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ABSTRACT

The complex hydrologic system and water resources of the Big Wood River-Silver
Creek watershed located in Blaine County, Idaho, were examined in this study. Population
growth, land use changes, and irrigation system modifications have altered this complex
system resulting in concerns about future water availability, stream flows, and riparian
habitat of Silver Creek and the Big Wood River. The USGS three dimensional ground
water flow model, MODFLOW, was successfully applied to the aquifer system
downstream of Hailey. Aquifer responses to changes in the water budget were quantified
through use of the model. For the Big Wood River watershed above Hailey (the “Upper
Valley”), the water yield, current water usage, and demand associated with population
growth were estimated. For the remainder of this report, the phrase, “Upper Valley”, is
used to refer to that area and portion of the study.

The mean annual precipitation on the Upper Valley watershed was estimated in
excess of 1.1 million acre-feet (af). The estimated annual water yield from the Upper
Valley was 396,000 af. The Upper Valley mean annual surface and ground water
diversions were estimated at 54,700 acre-feet per year (af/y), with an associated
consumptive use of 18,300 af/y. For the lower system, the Big Wood River-Silver Creek
aquifer area, the combined surface and ground water diversions were estimated at 192,000
af/y, with approximately 107,100 af/y consumptively used. For the entire area, municipal
diversions were estimated at 10,000 af/y of the 246,700 af/y diverted.

Additional rural subdivision development from irrigated lands will have the least
impact on consumptive use if the building density is high. Change in consumptive use is
insensitive to building density for new rural subdivisions on non-irrigated lands where
parcel areas are in excess of one-half acre. The relative impact on consumptive use in the
Upper Valley through the conversion of irrigated ranch land to golf courses with turf

irrigation is minimal.



Surface diversions for irrigation from the Big Wood River have been declining since
the 1970's. Based on ground water flow model simulations, continued irrigation with
surface diversions from the Big Wood River will be crucial in maintaining the Big Wood
River-Silver Creek aquifer water table elevations and associated spring flows to the Big
Wood River and Silver Creek. Managed recharge of the aquifer system from available Big
Wood River flows have the potential for the largest positive impact on aquifer levels and

Silver Creek flows of any water use changes simulated in this study.



INTRODUCTION

Continued population expansion and changes in irrigation technology, climate,
environmental priorities, and land use have altered water resource needs and supplies in the
Big Wood River-Silver Creek watersheds (Figure 1) over the last twenty years. Several
droughts (1977 and 1987-1992) during which runoff averaged about 60 percent of normal
on the Big Wood River, have further aggravated the delicate water situation. Consequently,
Idaho’s world famous Silver Creek has experienced decreased flows. This blue ribbon trout
stream is known for its slow-moving, cold, crystal clear spring water which supports an
abundance of aquatic and terrestrial life, such as rainbow and brown trout, bald and golden
eagles, sandhill cranes, hawks, and deer. Low flows during hot summer days in 1992
caused elevated water temperatures and dissolved oxygen depletion resulting in a fish kill
for the first time in recorded history.

Population growth in the Big Wood River Valley has called into question the
available water supply. The Nature Conservancy and the irrigators in the Big Wood River-
Silver Creek aquifer area have expressed their concern about the declining spring flows and
water table levels. Local planning commissions and government officials would like better
information regarding the quantity and quality of this valuable resource. Citizens of Blaine
County, The Nature Conservancy, and irrigators in the area expressed a need for a
hydrologic study to define the aquifer system interaction and responses to increased
demand.

While geologic and hydrologic conditions in the Big Wood River and Silver Creek
basin are complex, this basin has supplied water for domestic use and irrigation in this part
of Blaine County since 1881 and helped to retain the quality of life in the Wood River

valley for many years.

A hydrologic study for the Big Wood River-Silver Creek aquifer system was
proposed in two phases by the University of Idaho under the auspices of The Nature

Conservancy of Idaho and the Idaho Water Resources Research Institute. The purpose of



the first phase (Kahlown and Brockway, 1994) was to collect hydrologic, geologic,
meteorologic, and land use data associated with the Big Wood River-Silver Creek aquifer
system south of Hailey and north of the Timmerman Hills (Figure 1). The second phase of
the study was to develop a three dimensional ground water flow model for the multi-layer
aquifer system, using the data collected in the first phase of the study. The developed
ground water model would then be used to evaluate “what if” scenarios for better
management of water resources.

Phase II of the study was a continuation of Phase I (Kahlown and Brockway, 1994) in
which hydrologic data from the first phase were used to calibrate a numerical ground water
flow simulation model for the Big Wood River-Silver Creek aquifer system. Also, data
from the first phase were utilized to develop data sets for various hypothetical scenarios.
The first portion of this report covers the calibration of the aquifer geohydrologic
parameters and presents the results of different scenarios simulated with the calibrated
ground water model. The actual study area in Phase II was expanded to include the Big
Wood River watershed upstream of Hailey (Figure 1). The study objectives were also
extended to answer questions with respect to water supply and demand in the upper valley,
although the upper valley aquifer was not modeled. The last part of this report covers the

findings on water supplies, uses, demands, and needs north of Hailey.
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OBJECTIVES

The primary objectives of Phase II were to develop a ground water flow model using
the hydrologic and land use data collected in the first phase and to utilize the model in
understanding and evaluating the Big Wood River-Silver Creek aquifer system response to
changes in land and water use. An additional objective was to evaluate the availability of
ground and surface water resources in the Hailey-Sun Valley area of the Big Wood River
relative to current and future land use and population growth.

The following study objectives and specific products and questions were identified by
a citizens’ steering committee, coordinated by The Nature Conservancy. These objectives

are presented in no particular priority or chronology.

o Estimate the amount of water being withdrawn from the Big Wood River-Silver Creek
watershed south of the Sawtooth National Recreation Area, including surface and
ground water diversions and evaporation loss.

