
where WinPEST indicated reasonable ratios other the default 10:1 ratio used in model 
development. 
 
Head 
To allow the model to be calibrated to seasonal water levels the water level database was 
grouped into sets of basin-wide water level (head) sampling, each taken during a relatively short 
time interval.  This was necessary because not all wells could be measured on a single day.  The 
model requires that head residuals be computed at a given time-step.  Conceptually, this use of 
observation groups assumes that the water levels within a group are representative of the basin-
wide head distribution at the end of a given time step.  The head observation groupings and the 
range of measurement dates included in each group are shown in table 2.2.2-1. 
 

Model Date 
Model 
Day 

Date Range of 
Measurements 
in Observation 

Group 
n= (# 

observations) 

Normalized 
RMS % 
Error 

Absolute 
Residual 

Mean 
(m) 

Max 
Residual 

(m) 

Max 
Residual 
Well ID 

All 
Observations 

NA NA 544 0.70% 1.62 10.43 207954 

5/15/02 770 5/4 - 5/27 64 0.76% 1.87 7.57 108084 

7/7/02 823 7/6 - 7/10 65 0.73% 1.91 -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 determined in the project Quality Assurance Project Plan 
(QAPP) document to be +/-5% root mean square (RMS) error for each modeled time period that 
includes a basin-wide sampling of groundwater heads.  Head calibration for all sets of basin-
wide water level measurements are shown in table 2.2.2-1. 
 
As shown in the table, a total of 544 water level measurements were used in model calibration.  
The final head calibration for all observation times (ie: water level measurements) is 0.7%.  The 
final head RMS error is under 1% for all time periods that include a basin-wide sampling of 
head, indicating the model does an excellent job at simulating basin-wide water levels during the 
period of the calibration dataset. 
 
Figure 2.2.2-1 below shows histograms of the head residuals (model calculated – field observed) 
for all water level measurements.  The histogram for the entire 544 observation dataset indicates 
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a normal distribution of model error.  Histograms are also presented for the individual time 
periods with basin-wide head sampling in the CD appendix.  The error distribution for time = 
823 days (July 7, 2002) is biased slightly negative with a mean residual of -0.88 m.  Other time 
periods with basin-wide head sampling are normally distributed. 
 

 
Figure 2.2.2-1: Head residual histogram and normal distribution (all water level 
measurements in meters). 
 
Head residual maps for all observation group times shown in table 2.2.2-1 are provided in the 
CD appendix.  The resolution of the head residual maps produced by Visual MODFLOW is not 
adequate for displaying within this report.  In these jpeg maps all water level measurement points 
are shown; blue (positive) and red (negative) residuals are only shown and labeled in meters for 
those wells that are part of a given observation time group (Note, observation wells in these 
maps that don’t have a label are not included in a particular observation time group).  
Unfortunately, the software will not prevent the overlap of nearby labels.  The residual map for 
time = 823 days (July 7, 2002) shows that head residuals appear to be biased low on the central 
part of the Sheridan fan.  These negative residuals are apparent in the histogram for this time.  
This negative bias is almost eliminated by time = 874 days (8/27/02) and is not apparent at other 
observation group times.  Significant effort was put into improving the early summer 2002 head 
calibration over the Sheridan fan; however improvements in the residuals at time = 823 days 
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were offset by reduced calibration during other times and the resulting calibration is the best 
achieved given the amount of time available for calibration. 
 
Comparison of the head equipotential map prepared for the LRVGMP prior to modeling with the 
model equipotential surface shows that the two potential surfaces compare very well (figure 
2.2.2-2).  There are several obvious errors in the hand drawn equipotential lines from the 
LRVGMP where data was sparse and contours were inferred, notably the West Bench of the 
Ruby Range and the Tertiary hills near Wet Georgia Creek.  In this comparison the model helps 
to resolve a realistic flow field for areas where water level measurements are not available. 
 
Flux 
Model flux calibration involved matching model response to measured stream-groundwater 
exchange of the Ruby River, exchange of creeks where they cross large alluvial fans, spring flow 
measurements where large springs feed sloughs on the Ruby floodplain and baseflow 
measurements of all streams in the basin.  The LRVGMP also provides ditch seepage 
measurements for 16% of the total miles of all ditches and canals in the valley and the model was 
calibrated to these measurements.  Flux calibration is a key component of calibrating a 
groundwater flow model because flux measurements provide a snapshot in time of the flux from 
the groundwater system.  Additionally, it is the flux within groundwater and connected surface 
water features that is the focus this project. 
 
The flux calibration targets developed for the project incorporate estimated streamflow 
measurement error to express the measurement as a range of possible flux values.  By basing the 
flux targets on measurement error in this manner, the calibrated model simulates streamflow gain 
and loss within the accuracy of the field measurement.  Flux targets were agreed upon by the 
Ruby Modeling Team after the QAPP was finalized. 
 
Error in synoptic flow measurement is compounded because the calculated synoptic gain or loss 
is dependent on two flow measurements, each with associated error.  USGS guidance on 
determining error in streamflow measurements (Sauer and Meyer, 1992) was consulted to 
develop the range of possible flux values for typical synoptic and spring flow measurements 
taken for the LRVGMP.  Based on these methods it is estimated that error in measurement of 
natural streams ranged from about 6% to 23%.  As described in the USGS guidance, the total 
error or uncertainty is a function of error in width, depth and velocity measurement, averaging of 
velocity and depth, pulsating stream velocity, and systematic user introduced error.  It is 
estimated by these same methods that error in measurement of ditches in the Ruby is about 5% 
given that these engineered channels allow for greater control of all measurements and averaging 
of velocity and depth generally gives a decent approximation in a ditch.  Calculations used for 
estimating error are provided in the spreadsheet Flow_measurement_error.xls in the CD 
appendix.  Given the calculated measurement uncertainty, it was assumed that typical stream 
flow measurements were accurate to +/-10% where the stream flow was fairly laminar and +/-
25% where the stream flow was turbulent due to large boulders in the streambed.  Ditch flow 
measurements were assumed accurate to +/-5%.  Where flux calibration data had a rank of 3, the 
measurement was assumed accurate to +/-25% as described under the data quality ranking 
discussion. 
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Figure 2.2.2-2: Comparison of modeled and field measured equipotential surface (May 
2002). 
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Table 2.2.2-2 presents modeled flux along with the targets.  In general, the ease with which flux 
calibration was achieved for a given stream or ditch feature corresponded to higher data quality 
rankings.  Surface water features with more concise data were easier to calibrate.  Surface water 
features with data of questionable accuracy were more difficult to calibrate suggesting that the 
assumptions made about the accuracy of flux measurements in data quality ranks 3 and 4 met 
with varying success.  This also suggests that the ranking system was capable of classifying the 
data into appropriate categories. 
 
Shown in table 2.2.2-2, Sand Creek modeled stream gain fell just below the qualitative targets 
set.  In the case of Sand Creek, it is unknown if ditch water was being diverted into the creek or 
if some other spring source existed than those digitized from airphotos (Sand Creek is artificially 
channelized where it crosses the Bullerdick Hyndman Moulton Ditch).  In general, efforts to 
bring Sand Creek into calibration had the negative effect of bringing other higher ranking flux 
and head data out of calibration.   
 
A winter flux into Wisconsin Creek was also not able to meet the calibration target.  While 
attempting to calibrate the Wisconsin Creek flux it became apparent that the problem with 
calibration is likely related to the temporal resolution of the model.  Model stress periods are 
delineated to match seasonal streamflow changes and seasonal changes in irrigation water use.  
There is one applied flow rate for streams in the Ruby model for the winter stress period which 
runs from October 15th at the assumed end of irrigation to April 5th at the beginning of spring 
runoff.  In the case of Wisconsin Creek, the applied flow rate for winter 02-03 is 8.8 cfs which 
was based on the baseflow measured in late summer 2002 and baseflow measured the following 
April.  The measured flow of 4.3 cfs (table 2.2.2-2) at the Wisconsin Creek gage on 12/20/02 
when the synoptic flow was taken represents the seasonal baseflow low.  The inability to 
calibrate the flow results because in the model there is 8.8 cfs available for stream loss on 
12/20/02 where as in the field there was only 4.3 cfs of water available for infiltration.  During 
the synoptic measurement the entire flow of Wisconsin Creek was lost to infiltration.  In the 
model there is twice the flow available for loss which translates into the model simulating 
approximately twice as much seepage.  The goal of assigning a stream flow for the winter stress 
period is to simulate the average response over the entire winter period, not the exact response on 
12/20/02.  The model is capable of simulating the measured flux if the assigned streamflow to 
Wisconsin Creek in the model is reduced.  However, decreasing Wisconsin Creek streamflow for 
the entire stress period less accurately matches the bigger picture of season-long stream loss and 
the generalized streamflow of 8.8 cfs was used for the entire 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)         

  Stream Name 
Flow 
Date 

Flow at 
Reach 
Start 

Observed 
Seepage 

Data 
Quality 
Rank 

Estimated 
Seepage 
Range     

(includes 
error) 

Model 
Calculated 
Seepage 

Estimated 
Measurement 

Error 
.                 

Left Fork below 
Wisc Crk Rd 4/5/03 2.7 -2.5 2 -2.2  to  -2.8 -2.3 

10% due to natural 
streambed and flow 
conditions. 

Mill Crk below 
HWY2878 

12/21/02 5.7 -1.9 2 -1  to  -2.9 -1.8 
10% due to natural 
streambed and flow 
conditions. 

Mill Crk gage 12/21/02 7.0 -1.3 2 0  to  -2.6 -1.2 
10% due to natural 
streambed and flow 
conditions. 

Wisc Crk below 
HWY 287 12/20/02 1.1 -0.3 2 -0.1  to  -0.5 -0.7 

10% due to natural 
streambed and flow 
conditions. Lo

si
ng

 R
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es

 

Wisc Crk gage 12/20/02 4.3 -3.2 2 -2.6  to  -3.7 -3.0 
10% due to natural 
streambed and flow 
conditions. 

                  

Cal Creek 12/22/02 1.4 0.0 1 -0.3  to  0.3 -0.1 
10% due to natural 
streambed and flow 
conditions. 

Indian Creek 
gage 

4/5/03 2.6 0.1 2 -1.2  to  1.4 0.2 
25% due to rocky 
streambed and 
surging/cascading 
flow. 

Jacob Slough 12/20/02 0.0 0.4 3 0.3  to  0.5 0.3 
25% due to lack of 
control of 
inflows/outflows and 
ice. 

Leonard Slough 4/19/03 1.3 15.7 3 11.1  to  20.2 14.6 
25% due to lack of 
control of 
inflows/outflows. 

Mill Crk Middle 
Rd to Morse 

4/7/03 2.9 11.4 3 7.1  to  15.7 10.5 
25% due to lack of 
control of 
inflows/outflows. 

Mill Crk Middle 
Rd to Morse 

9/14/02 1.8 27.9 3 20  to  35.7 20.4 
25% due to lack of 
control of 
inflows/outflows. 

Ramshorn 
below HWY 287 

4/6/03 2.3 6.1 3 3.5  to  8.8 6.7 
25% due to lack of 
control of 
inflows/outflows. 