* Quantify the annual recharge of the Big Wood River-Silver Creek aquifer system.
o Estimate the underflow leaving the Big Wood River-Silver Creek aquifer system.

e Provide an analysis comparing water requirements associated with various land uses in
the Big Wood River-Silver Creek watershed.

» Procure the three-dimensional ground water flow model code selected in Phase 1.

» Develop and calibrate the ground water flow model for the Big Wood River-Silver
Creek aquifer system.

o Predict the impact on future water supplies based on different land use scenarios in the
Big Wood River-Silver Creek watershed.

« Simulate the response of the Big Wood River-Silver Creek aquifer system to potential
climatic, land use, and man-induced changes.

o Procure and evaluate existing data and develop additional hydrologic, land use, and
water use data in the Hailey-Sun Valley locale.

« Estimate the water resources and evaluate the impacts of future development on the
water resources of the Hailey-Sun Valley locale.



PREVIOUS INVESTIGATIONS

There have been several investigations of water resources in the Big Wood River and
Silver Creek watersheds. Some the earliest work was conducted by the United States
Geological Survey (USGS) in the 1950s (Jones, 1952 and Smith, 1959). Castelin and
Chapman (1972) studied the surface and ground water relationships in the lower part of the
valley. Castelin and Winner (1975), Luttrell and Brockway (1982, 1984) and Frenzel
(1989) evaluated the relationship between surface and ground water as well as the water
quality. Their studies were conducted in the upper and lower regions of the valley.

The Big Wood River-Silver Creek aquifer system was previously modeled by
Brockway and Grover (1978) using a two-dimensional ground water flow model. Upper
(water table) and lower (confined) aquifers in the system were modeled separately in an
iterative fashion with feedback between the separate models. The results from one model
were used for input into the other, whose results were used for input to the first model,
iteratively. Information on aquifer parameters and properties from that study served for

comparing and contrasting the parameters and properties developed in this study.

METHODOLOGY

The phase 1I study was originally based on a plan of work developed prior to the
phase I study. However, after the completion of phase 1, the plan of work and study area
were expanded. To facilitate the additional area and objectives, this study was split into
two components which were addressed separately. The first component addresses
objectives from the original plan of work on the Big Wood River-Silver Creek aquifer
system south of Hailey. The second component addresses the additional objectives
concerning the water supply of the Big Wood River watershed north of Hailey, or the

Upper Valley.



BIG WOOD RIVER-SILVER CREEK AQUIFER SYSTEM
GROUND WATER MODEL

GROUND WATER STUDY AREA

The ground water study area, known locally as “the Bellevue Triangle”, includes
portions of the Big Wood River and Silver Creek watersheds (Figure 2). The
approximately 57,100 acre area is bounded by Hailey on the north, Stanton Crossing on the
southwest, and Priest Road on the southeast. Mountains surround the entire valley. The
cities of Hailey and Bellevue are in the northern part of the area, and two small
communities, Gannett and Picabo, are situated in the southern part. Primary thoroughfares
are U.S. Highway 75 and Idaho State Highway 20 which service the area in the north-south
and east-west directions, respectively.

The modeled area is two miles wide at the apex of the triangle at Hailey and 15 miles
wide at its widest point in the east-west direction, and approximately 17 miles long in the
north-south direction. Land surface elevations in the valley vary from approximately 4,750
feet at Priest Road to 4,800 feet at Stanton Crossing to 5,300 feet at Hailey. The valley
floor has an average slope of only 30 feet/mile in the north-south direction.

For purposes of this report, Stanton Crossing is commonly referred to as being the
southwest boundary of the ground water model. The actual model boundary was located to
include the mouth of Willow Creek at the Big Wood River (one mile west of this bridge).
The USGS stream gaging station is 1/4 mile west and out of the study area, but the flow
measurements of the Big Wood River exiting the area were assumed to occur at the model
boundary. Hailey represents the northern boundary of the ground water model area, where
the USGS operates a stream gage on the Big Wood River. Priest Road is commonly
referred to as the southeast boundary of the model. A stilling well and continuous stage
recorder were installed and operated by University of Idaho personnel on Silver Creek near

the Swanson’s Bridge and Priest Road bridge sites.
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Geologic Framework

The Big Wood River-Silver Creek aquifer system is composed of Quaternary age
alluvial deposits of gravel, sand, silt, and clay bounded by relatively impermeable
mountains and basement complex formed by Tertiary and earlier aged sedimentary,
volcanic, and granitic rocks. Based on prior geologic investigations and the interpretations

of Smith (1959), Castelin and Chapman (1972), and Moreland (1977) Figure 3 generalizes
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the geologic formations associated with the area.

~  Tertiary age and earlier sedimentary,
% granitic, and volcanic rocks

Quaternary basalts (Snake River)

Quaternary alluvium fill

Stanton .,
Crossing /D'

Figure 3. Generalized Geology of the Big Wood River -Silver Creek Area

The system is a result of repeated lake forming events between the three mountainous
sides. It is generally believed that the original course of the Big Wood River was from
Bellevue southeasterly to Picabo where it exited the valley. Basalt flows blocked the
southeast exit causing a lake to form. As a result, gravel and other coarse-grained material

was deposited in the upper, northern valley area, with silt and fined-grained material
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deposited in the southern part. Eventually, water levels rose sufficiently causing the river to
exit via the southwest corner, in the Stanton Crossing area. Another basalt flow occurred
blocking the southwest exit. The lake reformed and additional depositions occurred until
the river found another exit. Over time, various basalt flows occurred blocking the river’s
exit and reforming the lake. Sometimes the blockage would result in the river changing its
exit point from one corner to the other corner. Glacial events occurred several times during
the lake forming period. The resulting glacial melt produced poorly sorted glacial outwash
material deposits over the valley. The resulting valley surface is presently convex upwards
and only a shallow surface-water divide separates the Big Wood River and Silver Creek
drainages.