Ramshorn gage 4/6/03 2.1 0.2 2 -0.2  to  0.6 0.1 
10% due to natural 
streambed and flow 
conditions. 

RR Alder to 
Laurin 

4/20/03 5.8 9.2 4 Gaining 
reach 

3.1 
Can't estimate error. 
Stage measurement 
below discharge 
curve range. 

RR Harrington 
to Wheatley 

9/23/06 122.3 23.0 1 -3.8  to  49.8 20.2 
10% due to natural 
streambed and flow 
conditions. 

RR Wheatley to 
Seyler 9/24/06 179.5 1.9 1 -34.2  to  38 4.0 

10% due to natural 
streambed and flow 
conditions. 

Sand Crk 4/6/03 0.0 5.1 3 3.8  to  6.4 3.3 
25% due to lack of 
control of 
inflows/outflows. 

G
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ng

 R
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Stinking Water 
Slough 

12/20/02 0.0 3.0 3 2.3  to  3.8 3.1 
25% due to lack of 
control of 
inflows/outflows. 

                  

  : Indicates model calculated seepage outside estimated range.     
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Ditch Final Calibrated Flux (all flow/seepage in cfs)          

  Ditch Name 
Flow 
Date 

Flow at 
Reach 
Start 

Observed 
Seepage 

Data 
Quality 
Rank 

Estimated 
Seepage 
Range     

(includes 
error) 

Model 
Calculated 
Seepage 

Estimated 
Measurement 

Error 
                  

Duncan 
Allinson 

7/31/03 17.3 -2.4 1 -0.8 to -4 -2.6 
5% due to laminar 
flow in an engineered 
channel. 

Lewis Kennedy 
2 

8/12/02 23.6 -1.0 1 1.3 to -3.3 -1.0 
5% due to laminar 
flow in an engineered 
channel. 

Sarge Hall 
Kennedy 

8/10/02 23.1 -5.6 1 -3.6 to -7.6 -5.2 
5% due to laminar 
flow in an engineered 
channel. 

Thompson 7/29/03 23.7 -3.1 1 -0.9 to -5.3 -2.8 
5% due to laminar 
flow in an engineered 
channel. 

Vigilante 
Anderson total 

7/11/02 70.4 -7.5 1 -0.8 to -14.2 -7.1 
5% due to laminar 
flow in an engineered 
channel. 

Vigilante Buyan 7/11/02 36.8 -2.2 1 1.4 to -5.8 -2.2 
5% due to laminar 
flow in an engineered 
channel. 

Vigilante Todd 
total 

7/29/03 27.8 -2.0 1 0.7 to -4.6 -2.0 
5% due to laminar 
flow in an engineered 
channel. 

Vigilante Carey 
Ln total 

9/14/02 6.1 -0.5 1 0 to -1.1 -0.5 
5% due to laminar 
flow in an engineered 
channel. 

Vigilante Wood-
Elser total 

9/13/02 33.5 -0.7 1 2.6 to -4 -0.7 
5% due to laminar 
flow in an engineered 
channel. 

West Bench 
synoptic 1&2 
total 

8/9/02 67.4 -8.0 1 -1.7 to -14.3 -7.3 
5% due to laminar 
flow in an engineered 
channel. 

West Bench 
synoptic 3 total 

8/9/02 39.5 -3.7 1 0.1 to -7.5 -3.7 
5% due to laminar 
flow in an engineered 
channel. 

Lo
si

ng
 R
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West Bench 
Wimberley 

9/13/02 14.2 -1.9 1 -0.6 to -3.2 -1.9 
5% due to laminar 
flow in an engineered 
channel. 

                 

Anderson 
Ranch Drain 
total 

9/28/02 6.9 1.3 1 0.5 to 2 1.4 
5% due to laminar 
flow in an engineered 
channel. 

Bullerdick 
Hydman 
Moulton total 

8/13/02 11.2 0.7 1 -0.5 to 1.9 0.7 
5% due to laminar 
flow in an engineered 
channel. 

Lewis Morse 7/28/03 23.3 0.2 1 -2.2 to 2.5 0.2 
5% due to laminar 
flow in an engineered 
channel. 

Sarge Hall 
Morse 

9/14/02 23.5 0.5 1 -1.9 to 2.9 0.6 
5% due to laminar 
flow in an engineered 
channel. 

Tash Drain 
Ditch  4/19/03 0.0 4.5 3 3.4 to 5.7 4.4 

25% due to lack of 
control of 
inflows/outflows. 

Tash Drain 
Ditch  

12/20/0
2 

0.0 6.4 3 4.8 to 8 5.5 
25% due to lack of 
control of 
inflows/outflows. 

G
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Vigilante Alder 
Gulch total 

9/15/02 48.4 0.9 1 -4 to 5.8 0.0 
5% due to laminar 
flow in an engineered 
channel. 
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Model Water Balance 
MODFLOW was used to produce the 2002-2003 water-year water balance for the groundwater 
system to compare to the water balance presented in Volume I, attachment 5 of the LRVGMP.  
The modeled current conditions water balance was computed using the MODFLOW mass 
balance cumulative flux volume between model day 9/27/02 and 9/27/03 (based on the model 
time-steps October 1 output is not available).  The original water balance calculated for the 
LRVGMP is based on the surface water balance due to the availability of total surface water 
flows into and out of the valley measured during the course of field work for volume I.  The 
MODFLOW water balance is groundwater flow based and includes recharge to the groundwater 
system, groundwater flux, and seepage to surface waters as well as subirrigation ET.  Because 
the two water balances are based on different perspectives, surface water versus groundwater 
respectively, the total flow is not directly comparable.  However, the various components of the 
water balances compared in table 2.2.2-3 help to validate that the annual recharge, ditch loss, and 
net stream seepage in the groundwater model are reasonable.  In this comparison, the 
MODFLOW water balance is considered more quantitative and accurate.  The water balance 
from Volume I was based on the best available estimates of fluxes at the time. 
 

MODFLOW  Volume I Calculations  

Inflows:   (acft)     (acft)  Notes: 
Recharge 
(precipitation and 
mountain-front) 

43,600   

Recharge 
(precipitation and 
mountain-front) 

NC 

Not calculated.  Volume I calculations are 
based on a surface water budget which does 
not include precipitation and mountain front 
recharge  inputs. 

Recharge 
(irrigation field 
loss) 

64,400   
Recharge (irrigation 
field loss) 63,000 

Modeled field loss is based on same estimates 
as Volume I.  Slight difference due to model 
grid resolution and slight changes to irrigation 
boundary during model calibration. 

Net ditch loss 53,500   Ditch loss 38,000 
Volume I estimate based on extrapolating 
average measured ditch loss to unmeasured 
reaches (~16% ditch miles measured). 

Inflow from stream 
underflow 
(injection wells) 

7,000   

Inflow from stream 
underflow (injection 
wells) 

NC Not calculated 

� storage 0   � storage NC Not calculated 

Total net 
groundwater in 168,600   

Total surface water 
in 179,000  

Outflows:            

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

Net stream gain 92,000   Net stream gain 100,000 
Volume I estimate based on equation: net 
stream gain = [SWOUT] - [SWIN - (Ditch loss + 
field loss + ET]. 

CHD groundwater 
underflow to 
Beaverhead 
watershed 

42,500   

Groundwater 
underflow to 
Beaverhead 
watershed 

109,000 Volume I uses rough Darcy's Law estimate. 

Groundwater 
pumping 

1,500   
Groundwater 
pumping 

NC Not calculated 

Total net 
groundwater out 168,300   

Total surface water 
out 118,000  

Table 2.2.2-3: Comparison of modeled and calculated water balance. 
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The modeled recharge from precipitation and mountain-front recharge is 43,600 acft and the 
modeled recharge from alluvial underflow is 7,000 acft.  Given these recharge sources in 
addition to recharge from surface water irrigation and stream leakage (possible up to the total 
surface water inflow of 179,000 acft), the maximum potential net inflow to the groundwater 
system is 229,600 acft.  Therefore the model total groundwater inflow of 168,580 acft is within 
this limit. 
 
Ditch loss also appears reasonable, given the uncertainty in the extrapolation used in the Volume 
I calculations.  Net stream gain compares well in both water balances, supporting that the model 
is doing a good job of estimating basin-wide groundwater discharge to streams and sloughs.  The 
total groundwater underflow out of the valley does not compare well; however, the Volume I 
estimate is based on a rough Darcy’s Law flux calculation and does not provide an accurate 
constraint on the modeled groundwater flux. 
 
MODFLOW water balance data not shown in the table includes 338,000 acft of total steam loss 
during the 2002-2003 water year (table 2.2.2-3 shows net stream exchange).  This stream loss 
summed with ditch loss and irrigation field loss totals 455,900 acft of surface water loss.  
Comparison of total modeled surface water loss with the total net flux in the groundwater system 
of 168,000 acft suggests that on average all surface water in the Lower Ruby Valley circulates 
through the groundwater system at least twice.  Much of this stream – groundwater exchange 
occurs in modeled STR features on the Ruby floodplain wherein calibrated streambed 
conductance values are relatively high causing water to rapidly drain from these features where 
the stage is above the surrounding water table and water to rapidly replenish these same features 
where the water table is higher than stage.  This suggests the model is capturing some of the fine 
scale hyporheic exchange between streams and floodplains where surface water circulates 
through short groundwater pathways back into the surface water source. 
 
2.2.3 Model Validation 
Long term groundwater level monitoring data is available from GWIC for 3 wells in the Lower 
Ruby Valley (GWIC #108917, 108471, 107951).  These long term groundwater level datasets 
were used as a split sample validation dataset.  Following model calibration, these wells were 
evaluated for the time period June 2002 – August 2006.  Table 2.2.3-1 shows that the normalized 
RMS error for these wells is acceptable when compared for all measurement times and each 
individual time when measurements are available for all 3 wells. 
 
The datasets for these wells present several limitations for use in validating the model owing to 
three main factors: 1) there is little interannual variability in the hydrographs for these wells, 2) 
there is no direct information available on the differences in model stresses (particularly stream 
and ditch flow and irrigation water application timing/location) between the period of the 
calibration dataset and the following 3 years in the head validation data, and 3) the hydrographs 
for these wells respond mainly to water management in the immediate vicinity of the wells.  
Therefore, the model drivers that would affect these wells in a simulation are not explicitly 
characterized by available data.  However, the long-term dataset does allow the model to be 
evaluated for consistency in year to year transient groundwater levels. 
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Approximate 
Median 

Observation 
Date 

Model 
Day 

n= (# 
observations) 

Normalized 
RMS % 
Error 

Absolute 
Residual 

Mean 
(m) 

Max 
Residual 

(m) 
Max- 

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% 1.1 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 sample of head data. 
 
The measured and modeled hydrographs for the validation wells are presented in figure 2.2.3-1.  
Because the 4-year model ends on 4/4/2004 (table 2.1.4-1), it was necessary to run the model one 
additional time to compare the validation dataset for 4/5/2004 until the final validation water 
level measurements on 8/29/2006.  This additional model run used the same boundary stresses as 
the original model.   
 