These events explain the heterogeneous nature of the alluvial deposits forming the
valley fill and aquifer material. Cross sections of the valley fill presented in Figure 4 and
referenced in Figure 3 simplify this complex lithology. The figures were based on material
presented by Smith (1959), Castelin and Chapman (1972), and Moreland (1977). The
relatively thick, fine-grained layers in the southern and westerly areas confine the aquifer.
Thus, in the northern area, a single water table aquifer exists. This aquifer transitions into a
confined aquifer and a water table aquifer to the south. The system transitions back into a
single water table aquifer going to the southeast as the fine-grained sediment layers

diminish and the valley alluvium shallows out with basalt basement intrusion.

Aquifer System

Brockway and Grover (1978, p. 15) stated, “It is difficult, if not impossible, to
identify all the layers present in this alluvial system.” A three layer model was selected to
approximate the high degree of vertical stratification. Generally, north of Baseline Road,
the system was assumed to be a single layer, water table aquifer consisting of larger grain
material except for the southern and western side. Between Glendale Bridge and Baseline
Road, the system transitions into a three layer system. The upper layer was assumed to be

a water table (unconfined) aquifer and the lower layer was modeled as an artesian
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(confined) aquifer. These two aquifers are separated by an aquitard consisting of clay

lenses with low permeability and varying thickness and spatial extent. This three layer

r 5200

Cross Section A-A’

Basement complex | 5100 Cross Section D™-D

. (Tertiary or pre-Tertiary rocks}

I 5000
. Quaternary basalts .
(Snake River) | “;\

" Fine-grained deposits |48
{silt and clay)

4700
Coarse-grained deposits

(gravel and sand) + 4300
7~ ——"" Approximate water elevation for the unconfined aquifer Cross Section E-E'
— Approximate piezometric surface for the confined aquifer areas

Approximate location and depth wells

Figure 4.  Geologic Cross Sections of the Big Wood River-Silver Creek Area.
system continues southward to Stanton Crossing and Picabo. The aquifer system
transitions back into a single water table aquifer in the southeastern corner of the study

area. A small, localized, perched aquifer overlays the water table aquifer north of Picabo.
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Figure 5 shows the extent of these modeled aquifers and aquitard. In this study, the

confined aquifer and associated aquitard was identified farther north than previously

defined by Brockway and Grover (1978). This redefinition of boundaries was done to

eliminate irregularities that develop at the boundaries while running the model and to allow

unimpeded flow from the lower layer to the upper layer. Several cells were added in the

southeast region (south of Picabo) to make the modeled area wider in this region to reduce

the effects of boundary conditions.
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Figure 5.
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There is a ground water divide that runs approximately parallel to and east of State
Highway 75 in both the confined and unconfined aquifers. Ground water flows from this
divide either westerly towards Stanton Crossing or easterly towards Silver Creek and Priest

Road.

SURFACE HYDROLOGY

The Big Wood River flows along the western side of the study area in a southerly
direction from Hailey to below Stanton Crossing. The northern part of the channe] is made
up of highly permeable materials contributing to a large seepage loss of the Big Wood
River in this portion. During the late summer months, the entire flow of the river is
diverted for irrigation into major canals (Figure 6), leaving the riverbed dry from Glendale
Bridge to below the Boise Baseline. In the southern part of the Big Wood River, springs
appear in the channel and the river starts flowing again. Several springs emerge below the
Baseline and develop into streams that also flow into the Big Wood River, increasing the
flow at Stanton Crossing. Silver Creek is a meandering stream fed by numerous springs in
the southern region. It flows in an east-southeast direction leaving the area below Picabo at
Priest Road. Silver Creek is a gaining (aquifer discharges into it) stream above Swanson
Bridge and a losing stream (recharges the aquifer) below Swanson Bridge (Figure 6).

Two separate water measurement districts regulate the surface water diversions in
this area. Water District 37 controls the surface water that is diverted out of the Big Wood
River and Water District 37M regulates the diversions out of Silver Creek and its
tributaries. Both Water Districts are under the direction of the same watermaster in

Shoshone, Idaho.

Underflow
Ground water underflow from the upper Big Wood River Valley enters the study area
at Hailey (Figure 6). At the Priest Road vicinity (Figure 6), underflow discharges into the

Snake River Plain aquifer. Ground water underflow to the west, at Stanton Crossing, 1s



considered negligible due to geologic boundaries (Brockway and Grover, 1978). No

significant overland flow or underflow was assumed to enter the study area from the

surrounding hills.

Big Wood River

Reach 1

Figure 6. Hydrologic Features

Model Area Boundary
Major Streams
Major Highways
Identifying Features
Gaging Stations
Major Canals
1 = Dist. 45 Main Canal
2 = Glendale Canal
3 = Bypass Canal
4 = Dist. 45 West Canal

5 = Dist. 45 Central Canal
6 = Dist. 45 East Canal

Priest Road

15
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MODEL DESCRIPTION

Numerical Simulation Code

The computer code used for simulating the aquifer system was the USGS modular
three-dimensional, finite-difference, ground water flow model, MODFLOW, by McDonald
and Harbaugh (1988). The modules used for this study include the BAS (basic), BCF
(block-centered flow), WEL (well), RIV (river), DRN (drain), RCH (recharge), SIP
(strongly implicit procedure), and OC (output control). Commercial pre- and post-
processors were not used for developing, calibrating, or viewing the model.

The model is operated in either steady-state or transient mode. In steady-state mode,
the inflow equals the outflow with no change in storage occurring and time is not
considered. In a transient mode, the model considers change in storage over time.
Transient simulations produce a set of heads and discharges for each time step, whereas
steady-state simulations generate only one set of heads and discharges (Anderson, 1992).
Transient simulations are more complicated to calibrate and operate than are steady-state

simulations.