The modeled hydrograph for well 107951 is out of phase with the measurements.  Inspection of 
this site on aerial photographs reveals that there is a small ditch running immediately adjacent to 
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the well that is not simulated in the model.  This ditch is one of many smaller irrigation features 
in the Ruby Valley which is not included as a RVR feature (ditches associated with flood 
irrigation are incorporated into the NRCS field loss model used in assigning irrigation recharge 
boundaries).  This small ditch controls the hydrograph for this validation well, whereas in the 
model, the well is responding with a lag time to non-localized recharge effects. 
 
Figure 2.2.3-1: Modeled and measured hydrographs for validation wells. 
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The hydrographs for wells 108471 and 108971 compare well given the fact that only four 
measurements per year are available for comparison to the modeled hydrograph.  The model 
responds slower in raising water levels in these wells than seen in the field measured hydrograph.  
Possible explanations why water levels rise faster in the field than in the model may include the 
fact that ditches and canals in the Ruby Valley typically loose much more water when they are 
initially turned.  The possible reasons for this include saturated versus unsaturated flow processes 
which occur prior to the mounding of the water table directly beneath a ditch.  Unsaturated flow 
processes are not handled by the MODFLOW code and water table mounding may not be 
accurately simulated at the resolution of the model cell. 
 
2.2.4 Sensitivity Analysis 
A sensitivity analysis allows a comparison of model response relative to uncertainty in model 
parameters.  The sensitivity analysis is performed by systematically adjusting specific model 
parameters and recording the change in model response.  In this project, the model response that 
we are primarily concerned with is flow in the Ruby River.  Sensitivity was evaluated against 
Ruby River stream-groundwater exchange at two key locations, between Alder and Silver 
Springs bridges and between Wheatley and Seyler Lane bridges, as well as evaluated versus total 
stream flow at Seyler Lane.  Flow sensitivity is evaluated at 3 specific times: spring, summer, 
and fall during the 2002 calibration period.  Parameter sensitivity is also gauged by evaluating 
%RMS error for all head observation times. 
 
Given the large amount of input data in this basin-scale groundwater model, parameters for 
sensitivity analysis was refined to those which were deemed most likely to influence modeled 
stream flow (table 2.2.4-1).  The ratio of recharge: K is a driving factor affecting head in a 
numerical groundwater flow model. Therefore, the sensitivity analysis includes an analysis 
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designed to evaluate the sensitivity to a range of these 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 

Quaternary Aquifer K 
Alder, Indian Creek landslide, Sheridan 
Fan 

Tertiary Aquifer K in layer 
1 

Wet Georgia Tertiary, Mill Creek Tertiary, 
West Bench (low K zone only), Tobacco 
Root Fans, Greenhorn Tertiary, East 
Bench 

Aquifer K and Aerial 
Recharge (constant ratio) 

All 

Sy in layer 1 All aquifers in layer 1 

Table 2.2.4-1: Parameter changes in sensitivity analysis. 
 
During model runs in the sensitivity analysis, the model was run as many times as practical to 
establish a new dynamic equilibrium to the parameter change before the model response was 
recorded.  Establishing a new equilibrium proved particularly difficult when Tertiary aquifer K 
was changed.  After 40 years of running a K change of +/-25% in the Tertiary aquifers, the water 
levels were still adjusting in portions of the Tertiary aquifers by 25-50 cm over the 4-year model 
period.  Due to time and budget allowances for this analysis, sensitivity to parameter changes 
was recorded when the change in head distribution over a 4-year model run was less than 50 cm.  
This assumes that the affect of these water level changes, primarily in valley margin Tertiary 
aquifers, have an insignificant effect on Ruby River flow and the %RMS error at head 
observation points. 
 
Head calibration sensitivity to parameter changes is shown in figure 2.2.4-1.  Modeled head 
calibration for all measurements is relatively insensitive to any of the parameter changes invoked 
as both the changes in % RMS error and absolute residual mean (not shown) are small.  Small 
differences in the relative sensitivity are apparent.  For instance, varying the K of the Ruby 
Floodplain aquifer and Sy has almost no effect on head calibration.  Whereas, varying K of the 
Tertiary aquifers and adjusting the values of recharge and K simultaneously invokes a relatively 
larger change in head calibration.  However, all head % RMS error is within 0.08%.  This low 
sensitivity points to the importance of using flux measurements in addition to head for model 
calibration. 
 
Modeled flux sensitivity to the parameter changes described 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 2.2.4-6.  Sensitivity testing of Ruby River seepage from 
Alder to Silver Springs indicates that Ruby Floodplain and Tertiary aquifer K changes of +/-25% 
affect seepage less than 15% (figure 2.2.4-2 and 2.2.4-4).  Varying recharge and K by +/-25% 
invokes up to a 52% change in seepage from Alder to Silver Springs (figure 2.2.4-5) indicating 
that flow gains in this portion of the river are very sensitive to the assigned recharge rate.  
 
Sensitivity of Ruby River seepage from Wheatley Bridge to Seyler Lane is relatively insensitive 
to all variations of aquifer K tested; varying K by +/-25% evokes a 2 cfs or less change in all 
instances (figures 2.2.4-2, 2.2.4-3, and 2.2.4-4).  Varying recharge and K by +/-25% invokes up 
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to a 5 cfs change in seepage between Wheatley and Seyler Lane (figure 2.2.4-5).  The relative 
insensitivity of stream-groundwater exchange in this portion of the basin is due to the fact that 
flow exchange in the lower reaches of the river are relatively neutral compared to the Alder to 
Silver Springs reach which gains considerably. 
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Figure 2.2.4-1: Head %RMS error sensitivity analysis. 
 
Parameter sensitivity was evaluated against total flow at Seyler Lane to provide a comparison of 
how parameter uncertainty may affect discharge at the basin scale.  Varying Sy from -50% to 
+25% of the calibrated value invokes less than a 7% change in total flow at Seyler Lane (figure 
2.2.4-6, data point analyzed but not shown for 0.5 Sy).  Varying K of the aquifers by +/-25% 
evokes a corresponding change in Ruby River flow of up to 7% for changes in Ruby River 
floodplain K, 7% for changes in Qal K, and 2% for changes in Tu K (figures 2.2.4-2, 2.2.4-3, 
2.2.4-4).  Varying the recharge and K simultaneously by +/-25% has a major affect on Ruby 
River flow, changing flow by a maximum of 40% on 10/15/02 (figure 2.2.4-5).  Modeled flux 
sensitivity to the combined recharge and K parameters is therefore considerably higher than 
sensitivity to the K or Sy of individual aquifers.  This is expected because simulated groundwater 
discharge to surface water features is directly related to the modeled recharge. 
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Figure 2.2.4-2: Modeled flux sensitivity to Ruby floodplain aquifer K (3 graphs). 
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Ruby Floodplain Aquifer K Sensitivity: Ruby Wheatle y to Seyler Lane Flow Exchange
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Ruby Floodplain Aquifer K Sensitivity: Ruby Seyler Total River Flow
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Figure 2.2.4-3: Modeled flux sensitivity to Quaternary aquifer K (3 graphs). 
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Quaternary Aquifer K Sensitivity: Ruby Wheatley to Seyler Lane Flow Exchange

-2

0

2

4

6

8

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

% of Calibrated K

S
tr

ea
m

-g
ro

un
dw

at
er

 E
xc

ha
ng

e 
(c

fs
)

4/5/2002 7/7/2002 10/15/2002
 

Quaternary Aquifer K Sensitivity: Ruby Seyler Total  River Flow
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Figure 2.2.4-4: Modeled flux sensitivity to Tertiary aquifer K (3 graphs). 
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Tertiary Aquifer K Sensitivity: Ruby Wheatley to Se yler Lane Flow Exchange
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Tertiary Aquifer K Sensitivity: Ruby Seyler Total R iver Flow
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Figure 2.2.4-5: Modeled flux sensitivity to varying K and recharge (3 graphs). 
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K and Recharge Sensitivity: Ruby Wheatley to Seyler  Lane Flow Exchange
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K and Recharge Sensitivity: Ruby Seyler Total River  Flow
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Figure 2.2.4-6: Modeled flux sensitivity to layer 1 Sy (3 graphs). 
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Sy Sensitivity: Ruby Seyler Total River Flow
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2.2.5 Model Uncertainty Evaluation 
In general, the model does an excellent job at portraying basin wide groundwater levels and the 
head equipotential surface.  The time variant residual maps and majority of the simulated 
hydrographs indicate that the model is capturing the basin wide seasonal water level fluctuations.  
As seen in the validation hydrographs, localized response in water levels may not be accurately 
simulated at all points where the hydrograph is controlled by local recharge or discharge 
boundaries that are not explicitly modeled (e.g.: small ditches). 
 
The model is also simulating current stream exchange well where calibration data are available.  
The model is most accurate at simulating basin-scale groundwater-surface water exchange and 
estimates of stream flow changes in the predictive simulations should be most accurate at Seyler 
Lane near the basin outlet.  Flux calibration data coverage for creeks and sloughs is more 
complete than for the Ruby River and most of these features are calibrated to at least one 
measurement of synoptic exchange.  This adds to the confidence in the modeled exchange for 
streams and sloughs and flow predictions for these features. 
   
The calibration process reinforced the importance that accurate flux data be available for model 
calibration.  Careful review and data quality ranking of the flow and river stage data available for 
the Ruby River resulted in most of the staff gage readings being classified as unusable because of 
a lack of quantification of diversions and surface inflows.  Additionally, summer Ruby River 
flows recorded at automated gaging stations were also not usable for flux calibration because of 
the lack of data on the timing and flow rates of diversions and ditch tail return flows.  The late 
summer synoptic flows measured on the lower Ruby River between Harrington Bridge and 
Seyler Lane by floating the river and measuring all diversions and inflows were an important 
data source for calibration.  Due to the river stage data being unusable for model calibration, 
accurate stream-groundwater exchange data is not available for the Ruby River above Harrington 
Bridge making the calibration of groundwater exchange uncertain in that area.  Due to this 
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uncertainty, the model may not be accurately simulating stream-groundwater exchange along 
these reaches of the river above Harrington Bridge and predictions made regarding river gains in 
this area are suspect.  Collection of additional flux data on the Ruby River above Harrington 
Bridge would help to further model calibration and expand on the predictive capabilities of the 
model. 
 
Flux calibration data is available for 16% of the ditch miles in the basin.  The remaining ditch 
miles, simulated by RVR features in the model, rely on either calibrated conductance values 
from other sections of the same ditch or on estimated values based on ditch size.  Many of the 
smaller ditches simulated in the model do not have calibration data, and the accuracy of these 
features representation is unknown.  Additional coverage of synoptic ditch flow measurements 
would increase confidence in the simulation of ditches.  Predictive modeling results presented in 
this report in which ditch boundaries are altered deal with lining of the Vigilante and West Bench 
canals.  The synoptic flow calibration data for the canals has better spatial coverage than for 
smaller ditches increasing the confidence in predictions made concerning the canals. 
 