Model Spatialization

Temporally, the model used a time step of 15.2 days or approximately twice a month.
The time steps were defined to be one per stress period in duration. The time step length
determined the frequency for solving the finite-difference flow equations. The stress period
length determined the frequency at which inflow (recharge) and outflow (discharge)
stresses were applied or entered.

Areally, the aquifer area was divided into a grid of 34 columns, 35 rows, and three
layers. The model grid was oriented in a north-south, east-west direction so that the cells
approximate the Public Land Survey sections. The model grid and active cells are shown

in Figure 7. The cell area was defined to be a fixed dimension of 160 acres, or 1/2 mile
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by1/2 mile except for the cells on the northern most tier of Township 1 South which was a

correction section. These cells contained 215 acres.
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Figure 7. Ground Water Model Grid and Coordinates

The origin of the finite difference grid (cell 1,1) was defined as the northeast quarter
of Section §, Township 2 North, Range 18 East, near Hailey. Each cell was then defined
by coordinates in a row-column fashion, with the origin of the mode] being at the top left
(northwest) corner of the study area. The numbering system increased down (south) and to
the right (east), which is the inverse in the north-south direction of standard Cartesian

coordinate systems (Figure 5). There were 355 active cells in the model grid covering
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approximately 57,700 acres, or 90.2 square miles.

Well logs from approximately 1400 wells in the study area were evaluated to
determine the top and bottom elevation of each aquifer layer. Initial estimates of hydraulic
conductivity were made from the aquifer thickness and well drillers’ descriptions of
materials. Well drillers’ descriptions of aquifer layers varied greatly, and significant
interpretation was required to determine the aquifer interfaces. The unconfined aquifer
ranged in depth from 150 feet at Hailey to 300 feet at Priest Road. Over the confined
aquitard, the water table aquifer depth ranged from 10 feet to 150 feet. The middle layer,
or aquitard, ranged from 0.0 feet to 50.0 feet thick. The confined aquifer varied in depth
from 20 feet to 150 feet. Aquifer thicknesses and elevations were supplemented with
values reported by Brockway and Grover (1978).

The water surface elevations were estimated from the mass measurements of the 80
observation wells obtained during the Phase I study. The monitoring network and
observation well locations are fully described in the Phase I report. The water surface
elevation and the elevation of the bottom of the aquifer were used to calculate the wetted

thickness of the unconfined aquifer.

Boundaries

The limits of the model were assumed to coincide with the valley boundaries from
Hailey south to Stanton Crossing and Priest Road. All the boundary cells were simulated
as non-flow cells except for three cells at the Priest Road area. These three cells were
simulated as constant head cells and were used to simulate the underflow across this
boundary. The model boundary conditions and cells that were modeled as river and drain
cells are shown in Figure 8 and Figure 9 for layers 3 and 1, respectively. The underflow at

Hailey was simulated as a constant flow term entering the system.



19

Model Area Boundary
Cell Boundaries

Streams

Major Highways
Non-Flow Boundary Cells

Constant Head Boundary Cells

River Simulated Cells

Drain Simulated Cells

S == e 3
Lo | 1 133 TIS
o] R W Joe L ——l——4L”‘~T --------------- 1 ¢ _:_ 34 T2S
576 7?]910 1213141516 17 181920 p1 222324 | | ]L 1
- N SERCU———— l R . ‘ :
Row | I N

1 25262728 29 30 31 32133 34

RISE RI9E RI9E R20E R20E \RZIE
Figure 8. Boundary Conditions and River Simulated Cells, Layer 3

The northern boundary cells associated with layer 1 (Figure 9) are depicted as non-
flow boundary. In formulating the numeric model, these boundary cells were positioned
two nodes north of the estimated extent of the shallow unconfined aquifer. The vertical
conductivity was adjusted and calibrated to allow free flow between the underlying (layer
3) nodes and these layer 1 boundary nodes.

The ground water flows orthogonal (perpendicular) to the water surface elevation
contour lines as shown in Figures 10 through 15. Both the upper and lower aquifers show

a gradient to the southwest in the southwest corner of the area. The lower aquifer
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piezometric head elevations (water elevation due to the pressure in a confined aquifer) are
greater than the land surface in this region. Using the assumption that no underflow leaves
the valley at the southwest corner and there are no wells in the area, a gradient in the lower
confined aquifer signifies water discharges upwards through the clay lenses into the upper
layer. Thus, the ground water in the lower aquifer leaves this portion of the study area by
percolating upwards into the upper aquifer and then discharging into the Big Wood River

through springs. The contours of both layers, which are approximately perpendicular
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Cell Boundaries

Streams
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Non-Flow Boundary Cells
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Figure 9. Boundary Conditions and River and Drain Simulated Cells, Layer 1
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to the boundaries, show that underflow is insignificant along the boundaries other than the
northern most boundary at Hailey and at Priest Road.

The ground water divide running approximately parallel to and east of State Highway
75 shifts with time of year and recharge conditions (Figures 10 and 11). West of the
divide, ground water flows to springs tributary to the Big Wood River. East of the divide,
ground water discharges via springs into Silver Creek or leaves the system as underflow

into the Snake River Plain aquifer near Priest Road.

Approximate Location of
b~ Ground Water Divide

Contour Interval = 10 feet

Figure 10. Layer 1 Spring 1993 Estimated Water Surface Elevation
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Figure 11.




Figure 12.