ET is simulated in the model as a basin-wide boundary which allows groundwater to be 
transpired when the water table is less than 2.1 m deep.  No calibration data is available for this 
ET boundary.  Based on comparison of the modeled water balance with estimated ET from the 
LRVGMP, the magnitude of ET appears reasonable.  The software used does not output an array 
of simulated ET magnitude.  However, the software does output an array called net recharge, 
which is recharge minus simulated ET.  A jpeg image of net recharge on model day 864 (August 
16, 2002) is provided in the CD appendix.  Maximum ET rates occur along the Ruby floodplain 
and the tributary stream valleys and are generally coincident with riparian areas and areas 
identified in the LRVGMP as having a water table less than 6 ft deep.  Evaluation of negative 
values in output arrays of net recharge (i.e.: areas of high subirrigation ET) shows that peak rates 
during summertime are 0.22 inches/day (shown in dark blue in the jpeg image).  These ET rates 
appear reasonable; however, calibration data for the spatial distribution and magnitude of ET is 
not available.  Calibration of the ET boundary by programming MODFLOW to output an ET 
array and comparing the ET array to satellite derived greenness indices (e.g.: Kondoh and 
Higuchi, 2001; Nagler et al., 2005) or other ET modeling results could improve calibration of 
this boundary.  This type of programming and analysis is not within the scope of this project but 
could be considered in future efforts. 
 
Predictive capabilities of the model are reliant on the accuracy of the simulated boundary 
conditions altered during a predictive simulation.  For instance, the uncertainty in stream flow 
estimates derived from a predictive simulation investigating the effects of changing flood 
irrigated areas to a subdivision are reliant on the accuracy of the field loss estimate at the flood 
irrigation boundary and the consumptive water use at the new subdivision boundary.  The 
boundary conditions used in the current conditions model and predictive simulations are based 
on the best available estimates of actual hydrologic conditions.  A quantitative analysis of 
predictive modeling error could be done by estimating the range in possible boundary condition 
values and calibrating a set of models to the estimated range in boundary conditions.  Running 
the different models for the same predictive scenarios would then provide a range in possible 
model output.  Given the time and resources required to calibrate a single model, it is not yet 
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common practice to produce a suite of calibrated models, and modeling relies on the best 
available estimates and sensitivity analyses as done in this study. 
 
The model is capable of accurately accounting for the changes in the water balance between the 
current conditions and predictive simulations.  This is because error in the current condition 
water balance due to uncertainty in model boundaries or input parameters is similar to the error 
in the predictive simulations.  Therefore the manner in which the water balance changes under a 
predictive scenario, which is the focus of this project (e.g.: information such as reduction in 
stream flow), is less sensitive than total flux to the 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 calibrated current conditions model with changes made 
to the modeled boundary conditions as described in this section.  For each predictive simulation 
the model was run a sufficient number of times until the model had adjusted to the new boundary 
condition to ensure that the model response presented is representative of the altered boundary 
conditions.  The predictive models required multiple runs to fully equilibrate because changes in 
streamflow often lag behind the change in water management by years to decades.  For each 
scenario the predicted stream flow was determined using zone budget as described in section 
2.3.2 below.  The model then had to be run one additional time with settings set to write the 
MODFLOW mass balance to the list file.  Water year water balances were computed based on 
the MODFLOW mass balance difference in cumulative flux volume between model day 9/27/02 
and 9/27/03.  These dates were used because they are as close to the actual water year as possible 
given the time discretization in the model.  The location of boundary condition changes are 
shown in figure 2.3.1-1. 
 
Major Irrigation Efficiency Improvement Scenario 
This scenario is designed to investigate the impacts of major increases to the efficiency of 
irrigation water use in the Lower Ruby Valley.  All flood irrigated fields assigned in the current 
conditions model (figure 2.3.1-1) were changed to center pivot irrigation efficiency according to 
the values in table 2.1.4-2.  This is the same as a reduction in annual field loss from 4.0 ft to 1.0 
ft of water.  In this scenario the streambed K of both the Vigilante and West Bench Canals were 
reduced to 1/10 of their value in the calibrated model to simulate a 90% reduction in ditch loss 
by canal lining. 
 
This model was run for 18 years and the resulting stream flow was simulated using zone budget.  
The model was then run once more for four years and the predicted water balance was written at 
22 years. 
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Figure 2.3.1-1: Predictive model boundary condition changes. 
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Major New Groundwater Development Scenario 
This scenario investigates the impacts of 9 new wells pumping 1000 gpm continuously 365 days 
per year.  These wells were placed throughout the valley (figure 2.3.1-1).  This scenario is 
designed to test large consumptive use of groundwater wherein none of the pumped groundwater 
returns to the aquifer as recharge through field loss or septic returns.  Conceptually, this scenario 
mimics the situation where all pumped groundwater is used by residential development which is 
connected to a municipal sewer system which discharges outside of the study area or where 
agricultural or industrial uses of the water are highly 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 resulting stream flow was simulated using zone budget.  
The model was then run once more for four years and the predicted water balance was written at 
22 years. 
 
Canal Lining Only 
This scenario investigates the effects of canal lining only.  In this scenario the streambed K of 
both the Vigilante and West Bench Canals (figure 2.3.1-1) were reduced to 1/10 of their value in 
the calibrated model to simulate a 90% reduction in ditch loss by canal lining. 
 
This model was run for 30 years and the resulting stream flow was simulated using zone budget.  
The model was then run once more for four years and the predicted water balance was written at 
34 years. 
 
Construction of Recreational Fish Ponds 
This scenario investigates the effects of 70 new ponds dug into the water table.  The ponds are 
spread throughout the valley in areas where the water table is relatively shallow (figure 2.3.1-1).  
Each pond is modeled to remove 10 acre feet per year from groundwater in layer 1, the 
maximum annual volume allowed by DNRC for new exempt groundwater use certificate.  Ponds 
evaporation is simulated by a pumping well.  The pumping rate follows the seasonal ET curve 
used to simulate the ET boundary and is adjusted to 10 acft/yr total.  In this the ponds simulate 
high evaporation during hot summer days and negligible evaporation during cold months. 
 
This model was run for 30 years and the resulting stream flow was simulated using zone budget.  
The model was then run once more for four years and the predicted water balance was written at 
34 years. 
 
Large Subdivision on Former Dry Land 
This scenario investigates the effects of a large subdivision with a total of 850 individual houses 
on the West Bench (figure 2.3.1-1).  The simulation includes 2 houses per 2½ acres (1 hectare, 
equal to one model cell) with each house assumed to have ¾ acre of lawn.  Hypothetically, this 
scenario represents residential development in which houses use advanced septic treatment 
technology which would allow very dense development. 
 
Domestic consumptive use is assumed to be negligible based on recommendations provided by 
the DEQ Subdivision Review Program that a properly designed septic/drainfield system should 
have no evaporation.  Consumptive use is assumed to occur only from lawn evaporation.  The 
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consumptive use is simulated using one pumping well in each model cell coincident with the 
subdivision.  The pumping rate is based on measured meteorology and modeled ET rates for 
lawn grass for 2002 at the USDI Bureau of Reclamation Agrimet Station Ruby River Valley near 
Laurin, Montana.  In this, the pumping rate follows the seasonal ET curve used to simulate the 
ET boundary.  Background aerial recharge from precipitation was still allowed to occur. 
 
This model was run for 30 years and the resulting stream flow was simulated using zone budget.  
The model was then run once more for four years and the predicted water balance was written at 
34 years. 
 
Large Subdivision on Former Flood Irrigated Fields 
This scenario investigates the effects of a similar subdivision as the previous dry land scenario, 
but the subdivision replaces formerly flooded fields on the Sheridan Fan (figure 2.3.1-1).  In this 
simulation the flood irrigation boundary was replaced with the aerial precipitation boundary.  All 
other factors were simulated the same as the dry land subdivision boundary. 
 
This model was run for 30 years and the resulting stream flow was simulated using zone budget.  
The model was then run once more for four years and the predicted water balance was written at 
34 years. 
 
2.3.2 Simulated Hydrograph Construction 
Current condition hydrographs were developed using measured flows at Seyler Lane (4/29/02 – 
11/3/03) and Silver Springs (5/7/02 – 10/12/02).  The simulated annual hydrograph is presented 
for the period 4/1/02 – 3/31/03 at Seyler Lane and 1/1/02 – 12/31/02 at Silver Springs.  When 
measured flow data was not available for a day, the flow was estimated by combining flows 
measured at the USGS gaging station at the Ruby Dam plus modeled seepage from the current 
conditions model plus a conversion factor to account for inflows and diversions.  The conversion 
factor was determined by the difference in flow needed to make the estimated hydrograph for 
unmeasured dates match the hydrograph of measured dates.  Thus the constructed hydrograph 
may not be accurate on any day that measurement data are not available but the shape of the 
hydrograph is the best available estimate for the current conditions period and is suitable for 
comparing differences in flow for predictive scenarios. 
 
The modeled seepage was analyzed using zone budget on all modeled STR features.  
Conceptually, this adds the change in net stream seepage to the current conditions hydrograph.  
Zone budget does not output continuous daily seepage values making it necessary manually 
obtain seepage rates from the model.  Seepage was calculated for the times shown in table 2.3.2-
1; seepage used in simulating the hydrographs was held constant 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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3.0 CURRENT CONDITIONS AND PREDICTIVE SIMULATIONS  
This section presents the results of using the Ruby Model to simulate current conditions and to 
predict the consequences of water management change.  This discussion is intended to be 
relatively easy to understand by people outside of the water resource specialty.  The process of 
model setup and calibration is described in technical detail in section 2.0 for those seeking more 
detailed explanation of how the model was developed.  
 
The current conditions model simulates the water levels in wells and seepage in springs, creeks, 
and the Ruby River throughout the Lower Ruby Valley.  The model is calibrated to 
measurements taken in the field during data collection for the Lower Ruby Valley Groundwater 
Management Plan (LRVGMP).  The model is called the current conditions model because it 
represents the state of the Ruby Valley groundwater system under water management in use 
when the field data was collected in 2002-2003.  The Ruby Valley groundwater system is 
comprised of numerous aquifers which are connected with each other and connected with 
springs, streams, and the Ruby River.  Groundwater in these aquifers supports household water 
use, stock water wells, irrigation wells, wetlands and sloughs, as well as the important baseflow 
which keeps water flowing in the Ruby River during the summer dry season (see photo).  The 
model predicts how land management and water use changes may affect groundwater and 
surface flows. 
 