Contour Interval = 10 feet

Layer 1 Summer 1993 Estimated Water Surface Elevation
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Contour Interval = 10 feet T

Figure 13. Layer 3 Summer 1993 Estimated Water Surface Elevation




Contour Interval = 10 feet

Figure 14. Layer 1 Spring 1994 Estimated Water Surface Elevation
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Contour Interval = 10 feet

Figure 15. Layer 3 Spring 1994 Estimated Water Surface Elevation

MODEL CALIBRATION

Ground water model calibration generally has four objectives: minimize differences
between measured (estimated) and simulated water surface elevations, minimize
differences between measured and simulated ground water fluxes, maintain aquifer
parameters within acceptable ranges for the geology of the area, and acceptable simulation
mass balance errors — numerical stability. There are fixed guidelines for the first three
objectives; however, it is generally accepted that simulation mass balance errors should be

less than 1 percent. For this model, the maximum acceptable simulation mass balance error
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was 0.05 percent. The model calibration process involved generation of the water surface
elevations (heads or hydraulic heads) during the four observation well mass measurement
periods, and the top and bottom elevations of each aquifer in each active cell. Calibration
also required development of a balanced water budget, installation of the data into the
model, and adjustment of aquifer parameters to achieve the desired output for aquifer heads
and outflows. The beginning period for the model calibration was April 16-30, 1993,
coinciding with the first set of observation well measurements. The last period of the
calibration, the 24th stress period, was for the period April 1-15, 1994. All the water
movements in and out of each cell (flux) were averages for each time step. The fluxes were

assumed constant for the time step and were applied at the center of each layer in the cell

(node).
_ . Table 1. Approximate
A table of the approximate dates corresponding to Stress Period
stress periods is presented in Table 1. This semi-monthly S Dates
ress
. Period
correlation was employed to calculate the average stress Number Dates
changes for each time step. However, for ease of data 1 16-30 Apr.
2 1-15 May
input, a constant 15.2 days (365 days/24 stress periods) per 2 116-1351JMay
-15 Jun.
stress period was used. Some graphs presented in this 5 16-30 Jun.
6 1-15 Jul.
report only have the stress period numbers shown on the 7 16-31 Jul.
8 1-15 Aug.
horizontal axis and not the dates associated with these 9 16-31 Aug.
10 1-15 Sep.
periods. 11 16-30 Sep.
12 1-15 Oct
The length measurement units used in this model were 13 16-31 Oct
14 1-15 Nowv.
feet, and the time units used were seconds. A standard 15 16-30 Nov.
16 1-15 Dec.
discharge (flow) unit of cubic feet per second (ft'/sec) was 17 16-31 Dec.
18 1-15 Jan.
utilized for modeling. 19 16-31 Jan.
20 1-14 Feb.
The model was first calibrated in the steady state 21 15-28 Feb.
22 1-15 Mar
mode using specific average annual fluxes for inflows and 23 16-31 Mar
24 1-15 Apr.

outflows except for the underflow at Priest Road. The
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model boundary cells at Priest Road were simulated as constant head cells. The horizontal
hydraulic conductivity and vertical conductance calibrated in this step were then used in
the transient calibration. The parameters calibrated during the transient calibration were
the storage coefficients for the unconfined and confined aquifer systems to match the
change in water surface elevations. The drain and river elevations with their respective

conductivities were adjusted to obtain the desired (measured) outflow hydrographs.

Water Surface Elevations

The water surface elevations measured in the observation wells during the four mass
measurements from Phase I were used to develop the heads for each active cell with an
inverse distance interpolation routine. The monitoring well network, well locations, and
measurements are fully described in the Phase I report. On the basis of the interpolated
values, additional control data points were incorporated in the data set to control the water
surface elevation interpolation along the boundaries and at the spring discharge areas.
These water surface elevations and piezometric heads were developed and contoured for
the upper and lower layers. Figures 10 through 15 show the water table or piezometric
head surfaces estimated for the confined and unconfined systems from the first, second,
and fourth mass measurements. The heads for the third mass measurement collected in
December 1993 produced contour and gradient patterns similar to the other three mass
measurements. Figures 16 and 17 show the difference between spring 1993 and spring
1994 heads. An area of decline was observed in the southwest corner of the confined
aquifer. The other changes are localized in a several cell area for both the upper and lower
aquifers. These changes could be the results of the contouring method or localized
conditions from well measurements.

In Phase I, the observation wells were assigned to the aquifer layer best represented
by the well. The unconfined aquifer water surface was developed by combining the
elevations of wells representing the water table, regardless of the physical location. The

piezometric head of the confined system was developed using the wells representative of
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the confined aquifer where an aquitard was present and the water table wells located

outside the area with an aquitard.

Contour Interval = 2.5 Feet

Figure 16. Layer 1 Difference Between Spring 1993 and Spring 1994
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Contour Interval = 2.5 Feet

Figure 17. Layer 3 Difference Between Spring 1993 and Spring 1994

The beginning head values used for calibration in the steady state mode were the
averages of the four observation well mass measurements. In steady-state mode, the
beginning heads were also the ending heads and were the desired head values for the model
to produce. The transient beginning heads were the values associated with the spring 1993
mass measurements. The target heads for transient simulations consisted of the values
associated with the remaining three mass measurements. Seasonal variations of the water

table elevation and piezometric head in the aquifers range from 5 to 20 feet as reported in
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Phase I. These seasonal head changes also produced spring flow changes. The transient
calibration objective was to simulate these measured aquifer responses and spring

discharges.

Water Budget

A water budget was completed for 1993-1994 to define the recharge and discharge
ground water components for this study period. A water budget includes all inflow and
outflow components in the ground water system and can be defined as:

inflow - outflow = change in aquifer storage

There were differences between the beginning and ending water surface elevations
for the calibration period as measured in the observation wells, but this difference was not
deemed significant (Figures 16 and 17). Therefore, the calibration inflows and outflows
for the period were assumed to be equal.

The major recharge (inflow) components for the ground water model included ground
water underflow above Hailey, seepage from the Big Wood River, deep percolation from
irrigation diversions, and precipitation. The discharge (outflow) from the system included
ground water underflow at Priest Road, spring outflows to both the Big Wood River and
Silver Creek, and evapotranspiration (ET) from crops.