 
Photo: Leonard Slough which was measured at 41 cfs in September 2006 is almost entirely 
spring fed. 
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The water balance for the groundwater system and Ruby River streamflow for the current 
conditions model are described in section 3.1 below.  The calibrated model was then adapted to 
simulate changes in water management by altering irrigation practices, canal seepage, well 
pumping, and the construction of recreational fish ponds.  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 current conditions water balance for the groundwater 
system in the Lower Ruby Valley.  The remaining columns in table 3.1 present the water balance 
for the water management predictive scenarios described in section 3.2.  The water balance is 
separated into inflows and outflows.  The model water balance presents annual groundwater flow 
and discharge and therefore provides seepage between the aquifer and creeks and the Ruby 
River, not total flow in these surface waters.  Water balance inflows represent sources of water, 
called recharge, to the groundwater system.  Recharge sources include precipitation that 
infiltrates the ground over the valley as well as more focused precipitation along the mountain 
front where rain and snowmelt in the mountains has made its way into the ground.  Runoff from 
the mountains also constitutes a major source of recharge when creeks that cross the large fans 
and benches in the Ruby Valley percolate through the streambed.  Recharge inflows also include 
irrigated field loss and flood irrigation is especially effective at recharging groundwater because 
the low efficiency of flooding loses much water into the ground.  Other recharge sources include 
ditch loss including canal loss. 
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Recharge (precipitation and 
mountain-front groundwater)

50,600 50,600 50,600 50,600 50,600 50,600 50,600

Irrigated field loss 64,400 28,900 64,400 64,400 64,400 64,400 60,200

Ditch loss 53,500 27,500 54,000 26,300 53,500 53,600 53,800

Change in storage 0 700 200 300 -100 -100 100

Total net Inflow 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 
Beaverhead watershed

42,500 42,500 42,500 42,500 42,500 42,500 42,500

Groundwater pumping 1,500 1,500 16,000 1,500 1,500 3,200 3,200

Pond evaporation - - - - 700 - -

Total net outflow 168,300 107,700 169,200 140,700 168,500 168,200 164,100

Note: Values in table are rounded to three significant digits.  Calculations in report are based on raw values.
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Table 3.1: Water balance for current conditions and water management predictive 
scenarios. 
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Groundwater storage can be thought of as the addition of recharge water to the underground 
aquifer “reservoir”.  Changes in groundwater storage are presented under inflows in the water 
balance.  If changes in storage are positive in the water balance, a loss of storage is supplying 
groundwater flow, such as when groundwater storage is depleted when discharge and pumping 
exceed recharge.  Reductions in storage in an area like the Ruby Valley typically occurs when 
drought reduces rainfall and streamflow, when a recharge source such as an irrigated field is 
retired, or when additional pumping occurs.  Groundwater storage depletion is accompanied by 
falling water levels in the source aquifer.  If changes in groundwater storage in the water balance 
are negative this indicates storage is increasing and recharge rates exceed discharge rates.  
Typically, groundwater storage is fairly constant over the long term when water management is 
not changed.  Most of the values of storage inflow in the water balance in table 3.1 are small and 
do not indicate major changes in storage. 
 
Outflows are discharge from the groundwater system.  Outflows include evapotranspiration (ET) 
where plants tap the water table or where the water table is near the surface and water evaporates 
on hot, dry days.  Included in this is pond evaporation where ponds are dug into the water table.  
Seepage to streams is a major mechanism of groundwater discharge.  In the Ruby Valley almost 
all valley bottom streams, including sloughs and the Ruby River, gain significant flow from the 
groundwater system.  This groundwater discharge maintains baseflow in the Ruby River during 
the dry summer months regardless of the water released by the dam, which is all diverted for 
irrigation.  Although a large amount of water is lost from streams to groundwater in the Lower 
Ruby Valley more water is gained from streams and therefore the net stream gain is expressed as 
a groundwater outflow in table 3.1.  Groundwater also discharges from the Ruby Valley as 
groundwater flow (called underflow) to the lower Beaverhead watershed.  This underflow 
represents a large source of recharge to Beaverhead watershed groundwater.  Finally, 
groundwater pumping from wells is another outflow from the Ruby groundwater system. 
 
3.1.2 Current Conditions Water Balance 
Table 3.1 shows us that irrigation water use, including ditch and field loss, is currently the most 
significant source of groundwater recharge in the Ruby Valley.  By comparison, natural recharge 
from precipitation and mountain-front groundwater inflow contributes approximately 30% of the 
recharge to groundwater.  In the current conditions water balance storage is constant.  This fact 
that the change in storage is close to zero is expected as the model is calibrated to conditions in 
2002-2003 and the groundwater system is at equilibrium with the recharge and discharge present 
at that time. 
 
The water balance indicates that subirrigation ET is currently a major source of discharge from 
groundwater in the valley.  This subirrigation occurs in fields and wetlands where the water table 
is near the ground surface (see photos).  The detailed discussion in section 2.2.5 indicates that ET 
is one aspect of the model in which the calibration is less certain due to a lack of ET 
measurements or estimates to compare to the model.  This suggests that the ET value given in the 
water balance should be considered to be an estimate. 
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Photo: Subirrigated wetlands below the Bullerdick Hyndman Moulton Ditch on the Ruby 
floodplain. 
 

 
Photo: Subirrigation evident in winter along Middle Road. 
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There are direct benefits from this surface water – groundwater – surface water circulation in that 
clean water is discharged to streams and rivers that has been filtered by physical and biological 
processes which occur when water percolates through sediments and aquifers.  Additionally, 
groundwater temperatures are buffered at depth and the resulting discharge to streams and rivers 
is typically colder during summer than the receiving water. 
 
Table 3.1 indicates that approximately 25% of the net groundwater flow in the valley contributes 
to groundwater in the lower Beaverhead watershed as underflow through the sediments that 
underlie the Ruby floodplain.  Groundwater pumping from the large wells that serve Sheridan 
are included in the model.  The water balance indicates that municipal pumping currently uses on 
the order of 1% of the net flow in the groundwater system.  As described in section 2.1.4 there 
were two large irrigation wells in the valley in 2002-2003 that were not included in the model 
and that are not included in the water balance because no records of actual use was available.  
Based on DNRC records, the combined use of these two irrigation wells is estimated to be less 
than 2000 acre feet per year (acft/yr) suggesting that total groundwater pumping under current 
conditions is approximately 2% of the net flow in the groundwater system. 
 
3.1.3 Current Ruby River Hydrograph 
Figure 3.1.3-1 shows the 2002 hydrograph for Ruby River flow at Silver Springs Bridge with 
flow in cubic feet per second (cfs).  The hydrograph is based on a combination of measurements 
at the Ruby River Water Users Association (RRWU) recording station and the estimated flows 
discussed in section 2.3.2.  Figure 3.1.3-2 shows the April 2003 – March 2003 hydrograph for 
the Ruby River at Seyler Lane.  The hydrographs are accurate to the degree that the flow rating 
curves are accurate during days when the recorders have measurements.  The hydrographs may 
not be accurate during the times when the recorders were not operating (Silver Springs Bridge 
recorder is irrigation season only and the Seyler Lane Bridge recorder was inoperative for several 
periods during winter 2002-2003).  The fact that the hydrographs may not be accurate during 
times when the recorders were not operating does not limit there use for comparing the effects of 
management changes in the predictive scenario discussion that follows because the concern is 
how management changes will alter Ruby River flows during different times of year. 
 
The current hydrographs show the effects of dam storage wherein flow is reduced in the winter 
and during much of the spring runoff as high flows are stored.   With the exception of the spring 
runoff spike, flows in the Ruby River are currently higher in the summer as water is released 
from the reservoir for irrigation.  The hydrograph at Seyler Lane also shows elevated flow in the 
late summer through early winter resulting from groundwater which is recharged by summer 
irrigation practices discharging to springs, sloughs, and the Ruby River. 
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Figure 3.1.3-1: Ruby River at Silver Springs Bridge 2002 flow. 
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Figure 3.1.3-2: Ruby River at Seyler Lane 2002-2003 flow. 
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3.2 Water Management Predictive Scenarios 
The specific predictive water management scenarios modeled are as follows: 
 

1. Major irrigation efficiency improvement: conversion of all current flood irrigated field to 
center pivot combined with lining of the Vigilante and West Bench Canals. 

2. Major new groundwater development: An additional 14,500 acft per year of consumptive 
groundwater use from 9 large wells, 1000 gallons per minute (gpm) each. 

3. Canal lining only. 
4. Construction of recreational fish ponds: 70 ponds which evaporate the maximum volume 

allowed by DNRC for new exempt groundwater use (10 acft per year each). 
5. Large subdivision on former dry land agriculture lands: 850 lots with ¾ acre of lawn. 
6. Large subdivision on former flood irrigated fields: 850 lots with ¾ acre of lawn. 

 
The effects of these water management scenarios are presented in this section.  Information is 
provided on how the modeled annual water balance changes with the water management change 
and how flows in the Ruby River would be affected. 
 
Table 3.1(page 51) presents the modeled water-year water balance for each water management 
scenario; the current conditions water balance is also presented for comparison.  The water 
balance presents the total flow of water through the groundwater system during the water-year in 
acre feet.  The current conditions water balance is for the 2002-2003 water year; the predictive 
scenarios show us how the water balance would be altered under different water management.  
The water balance and resulting Ruby River flow presented here is based on the climate 
conditions during 2002-2003 and does not explain how drought or wetter climate would affect 
flow.  Future use of the Ruby Model to evaluate the effects on runoff of different climate 
conditions or earlier snowmelt would further the understanding of how surface and groundwater 
resources would be affected.  The individual water management scenarios and the modeled 
effects on Ruby River flow are discussed in the following sections. 
 
The values presented in table 3.1 are rounded to the nearest hundred acre feet.  The calculation of 
predicted changes to the water balance in the following discussion made use of the raw water 
balance numbers and therefore small differences in the numbers provided in the discussion 
below and those seen in table 3.1 are due to rounding error. 
 
3.2.1 Major Irrigation Efficiency Improvement Scenario 
This scenario is designed to investigate the impacts of major increases to the efficiency of 
irrigation water use in the Lower Ruby Valley.  In this, the scenario is a possible look forward to 
a time when agricultural producers grow all hay using sprinklers and when major investment has 
been made to reduce the water loss from the Vigilante and West Bench Canal.  In this scenario, 
all flood irrigated fields assigned in the current conditions model were changed to center pivot 
irrigation efficiency and the canals were simulated as being lined.   
 
The resulting annual water balance in shown in the second column of table 3.1.  The inflows 
from irrigated field loss and ditch loss show that approximately 61,500 acft of water could be 
saved each year by changing all flood to pivot and lining the canals.  The groundwater system 
responds by reduced outflow.  According to the modeled net stream gain, approximately 51,400 
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acft less of water would discharge from springs and seepage in valley streams and the Ruby 
River per year.  The water balance therefore indicates that almost all water savings would be at 
the cost of reduced stream flow gain within the Ruby Valley watershed.  The reduction in 
recharge from field and ditch loss also reduces modeled ET by approximately 9,200 acft/yr 
suggesting reduction in subirrigation of fields and wetlands.  This reduction in subirrigation has 
the potential to decrease the area of wetlands currently occupying the lower areas of the Ruby 
Valley and also provides evidence that much of these wetlands are currently supplied by the 
artificial recharge of irrigation water loss.  Between the reduction in stream flow gains and 
subirrigation, almost all of the 61,500 acft of water is accounted for.  The remainder is accounted 
for by a change in storage.  The water balance indicates that approximately 700 acft of water 
would come from storage.  This change in storage suggests that the model was not fully 
equilibrated to the irrigation and canal changes.  As discussed in section 2.3, the model was run 
for 22 years under the management change and it may take more than several decades for the 
groundwater system to come into equilibrium with the irrigation water management change.  The 
loss of groundwater storage indicates that groundwater levels were still continuing to fall after 22 
years. 
 
Figure 3.2.1-1 shows the modeled Ruby River hydrograph for Silver Springs Bridge.  The 
difference between the 2002 flow and the dashed line ‘improved irrigation efficiency with 
consumptive use of water savings shows how streamflow would be reduced.  Streamflow would 
be reduced by approximately 40-50 cfs during winter and spring, but by as much as 80 cfs during 
the fall when current irrigation practices induce peak discharge from the groundwater system.   
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Figure 3.2.1-1: Ruby River at Silver Springs Bridge major irrigation efficiency 
improvement scenario. 
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There is approximately 61,500 acft of water savings in this scenario and one question is how that 
water savings would be put to use.  The reductions in stream flow described above assume that 
all of the water is put to consumptive use, meaning there is no additional recharge through field 
loss from increased irrigated acreage in the valley.  For comparison, the additional hydrograph 
‘Improved irrigation efficiency with instream flow leasing’ shown in figure 3.2.1-1 shows the 
resulting hydrograph if half (30,750 acft) of the water savings were applied above Silver Springs 
as instream flow during the irrigation season. 
 
Figure 3.2.1-2 shows the modeled Ruby River hydrograph for Seyler Lane.  The predicted flows 
at Seyler Lane under the irrigation efficiency improvement scenario show a similar response to 
Silver Springs Bridge but flow is reduced by over 100 cfs during fall.  At the Seyler Lane site 
current summer flows are low enough that the reduction in stream flow shows up as negative in 
the hydrograph.  This does not suggest that the river would have negative flow, or even that the 
river would dry up.  In reality, water users who currently rely on irrigation return flows for their 
water supply would not be able to exercise their water right and some flow would continue in the 
Ruby River.  It is worth noting that the local history in the Ruby Valley suggests that prior to the 
dam and canals that the Ruby River would almost dry up in the late summer.  Therefore the 
model is indicating that a major reduction in irrigation loss recharge without keeping the water 
saving in-stream could reduce late summer Ruby River flows to levels not seen since the dam 
was constructed. 
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Figure 3.2.1-2: Ruby River at Seyler Lane major irrigation efficiency improvement 
scenario. 
 
The second, higher line ‘Improved irrigation efficiency with instream flow leasing’ shows the 
resulting hydrograph if the entire 61,500 acft of water savings were applied as instream flow 
during the irrigation season.  This scenario again leaves Ruby River flows very low in the period 
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outside of the irrigation season.  In reality, increased releases from the dam would likely be 
necessary during fall and winter to compensate for the reduction in irrigation return flow to the 
Ruby River. 
 
3.2.2 Major New Groundwater Development Scenario 
This scenario investigates the impacts of 9 new wells pumping 1000 gpm 24 days per year.  This 
scenario is designed to test large consumptive use of groundwater wherein none of the pumped 
groundwater returns to the aquifer as recharge.  Conceptually, this scenario represent the 
situation where extensive housing development is connected to a municipal sewer system which 
discharges to surface water below Seyler Lane and septic does not recharge groundwater or 
where agricultural or industrial uses of the water are close to 100% efficient (i.e.: no field loss 
recharge).  The simulated pumping wells were distributed throughout the valley (see figure 2.3.1-
1).  The wells pump from both shallow and deeper aquifers to simulate the likely real world 
situation wherein large production wells completed on the fans and benches in the Ruby Valley 
are drilled into the deeper Tertiary aquifers. 
 
The resulting annual water balance in shown in the third column of table 3.1.  The outflows for 
this scenario show that groundwater pumping would be increased by over 10 times current 
pumping rates 16,000 acft/yr.  Corresponding to this is a reduction in stream gain of 
approximately 11,800 acft/yr.  This reduction in modeled stream gain illustrates the connection 
between groundwater use and surface water resources in the Ruby Valley.  If new groundwater 
consumptive use of this scale were to take place, the model indicates that senior surface water 
right holders would be adversely affected. 
 
There is also a small decrease in modeled ET which could lead to a reduction in subirrigated area 
or a reduction in wetlands; but the impact is less than that described for the major irrigation 
efficiency improvement scenario.  There is an increase in ditch loss in this scenario of 500 acft/yr 
indicating that the pumping cone of depression for some of the modeled pumping wells has 
intercepted ditches which are hydraulically connected to the groundwater system.  This model 
was run for 22 years with the new wells in place.  The small change in storage of 200 acft 
indicates that the model was close to reaching a new equilibrium in response to the groundwater 
development but that a small amount of water was still coming out of storage. 
 
Figure 3.2.2-1 shows the simulated hydrograph for the Ruby River at Silver Springs Bridge 
under the increased pumping.  The two hydrograph lines appear fairly close in the figure; 
however the reduction in flow during late summer is approximately 6 cfs.  This indicates that if 
new wells were place in the valley as they are simulated in the model that senior surface water 
holders would lose 6 cfs of water during part of the irrigation season.  A similar effect is seen at 
Seyler Lane (figure 3.2.2-2); however this site which is lower in the basin sees the impact of all 
of the wells and streamflow is reduced by over 14 cfs in the late summer. 
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Figure 3.2.2-1: Ruby River at Silver Springs Bridge major new groundwater development 
scenario. 
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Figure 3.2.2-2: Ruby River at Seyler Lane major new groundwater development scenario. 
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3.2.3 Canal Lining Only Scenario 
This scenario investigates the effects of lining both the Vigilante and West Bench Canal.  The 
resulting annual water balance is shown in the forth column of table 3.1.  The model water 
balance indicates that approximately 27,200 acft of water would be saved from canal loss per 
year by lining.  Canal inflow data shows approximately 41,000 acft of water diverted into the 
canals in 2002 and 48,000 acft in 2003.  This suggests that loss from the canal loss is on the 
order of 55-65% of the total water diverted annually for both canals.  Model calibration of canal 
loss is discussed in section 2.2.  There are reaches of both canals that are not calibrated because 
synoptic seepage measurements were not available for the entire length of both canals.  
Therefore the canal conveyance efficiency should be considered an estimate based on the data 
available.  The water balance indicates a 24,600 acft reduction in net stream gain per year under 
this scenario indicating that most canal water loss contributes to streamflow under the current 
situation.  There is also a reduction in ET of 2,900 acft/yr suggesting that subirrigation or 
wetlands could be reduced slightly. 
 
Figure 3.2.3-1 shows the simulated hydrograph for the Ruby River at Silver Springs Bridge 
under with the modeled canal lining.  The hydrograph suggests that Ruby flows would be 
reduced approximately 37 cfs in the late summer and 43 cfs in the fall.  The line in the 
hydrograph ‘Canal lining with instream flow leasing’ shows the effect of adding the entire 
27,200 acft of water saved by canal lining as instream flow over the course of the irrigation 
season.  Ruby River flow would be reduced during late fall through early spring in either 
scenario. 
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Figure 3.2.3-1: Ruby River at Silver Springs Bridge canal lining scenario. 
 
Figure 3.2.3-2 shows the simulated hydrograph for the Ruby River at Seyler Lane.  The 
hydrograph indicates that Ruby flow would be reduced on the order of 37 cfs in late summer and 
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44 cfs in the fall.  The line ‘Canal lining with instream flow leasing’ in the hydrograph shows the 
effect of adding the 27,200 acft of water saved by canal lining as instream flow over the course 
of the irrigation season.  In either case late winter through early spring flows are very low in the 
lower Ruby River suggesting that increased dam releases 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 lining scenario. 
 
3.2.4 Construction of Recreational Fish Ponds Scenario 
There has been an increase in the construction of private fish ponds in the Ruby and Jefferson 
Valleys in recent years and the resulting consumption of groundwater has created concerns that 
senior surface water right holders could be adversely affected.  This scenario investigates the 
effects of 70 new fish ponds dug into the water table.  Each pond is simulated to evaporate 10 
acre feet per year, the maximum annual volume allowed by DNRC under the exempt 
groundwater certificates that are typically obtained to legally construct this type of pond.  In this 
scenario the modeled ponds are spread throughout the valley in areas where the water table is 
relatively shallow (see figure 2.3.1-1).   
 
The fifth column in table 3.1 shows the resulting modeled annual water balance.  Outflows in the 
water balance shows that the ponds will consume 700 acft/yr of groundwater.  The model 
responds with a 500 acft/yr reduction in net stream gain.  There is also a small increase seen in 
groundwater storage.  The reduction in modeled stream gain suggests that the ponds will have an 
effect on streamflow and would reduce streamflow by a significant portion of the amount of 
water the ponds evaporate.  The 200 acft difference between pond ET and reduction in 
streamflow is within the accuracy of the model to predict water flux and represents only 0.1% of 
the total water balance.  Therefore the model is limited in its ability to accurately predict 
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responses that are of this small of a magnitude because the pond evaporation is a small 
percentage of the total flow in the groundwater system.  However, the results do suggest that 
streamflow would be affected proportionally to the amount of water lost from pond evaporation. 
 
Figures 3.2.4-1 and 3.2.4-2 show the resulting hydrographs for Ruby River at Silver Springs 
Bridge and Seyler Lane.  It is difficult to see the difference in the two hydrographs presented in 
each figure because the reduction in streamflow due to the evaporative consumption of pond 
water is small relative to the total flow.  Modeled streamflow reduction at Silver Springs Bridge 
is 3 cfs in late summer and is generally 1-2 cfs during the rest of the year.  Streamflow is reduced 
at Seyler Lane by 3 cfs through the summer into the early winter.  During late winter and spring 
the reduction in streamflow at Seyler Lane is negligible.  Although these reductions in 
streamflow are small compared to both the total groundwater flow and total flow in the Ruby 
River, the loss of several cfs of streamflow during the critical dry months would cut into the 
amount of water available to existing surface water right holders.  Additionally, peak streamflow 
reduction in this scenario begins during the dry summer months and lasts into the fall when water 
demands are highest and water supplies are limited. 
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Figure 3.2.4-1: Ruby River at Silver Springs Bridge new recreational fish ponds scenario. 
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Figure 3.2.4-2: Ruby River at Seyler Lane new recreational fish ponds scenario. 
 
3.2.5 Large Subdivision on Former Dry Land Scenario 
The Ruby Valley is rich in scenic and recreational attractions and like other areas in Southwest 
Montana agricultural lands are increasingly being subdivided for residential development.  
Residents have expressed many concerns regarding the impacts of widespread residential 
development on water supplies.  At the heart of these concerns is the fact that current water right 
permitting rules in Montana allow unlimited development of single family houses each with 
individual wells which are exempt up to 35 gpm/10 acft/yr per a DNRC Groundwater Certificate.  
This scenario investigates the effects of a large subdivision on the West Bench with a total of 
850 individual houses each with ¾ acre of lawn (see figure 2.3.1-1 for location).   
 
This scenario places the subdivision on former dry range land and as such no change in irrigation 
takes place.  Residential water use can be simplified into two distinct components, domestic use 
where water used is returned to the ground by a septic system and lawn and garden use where a 
significant portion of the water used is evapotranspirated.  In this model scenario, septic systems 
are assumed to return 100% of domestic use while lawn and garden ET is the only consumptive 
use of groundwater.  It is assumed that septic systems drain to the shallowest aquifer (model 
layer 1) as quickly as water is pumped for use.  This assumption is likely valid under long-term 
use wherein septic return flow provides a permanent recharge source to the aquifer.  This 
assumption would not be valid where the source aquifer for the subdivision was completely 
confined.  Information on the properties of the Tertiary aquifer in the West Bench provided in 
the LRVGMP indicates that the shallow aquifer is not completely confined; therefore these 
assumptions should be valid. 
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The sixth column in table 3.1 shows the resulting modeled annual water balance.  The water 
balance indicates that in this scenario there would be an additional 1,700 acft of consumptive 
groundwater pumping and a corresponding loss of 1,700 acft of stream gain per year. 
 