The overall water budget, including surface and ground water for the modeled area, is
presented in Figures 18 and 19. Figure 18 is a conceptual depiction of the study area and
includes both surface water and ground water components. Inflow to and outflow from the
modeled area are incorporated while distribution within the area is not. Figure 19 displays
the magnitude of these flows in relationship to each other. The municipal ground water use
was associated only with Hailey and Bellevue usage. Some municipal ground water
originates from production wells and springs outside the study area in addition to water

supplied from municipal deep wells within the study area.
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Big Wood River Surface Water Flow
Ground Water Underflow

Precipitation and Snow Melt

Evapotranspiration

[ == S\

==
Big Wood Ri fer 1 Si]v
Spring and Sarface '
Flows ﬁ

Ground Water Underflow

Arrow Length Not to Scale Silver Creek Spring Flows

Figure 18. Conceptual Big Wood River - Silver Creek Aquifer System Surface and
Ground Water Budget
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Figure 19. Big Wood River -- Silver Creek Aquifer System Surface and Ground
Water Budget

Figure 20 represents the conceptual aquifer system ground water budget while
Table 2 is the ground water budget for the study area. The outflow at Stanton Crossing
includes only the ground water component produced by spring flows. The surface water
inflow at Hailey was replaced with the seepage attributed to the Big Wood River and
District 37 surface water diversions. The water supplied to the recharge pits was deducted
from these diversions. The ground water irrigation diversions were included as both
recharge and discharge to the system because many irrigated areas received water from
multiple sources and consumptive use could not be associated with a single source. Thus,
these diversion-related discharges and recharges were equal in magnitude. The
consumptive use, a separate term, depletes the combined irrigation diversion and
precipitation term. When the point of diversion was the same as the point of use, the net
effect on the cell involved would be the crop consumptive use. When the point of
diversion was not the point of use, one node experienced a recharge while another node

experienced a discharge. The ground water irrigation diversions also included the year
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around flow of the Lucke and Stevenson artesian wells and the nonconsumptive water use
of the Hayspur Fish Hatchery. Surface water irrigation diversions from Silver Creek were
also both a recharge and discharge to the system as were the ground water irrigation

diversions.

Ground Water Underflow

Municipal Ground Water
Municipal Spring and Ground Water

Precipitation and Snow Melt

Evapotranspiration

Big Wood R; Jer

Spring
Flows ﬁ
Silver Creek Irrigation Diversions
Ground Water Underflow
Arrow Length Not to Scale Silver Creek Sprmg Flows

Figure 20. Conceptual Big Wood River - Silver Creek Aquifer System Ground
Water Budget
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Table 2. Ground Water Budget
based on the water budget Source Inflows| Outflows
(afly) (afty)
presented in Figure 16 of Phase I.  |Big Wood River Diversions 99700
Big Wood River Reach | & Il Seepage 79200
The final ground water budget for  [Ground Water Irrigation 52000
Precipitation 51300
Phase II, shown in Figure 21, was  [Silver Creek Diversions 36500
Underflow at Hailey 34800
the result of additional data and Municipal Spring & Ground Water 2800
Pit Recharge 1400
analysis. (The differences among
Total Inflow 357700
the data presented in the Phase I
ET 107100
and Phase II reports are presented Silver Creek Springs 91100
here and analyzed in later Ground Water Irrigation 52000
Big Wood River Springs 38300
sections.) The largest change was  [Silver Creek Diversions 36500
Underflow at Priest Road 29300
in the Big Wood River seepage Municipal Ground Water 1400
between Hailey and Glendale Total Outflow 355700
Bridge. Phase I listed 22,400 acre-  |Error 2000

feet per year (af/y) and Phase II

uses 79,200 af/y for the calibration water budget. Underflow at Hailey (34,880 af/y),
irrigation diversions (99,700 af/y), pit recharge (1,400 af/y), precipitation (51,300 af/y), and
spring flows at Stanton Crossing (38,300 af/y) and Priest Road (91,100 af/y) remained
approximately the same as reported in Phase 1. Evapotranspiration was considerably higher,
increasing from 66,500 in Phase 1 to 107,100 af/y in Phase II. The larger seepage loss for
the Big Wood River required increasing the underflow from 11,800 to 29,300 af/y at Priest
Road.

Phase I did not include the ground water irrigation diversions and the surface water
irrigation diversions from Silver Creek in Water District 37M in the water budget. As
explained earlier, both of these types of diversions were treated as a discharge and a

recharge to the system. The other major differences were the unreported surface diversions
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that occurred after September 30 through mid-November. Other Phase I information
extracted from Brockway and Grover (1978) did not always account for differences

between the study areas.

Recharge

Underflow at Hailey

Significant boundary underflows of the Big Wood River-Silver Creek aquifer occur
at two locations, Hailey and Priest Road. The underflow at Hailey recharges the system,
while the underflow at Priest Road discharges the system. The underflow at Hailey was
assumed to be a fixed inflow that was not affected by aquifer response to stresses.

Darcy's porous media flow equation was used to calculate underflow in the northern
region of the study between Hailey and Bellevue. Darcy's equation relates aquifer flow to
saturated flow area with hydraulic conductivity and ground water gradient. Several water
surface elevation gradients were compared and averaged. The Big Wood River has a
profile gradient of 0.008 ft/ft in this region, and Phase I measured ground water gradients
associated with two wells in the area as 0.004 and 0.006 ft/ft. The average of the above
three gradients was 0.006 ft/ft. The aquifer width for the northern area was approximately
1.5 miles; the estimated saturated thickness was 65 feet based on well drillers’ logs and
other investigations (Luttrell and Brockway, 1984; Frenzel, 1989; and Brockway and
Grover, 1978). The hydraulic conductivity for gravel with fines was estimated at 0.025
ft/sec or 2160 ft/day (Das, 1994). Using this information and Darcy's equation, an
estimated aquifer flow of 78 cfs was calculated for the aquifer system south of Hailey.