Figure 3.2.5-1 and 3.2.5-2 show the resulting hydrographs for the Ruby River at Silver Springs 
Bridge and Seyler Lane.  It is difficult to see the difference in the two hydrographs presented in 
each figure because the reduction in streamflow due to the modeled subdivision is small relative 
to the total flow.  Streamflow reduction at Silver Springs Bridge is relatively constant at 
approximately 3-4 cfs year round.  Streamflow reduction at Seyler Lane varies from a low of 
approximately 2 cfs in spring to 4 cfs in the late fall.  Similar to the fish ponds scenario, these 
reductions in streamflow are small compared to both the total groundwater flow and total flow in 
the Ruby River.  However the loss of several cfs of streamflow during the critical dry months 
would reduce the amount of water available to existing surface water right holders. 
 

0

50

100

150

200

250

300

1/
1/

0
2

1/
31

/0
2

3/
3/

0
2

4/
2/

0
2

5/
3/

0
2

6/
2/

0
2

7/
3/

0
2

8/
2/

0
2

9/
2/

0
2

10
/2

/0
2

11
/2

/0
2

12
/2

/0
2

F
lo

w
 in

 C
F

S

850 Lot Subdivision on Dry Land

2002 Flow

2002 Silver Springs Bridge Recorder (RRWU) Daily Av erage Flow
 

Figure 3.2.5-1: Ruby River at Silver Springs Bridge subdivision on former dry land 
scenario. 
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Figure 3.2.5-2: Ruby River at Seyler Lane subdivision on former dry land scenario. 
 
3.2.6 Large Subdivision on Former Flood Irrigated Fields Scenario 
This scenario is very similar to the previous example of a subdivision on dry land on the West 
Bench with the change that the modeled subdivision replaces flood irrigated fields on the 
Sheridan Bench.  Under Montana water law, where agricultural lands are converted to residential 
development, the residential water use does not currently replace irrigation water rights if the 
houses are on individual wells.  Therefore the existing irrigation water right may be sold or 
applied to other land, in addition to the new residential water use which is exempt up to 35 
gpm/10 acft/yr per a DNRC Groundwater Certificate.  The subdivision in this scenario includes 
850 individual houses each with ¾ acre of lawn (see figure 2.3.1-1).  In addition, the existing 
flood irrigation in the area developed is removed from the model.  This is conceptually similar to 
the situation in which the irrigation water right is changed to instream flow or changed to a place 
of use outside of the valley.  In either instance the resulting streamflow in the Ruby River would 
be dependent on how the water right is managed, including which ditch or stream is used to 
convey the water.  In the hydrographs presented below, the water used for the existing flood 
irrigation is not assumed to be instream flow.  Instead, the hydrographs show the streamflow 
depletion that would occur due to the new groundwater pumping for the subdivision and the 
elimination of significant irrigated field loss groundwater recharge. 
 
The seventh column in table 3.1 shows the resulting modeled annual water balance.  The water 
balance indicates that in this scenario there would be an additional 1,700 acft/yr of consumptive 
groundwater pumping coupled with a 4,200 acft/yr reduction in recharge from removal of the 
flood irrigation and the elimination of field loss on these grounds.  Assuming the existing water 
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right for the flood fields is sufficient to provide for 2 irrigation applications, there would a total 
of 6,500 acft/yr of water savings (the estimated annual irrigation requirement for the current 
1,050 acres of flood fields in the subdivision).  This water savings could be put to use on other 
fields or for other beneficial uses given a change in the water right. 
 
The water balance indicates that the new groundwater use in conjunction with taking the flood 
irrigated fields out of use will cause a 2,400 acft reduction in streamflow and 3,400 acft 
reduction in subirrigation ET.  The reduction in modeled subirrigation is significant in this 
scenario.  Model results not shown in the figures indicate that the bulk of this reduction in 
subirrigation would occur along the riparian corridor of Indian Creek and Left Fork, both of 
which flow through the modeled subdivision.  This suggests that existing riparian areas along 
these creeks would dry up and streamflows would be reduced which could result in fishery 
impacts.  Under the current conditions situation, the model shows subirrigation due to a high 
water table of the flooded fields in and below the subdivision.  With the modeled subdivision 
replacing irrigated agriculture, this subirrigation would be eliminated, indicating that the water 
table would drop over an area greater than the subdivision.  A smaller reduction in subirrigation 
of riparian areas near Leonard Slough at the valley bottom is also seen in the model indicating 
the water table is lowered at a distance of 5 miles below the modeled subdivision. 
 
Figures 3.2.6-1 and 3.2.6-2 show the simulated hydrographs for the Ruby River at Silver Springs 
Bridge and Seyler Lane.  Again, it is difficult to see the difference in the two hydrographs 
presented in each figure because the reduction in streamflow due to the modeled subdivision is 
small relative to the total flow.  Streamflow reduction at Silver Springs Bridge varies from about 
1 cfs in spring to 2 cfs in the fall.  Streamflow reduction at Seyler Lane varies from a low of 
about 1 cfs in late spring and is 5-6 cfs during summer and fall.  The impact of this subdivision 
on river flows compared to the dry land subdivision scenario is greater at Seyler Lane because 
the modeled subdivision is located lower in the watershed, below Silver Springs Bridge.  The 
loss of several cfs of streamflow during the late summer would reduce the amount of water 
available to existing surface water right holders.  However, in this scenario much of the loss of 
stream flow is due to the elimination of flood irrigated acreage and 4,200 acft of field loss 
groundwater recharge.  How the water rights that supply the existing flood irrigation were 
changed would determine actual impacts to streamflow.  The flooded fields are currently 
irrigated with Wisconsin and Indian Creek water indicating that flow in these streams would 
potentially be increased if the irrigation water were not diverted. 
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Figure 3.2.6-1: Ruby River at Silver Springs Bridge subdivision on former flood irrigated 
fields scenario. 
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Figure 3.2.6-2: Ruby River at Seyler Lane subdivision on former flood irrigated fields 
scenario. 
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4.0 MODELING APPLICATION TO OTHER WATERSHEDS 
The Ruby Groundwater/Surface Water Interaction Modeling Project is focused on water resource 
issues directly pertaining to the Ruby Valley.  Data collection, modeling objectives, and 
predictive modeling performed were all guided by local concerns regarding how land and water 
use affects the interconnected groundwater and surface water resources in the valley.  The 
modeling performed has been effective at addressing these concerns and the purpose and 
objectives of the project outlined in the introduction to this report. 
 
There is interest as to how the modeling approach used in the Ruby could apply to other 
watersheds in Montana, watersheds that are experiencing issues related to instream flow, 
conversion of agricultural lands to development, changes in irrigation practices, increased 
groundwater withdrawals, issues related to low summer streamflows, water quality and their 
effects on aquatic life, changes in runoff timing, and other issues that affect our state’s water 
resources.  Hydrogeologists typically refer to the geologic settings typical of the valleys of 
Southwest Montana as alluvial basins, and this terminology will be used here.  This section 
discusses the potential for application of conjunctive surface-groundwater modeling like that 
used in the Ruby to simulate groundwater/surface water interactions in other alluvial basins of 
Montana.  In this, the strengths and limitations of this approach are evaluated and the likely 
minimum required data needed to model other alluvial basins are described. 
 
4.1 Issues Related to Scale 
The Ruby Model was designed to answer questions regarding the affects of large-scale changes 
in land and water use on water resources at the basin scale.  One focus of the project is the 
connection between irrigation practices across the valley and stream flow in the Ruby River.  To 
answer questions regarding Ruby River flows, the model was set up to at a large scale.  The 
model cells are 100x100 m and stream and ditch features are calibrated at reach scales of several 
thousand feet to several miles.  In developing the model at this large scale, an ability to simulate 
small scale hydrologic process is lost and the model cannot accurately predict groundwater levels 
or stream interaction which occurs on smaller scales.  For example, the model as set up is 
inappropriate to use to simulate the annual hydrograph in a single well, and the model will not 
accurately predict changes in stream gain along a section of stream less than one mile in length.  
Despite these issues related to scale, the MODFLOW and STR1 modeling code used are highly 
scalable, meaning the code can be applied to small scale issues such as field-scale irrigation loss 
and return flow or to basin-scale problems.  However, the data required for a field-scale model 
would be of a much higher resolution than that available in the LRVGMP. 
 
As discussed in section 2.1.1, other studies have successfully applied MODFLOW to evaluate 
surface water-groundwater interactions at the basin scale.  The critical factor in the Ruby Model 
and these other studies is developing and calibrating the model with appropriate methods to 
answer questions at the scale of the alluvial basin modeled.  Given the ability to apply the model 
code at a wide range of scales, the prospects for developing conjunctive surface-groundwater 
models for other alluvial basins in Montana are positive. 
 
4.2 Minimum Data Requirements 
The Ruby Model applies MODFLOW and the STR1 package to simulate groundwater-surface 
water interactions in an alluvial basin in which streams, the valley river, and irrigation features 
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have identified and measureable hydraulic connection with the groundwater system.  The 
following discussion identifies the minimum data requirements for modeling other alluvial 
basins in Montana and does not apply to modeling bedrock or confined groundwater systems. 
 
Minimum data requirements for modeling other Montana alluvial basins using MODFLOW and 
the STR1 or similar streamflow-routing package are similar to that used in the Ruby Model.  
Anderson and Woessner (1992) is a good reference for general data needs to develop first a 
conceptual model and then a computer model of a groundwater system.  These generalized needs 
for groundwater modeling are not all repeated here.  Instead, emphasis in this discussion is 
placed on those data needs particular to modeling groundwater-surface water interactions in the 
alluvial basins of Montana. 
 
Head 
Head measurements are typically measured as static water levels in piezometers or wells.  Head 
measurements distributed throughout the modeled area are necessary to determine the elevation 
of the water table and its proximity to the land surface and to surface water features as well as to 
calibrate the modeled flow-field.  The spatial distribution of head measurements should ideally 
be chosen to provide more detail in those aquifers which are hydraulically connected to 
important surface water features and in those high transmissivity aquifers which convey the bulk 
of groundwater flow.  The higher transmissivity aquifers in Montana tend to be Quaternary 
alluvial sediments which form the floodplains and valleys of modern streams.  In some settings 
in Montana including the Ruby Valley, coarser-grained Tertiary sediments also have high 
transmissivity, often owing to their great thickness.  What this means in practice is that it is 
important that wells are available for static water level measurement in surficial aquifers near 
significant surface water features in a basin.  Seasonal water level measurements over a one year 
time frame are useful for calibration of the model to seasonal changes in elevation of the water 
table so as to capture effects on stream-groundwater hydraulics. 
 
Groundwater-surface water flux 
Flux data needed to calibrate a basin groundwater-surface water model includes synoptic flows 
on streams, rivers, and springs as well as irrigation water conveyance features.  These flux 
measurements are critical for calibration of stream exchange in the model.  Flux measurements 
also provide more useful constraints for calibration of groundwater flux than do head 
measurements.  This owes to the concept that head measurements alone do not provide unique 
constraints on groundwater flux because head is a function of both recharge and K, and estimates 
of these typically include considerable uncertainty.  For these reasons field data for a 
groundwater-surface water interaction model should emphasize collecting synoptic flux 
measurements. 
 
Future modeling efforts would benefit from targeting flux measurements on those surface water 
features which are likely to have the greatest exchange with the groundwater system.  In typical 
settings in the alluvial basins of Montana this requires synoptic flux measurements on major 
irrigation canals or ditches, sloughs, creeks and the valley river.  Water loss from irrigation 
ditches can be discussed with local water users to get information regarding where the greatest 
water losses occur; these areas can then be targeted for synoptic seepage measurement and 
compared with other measured seepage in the study area.  Irrigation water users commonly 
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describe that ditches tend to lose the most water when they are initially turned on in the spring.  
If time or budgets allow for only one set of synoptic measurements to be taken on ditches, 
measurement should be made far enough into the irrigation season that loss from a particular 
ditch has begun to stabilize.  Although multiple synoptic flow measurements may be useful to 
describe how ditch loss changes as a function of time, it would generally be preferred to have 
measurements from additional ditches than to have multiple measurements from the same ditch 
to provide better spatial coverage to the calibration data. 
 
Where the model is developed to predict flow in a major valley river, synoptic flows should be 
taken along as much of the river as possible.  Data collected for the Ruby Model includes flow 
measurement of major valley sloughs that are fed by spring flow.  These sloughs represent a 
major component of groundwater discharge to surface water in the Ruby Valley and this is 
expected to be the case in other major river systems in Southwest Montana. 
 
Seasonal synoptic seepage data would be beneficial for important natural surface water features 
in the modeled area.  Streambed seepage will often change as a function of stream stage and 
water table elevation.  Seepage estimates for different times, for instance summer and winter, 
would help to compare seasonal changes in stream-groundwater exchange and would add an 
additional calibration constraint during model development. 
 
Streamflow 
Gaging data for streams and rivers which enter the modeled alluvial basin are necessary to 
provide inflow to the STR1 features in the model.  Continuous streamflow records may not be 
necessary because streamflow will be attributed to STR1 by modeled stress period.  Therefore, 
streamflow records should be sufficient to assign a representative streamflow to each stress 
period.  The delineation of stress periods will be specific to the model according to the types of 
stresses operating on the groundwater system in a particular basin.  The Ruby Model makes use 
of 4 or 5 stress periods for streamflow to generalize the seasonal hydrograph for individual 
creeks and the Ruby River.  The stress periods in the Ruby Model are designed to capture the 
important components of spring runoff as well as typical baseflow from late summer through the 
winter.  In delineating the stress periods for the Ruby Model, from 2-14 gage measurements per 
stream per year were used to assign stress period flow to mountain streams, whereas continuous 
flow gaging was available from USGS for the Ruby River.  Generally, more flow estimates are 
needed to adequately describe more complex hydrographs.  In developing the Ruby Model, flow 
estimates were necessary even for very small creeks with flow on the order of ½ cfs because 
these streams provide important sources of groundwater recharge and control the water table 
elevation in the vicinity of the stream. 
 
Irrigated field loss 
Estimates of irrigated field loss are necessary to model any alluvial basin where irrigation is 
widespread or where irrigation is a significant component of the basin groundwater budget.  For 
instance, in the Ruby Model, irrigated field loss contributes 38% of the annual inflows to the 
groundwater system.  In the Ruby Model, estimates of irrigated field loss were derived using 
NRCS Farm Irrigation Rating Index software to calculate the average irrigation efficiency of 
common soil types in the Lower Ruby Valley.  Other studies, such as Uthman and Beck (1998), 
use assumed irrigation efficiency values.  Ideally, estimates of irrigated field loss would be 
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derived based on local conditions including soils, slope, and knowledge of typical irrigation 
water management for an area.   
 
Groundwater use 
Major groundwater withdrawals should be determined for a modeled area.  Water rights on 
record with Montana DNRC can be used to estimate groundwater pumping from high yield wells 
including municipal sources.  In the instance of low yield individual household and stock wells, 
appropriations up to 35 gpm/10 acft/yr are permitted under a DNRC Groundwater Certificate.  
These individual well uses are difficult to quantify because holders of a Groundwater Certificate 
often do not pump the maximum rate and volume allowed.  Additionally, much of the water use 
for domestic purposes is returned via a septic system as described in section 2.3.1 in the 
description of boundary condition changes for the subdivision predictive scenarios.  In areas such 
as the Ruby Valley where population is rural and sparse it is likely reasonable to assume that 
individual domestic pumping has an insignificant effect on the groundwater system water 
budget.  In areas of denser rural development, well data available from the Montana Bureau of 
Mines and Geology Groundwater Information Center (MBMG GWIC) may be used to locate 
individual wells in a model.  Assumptions would likely have to be made as to how much 
consumptive use occurs from the individual domestic and stock wells in the GWIC database.  In 
practice, the exclusion of individual domestic wells from a model may not adversely affect the 
predictive capabilities of the model because the principle of superposition (Reilly et al., 1987) 
applies and new stresses to the model would be accurately simulated.  Instead, exclusion of 
individual domestic and stock wells would only affect the assignment of outflows in modeled 
water balance. 
 
Hydraulic properties and aquifer thickness 
Field methods for determining aquifer properties have been widely published.  However, field 
methods typically rely on drilling, logging, and aquifer testing of wells.  At the basin scale, 
exhaustive drilling and testing of the numerous sedimentary environments present, both shallow 
and deeply buried, could easily cost millions of dollars.  Alternatively, aquifer lithology can be 
evaluated by reviewing the driller’s logs available in the GWIC database.  Deeper wells may 
allow aquifer thickness to be determined.  However, existing wells that penetrate through 
surficial aquifer are rare owing to the fact that wells are typically only drilled deep enough to 
supply the required yield of water. 
 
In the LRVGMP costs were lowered by restricting aquifer testing to existing wells.  Existing 
wells were tested in different aquifers, to characterize different sedimentary lithologies, in order 
to provide data on the differences in hydraulic properties between the aquifers.  This testing of 
existing wells had both benefits and drawbacks.  The benefits include that costs were within the 
project budget and that the aquifer testing does provide information valuable for characterizing 
the general layout of high and low transmissivity aquifers.  However, in a few circumstances the 
values of transmissivity calculated were too low for the geologic setting and appeared to be 
related to the completion of wells in lower permeability strata or to well construction techniques.  
Using existing wells required that only those wells which were not currently plumbed to pressure 
tanks be used.  Several of those wells selected for aquifer testing were essentially abandoned 
well casings and these wells may have been abandoned because of their poor performance.  It is 
also difficult to get an accurate portrayal of the bulk hydraulic properties of heterogeneous 
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sedimentary deposits when wells are typically completed in thin stratigraphic layers which 
produce sufficient water for the well owners needs.  In light of these drawbacks, hydraulic 
properties for the Ruby Model were estimated based on a combination of sources including 
driller’s logs of formations encountered, aquifer testing, and published literature on typical 
hydraulic conductivity of sedimentary lithologies.  It is anticipated that other alluvial basin 
models in Montana, unless developed for a basin which has been highly studied, will rely on 
similar techniques.  Additionally, the tighter constraints are on groundwater recharge (from 
irrigation and surface water loss) and groundwater discharge (stream gains, ET, and spring 
flows) the more accurate the calibrated values of hydraulic conductivity in the model will be. 
 
Values of storativity are typically measured by aquifer testing using observation wells.  
However, these storativity calculations are notoriously error prone.  In the Ruby Model, 
storativity for the surficial unconfined aquifers was estimated using published values.  Accurate 
characterization of the distribution of effective porosity and specific yield is more critical when a 
model will be used to simulate chemical transport times or the transient response to new 
boundary stresses such as the expansion of a pumping cone of depression.  In the Ruby Model 
the objective is to predict the long-term equilibrated effects of water management change and 
therefore errors due to uncertainty in the storativity are less likely to affect the model predictions.  
Accurate storativity values may be more critical when transient water level fluctuations effect 
groundwater-stream interactions such as where a seasonal water table rise increases spring 
discharge.  In these cases, calibrating specific yield (Sy) to the seasonal hydrograph of wells near 
hydraulically connected surface features would be an effective way to determine appropriate 
storativity values.  Values of specific storage (Ss) for confined aquifers can be estimated using 
published values.  In the case of confined aquifers, uncertainty in storativity is less likely to 
affect transient groundwater-stream hydraulics. 
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5.0 RECOMMENDATIONS  
The Ruby Model is adaptable to answering additional and new problems related to water 
management in the Lower Ruby Valley.  In addition to new uses, model predictive capabilities 
will benefit from additional model calibration data and validation.  The items listed below are 
recommendations for collection of additional data and potential future uses of the model.    

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

2. Calibration of the model ET boundary:  Calibration of model ET would improve the 
certainty of predictive simulations and modeled water balances.  The modeling software 
used is not programmed to output an array of simulated ET magnitude.  However, the 
software does output net recharge (recharge minus simulated ET).  Either programming 
MODFLOW to output an ET array or calculating ET magnitude from the net recharge 
array by subtracting the recharge array would provide an additional calibration target.  
The resulting ET array should be compared to estimates of ET magnitude and spatial 
distribution derived from satellite vegetation greenness indices (e.g.: Kondoh and 
Higuchi, 2001; Nagler et al., 2005), color airphotos, or ET modeling results. 

3. Wellhead protection: New public water supplies in Montana are required to submit a 
Source Water Protection Plan (SWPP) to DEQ.  For groundwater sources, one 
component of a SWPP is the delineation of groundwater flow to a well.  Groundwater 
travel time may also be used to evaluate potential hazards to the water supply within an 
inventory zone.  The Ruby Model can be used for evaluating the hydrogeologic setting of 
new public groundwater supplies, delineating hazard inventory zones, and source water 
protection areas.  Additional site specific calibration of effective porosity and specific 
yield (Sy) would aid in simulating accurate groundwater velocity and contaminant travel 
times. 

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

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

6. Site specific calibration: Application of the Ruby Model to evaluate potential impacts 
from site specific management changes (i.e.: a large subdivision or field-scale irrigation 
efficiency improvements) would benefit from additional calibration data specific to the 
proposed management change.  Predictions regarding the effects of water management 
change on surface water flows would benefit from additional calibration data for 
potentially effected surface waters.  For instance, additional synoptic flow data for a 
creek which is local to a proposed large subdivision would aid in making reliable 
predictions about how new consumptive groundwater uses would affect flow in the creek.  
Where changes in irrigation practices are to be evaluated, site specific calibration data on 
the current management of irrigation water for a specific area (field-scale water use and 
timing) would increase the reliability of predictions regarding how irrigation efficiency 
improvements would affect groundwater and surface water flows.  Likewise, if specific 
canal or ditch loss improvement is to be evaluated, additional synoptic flow 
measurements along affected sections of the ditch would improve the reliability of 
predictions regarding potential lining projects.  In these examples as well as other 
potential model applications, there is a need to evaluate which additional calibration data 
would provide the greatest constraints on model response given the site specific 
application. 
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