Big Wood River seepage between the northern boundary and up gradient of the
underflow calculation area was estimated at 30 cfs. Therefore, the 78 cfs aquifer flow was
reduced by 30 cfs, resulting in an estimated underflow at Hailey of 48 cfs (34,800 af/y).
This underflow was distributed equally into the four northern most cells of the study area

and was assumed to be constant throughout the year.
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Other studies of the area have identified a range of underflow values. Smith (1959),
Luttrell and Brockway (1984), and Frenzel (1989) estimate underflow at Hailey as 34,000,
40,000, and 13,000 af/y (47, 55, and 18 cfs) respectively. Brockway and Grover (1978) list
a value of 59,200 af/y (82 cfs) as underflow at Bellevue, some 4.5 miles south of the
current boundary. Phase I stated that, "The variation is due to the methodology of analysis
and the values of hydraulic conductivity used." The 34,800 af/y used for this study was

comparable to most of the other studies.

Big Wood River Seepage

A major contribution to the recharge of the aquifer was the seepage of the Big Wood
River in the northern part of the valley between Hailey and the Glendale Bridge. These
seepages and canal diversions were the two factors that accounted for the decrease in
stream flow between the Hailey USGS gage and the Stanton Crossing USGS gage. The
river was subdivided into three reaches for the study as shown in Figure 6. Reach I was
from the Hailey gage to the Glendale Bridge; Reach II was from the Glendale Bridge to
above the Bypass Canal return; and, Reach III was between the Bypass return and Stanton
Crossing. Individual reach gains/losses were computed from diversion records and
measured or known stream flows entering or leaving the reach. Reaches I and II were
primarily losing reaches. The lower reach of the river, from Stanton Crossing upstream
approximately five miles, was a gaining reach due to spring discharges from the aquifer.

During the late summer months, the entire flow of the river was diverted for irrigation
through the District 45, Bypass, and other canals. These diversions left the riverbed dry
from Glendale Bridge to below the Baseline Road as verified in the Watermaster's records.
The reach gains/losses for Reaches I and III were initially estimated when the flow at
Glendale Bridge was zero. The initial estimates for Reach II losses were based on periods
with flow at Glendale Bridge and the other reach gain/loss estimates.

The Reach IIT gains during the summer months were calculated using a flow balance

from Stanton Crossing upstream, while the losses in Reaches I and II were calculated using
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a balance from Hailey downstream, with the Glendale Bridge being the central point.
During periods when the river was dry below Glendale Bridge, the Reach I losses (seepage)
were calculated as the difference between the gage at Hailey and canal diversions. Reach II
gains/losses plus Reach III gains and stream inflows equal the flow at Stanton Crossing
plus Reach II canal diversions during this period. During the winter months when there
were no diversions, Reach I and Reach II losses plus Reach III gains equal the difference
between the gages at Hailey and Stanton Crossing. Several iterations were made to obtain
average values that looked compatible for all three reaches. An increase in Reach III gain
would also mean an increase in Reach I and II losses.

Reach I was calculated as being 81% of the total distance of Reach I and Reach II.
These two reaches were then linked together when both reaches were losing at the same
time, yielding the loss proportional to the length of the distance of the Big Wood River in
each reach. The river loses 80% of its flow to seepage during the low flow periods
(Table 3).

The estimated reach gain/loss from the above procedure was used in the initial phase
of the steady-state calibration process. When the horizontal and vertical conductivities
used to calibrate the steady-state model were utilized in the transient calibration, the model
would not converge. The calculated heads of the northern region of the model area were
either too high when compared to the mass measurement heads of the summer of 1993 or
too low when compared with the winter of 1993 mass measurements. Because of the high
volume of water estimated to be flowing as underflow in the narrow valley, horizontal
conductivity values were increased to allow for ground water movement through the valley
as well as to allow simulation of the higher summer heads. When the high seepage rates
due to spring time river flows and percolation from excess irrigation water application

where reduced or removed, the heads decreased below desired levels. With the high



Table 3.  Big Wood River Gains and Losses by reach.
Reach Il
Losses

Flow @ Reach | Flow @ Percolation Flow @ Reach Ill Flow @

Time| Hailey [ Diversions| Losses [Glendale| Diversions | [Top-Down -| Bypass Reach Ili Stream Stanton

Period Step| Gage |in Reach | | Percolation | Bridge | in Reach Il | Bottom-Up] | Bottom-Up Gain Inflow Bridge

cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

16Apr-30Apr 1 526.8 37.4 171.3 318.1 15.3 40.2 262.6 54.0 36.4 353.0
1May-15May 2| 1246.0 56.9 304.5 884.6 29.6 71.4 783.6 54.0 36.4 874.0
16May-31May 3| 2574.5 352.0 348.1] 1874.4 34.6 81.7 1758.2 54.0 38.8 1851.0
1Jun-15Jun 4/ 1898.1 294.8 167.1| 1436.3 15.2 39.2 1382.0 54.0 48.1 1484.0
15Jun-30Jun 5/ 1738.5 375.1 200.7] 1162.8 13.4 471 1102.3 54.0 45.8 1202.0
1Jul-15Jul 6] 932.9 369.7 250.5 312.8 26.5 58.8 227.5 54.0 42.5 324.0
16Jul-31Jul 7| ©656.7 375.0 164.6 1171 24.5 38.6 54.0 54.0 48.0 156.0
1Aug-15Aug 8 3824 298.2 84.2 0.0 28.1 -28.9 0.8 103.0 48.2 152.0
15Aug-31Aug 9] 224.2 233.5 -9.3 0.0 11.9 -12.1 0.2 57.6 49.2 107.0
1Sep-158ep 10| 202.8 139.8 63.0 0.0 10.1 -10.1 0.1 35.6 42.4 78.0
16Sep-30Sep 11 203.0 118.0 85.0 0.0 11.9 -12.0 0.1 30.0 46.9 77.0
10ct-150c¢t 12] 202.5 118.0 84.5 0.0 11.9 -12.4 0.5 20.0 48.1 68.5
160c¢t-310ct 13] 219.8 118.0 101.8 0.0 11.9 -11.9 0.0 28.0 48.7 76.7
1Nov-15Nov 14 175.3 118.0 57.3 0.0 11.9 -12.3 0.4 26.0 46.0 72.4
16Nov-30Nov 15 138.8 118.0 20.8 0.0 11.9 -12.1 0.2 20.0 45.3 65.5
1Dec-15Dec 16| 156.6 126.2 30.4 29.6 0.8 18.0 40.3 59.1
16Dec-31Dec 17] 1493 120.9 28.4 28.4 0.0 13.6 34.9 48.5
1Jan-15Jan 18] 148.8 117.3 31.5 27.5 4.0 15.5 22.3 41.8
16Jan-31Jan 19] 1455 110.1 35.3 25.8 9.5 11.7 16.9 38.1
1Feb-14Feb 20| 114.2 90.4 23.8 21.2 2.6 12.6 18.1 33.2
15Feb-28Feb 21| 1243 100.7 23.6 23.6 0.0 8.9 23.9 32.8
1Mar-15Mar 22| 150.2 121.6 28.6 28.5 0.0 11.4 33.6 45.0
16Mar-31Mar 23| 178.2 143.9 34.3 33.8 0.5 14.0 22.8 37.3
1Apr-15Apr 24] 173.1 6.2 160.7 6.1 1.9 37.7 0.7 14.0 22.7 37.3
Totals (afly) 381750 94316 96048| 191385 8156 15712 168544 24659 27311 220515

ov
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conductivity values used, the ground water moved through the region so rapidly that the
model calculated heads were lower than desired with the lower flows. Variation of the
horizontal and vertical conductivities would not produce convergence in transient mode.
An adjustment in the flow stresses was required to obtain model convergence.

Adjusting the gage flows at Hailey and at Stanton Crossing by less than £5% and the
Watermaster records by less than £10% allowed the model to converge in transient mode.
The USGS rates the Hailey and Stanton Crossing records as “good” and “fair”,
respectively. The good and fair ratings indicate that 95% of the time the reported discharge
was within 10 and 15% of the true value.

The computed flows were also adjusted at the Glendale Bridge. During August, the
flow at Hailey was increased to account for the high Reach III gain. If the flow at the
Hailey gage was not increased and the flow at the Glendale Bridge was set to 0.0 as per the
Watermaster's records, the gain in Reach III would be significantly greater than the flows
of Brock and Willow Creek. No other stress periods showed this trend. From these
adjustments, a Reach III average gain of approximately 15 cfs was calculated. The
seasonal variation of the gain was determined in part with measured seasonal variations of
two spring fed streams, Brock Creek and Willow Creek. These two creeks are tributary to
Reach III in the vicinity of Stanton Crossing. Castelin (1972) also estimated this gain at 15
cfs.

The equation used to calculate the reach loss/gain was therefore:
Gage at Hailey - Gage at Stanton - Canal Diversions =
(Reach I loss + Reach II loss - Reach III gain)

with Reach I equaling 81% and Reach II equaling 19% of the total losses when applicable.

The adjusted estimates of the reach gains/losses during the calibration period are
given in Table 4. The Reach I Percolation column of this table shows the Big Wood River
has an average seepage loss of 109 cfs. Reach I was seven miles long. The point of

calculations used to define the underflow at Hailey was two miles downstream of the
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Table 4.  Adjusted Big Wood River Reach Gains/Loses
Reach Il
Losses Canal Reach I

Flow @ | Diversions| Reach | Flow @ | Diversions | Percolation Water Flow @ [Reachlil| Stream Flow @

Haitley |in Reachl| Losses [ Glendale |in Reach lla| [Top-Down - | Returnto| Bypass Gain Inflow Stanton

Period Gage Percolation | Bridge Bottom-up] BWR | Bottom-up Bridge

cfs cfs Cfs cfs cfs cfs cfs cfs cfs cfs cfs

16Apr-30Apr 500.5 37.4 103.5 359.6 15.3 24.3 320.0 14.2 36.4 370.7
1May-15May 1186.6 62.6 181.7 942.3 32.6 42.6 867.1 14.2 36.4 917.7
16May-31May| 2346.4 352.0 131.9 1862.6 34.6 30.9 1797.0 15.2 38.8 1851.0
1Jun-15Jun 1883.0 294.8 126.3 1461.9 15.2 29.6 1417.2 18.8 48.1 1484.0
15Jun-30Jun 1689.7 375.1 132.0 1182.7 13.4 31.0 1138.4 17.9 45.8 1202.0
1Jul-15Jul 886.3 406.6 137.2 342.4 29.1 32.2 281.1 16.6 42.5 340.2
16Jul-31Jul 617.1 375.0 97.7 144.4 24.5 22.9 97.0 18.8 48.0 163.8
1Aug-15Aug 521.9 328.0 99.2 94.7 30.9 -10.0 73.8 22.4 48.2 144.4
15Aug-31Aug 359.3 233.5 100.0 25.8 11.9 -19.2 33.1 19.4 49.2 101.7
1Sep-15Sep 224.7 139.8 84.9 0.0 10.1 -25.2 15.2 16.6 42.4 74.1
16Sep-30Sep 203.0 118.0 85.0 0.0 11.9 -17.4 5.4 20.8 46.9 73.2
10ct-150c¢t 202.9 118.0 85.0 0.0 11.9 -12.8 0.9 18.8 48.1 67.8
160ct-310ct 206.6 118.0 88.6 0.0 11.9 -14.5 2.6 21.6 48.7 72.9
1Nov-15Nov 175.7 118.0 57.8 0.0 11.9 -15.4 3.5 19.3 46.0 68.8
16Nov-30Nov 132.2 117.4 14.8 14.8 0.0 16.9 45.3 62.2
1Dec-15Dec 156.9 121.8 35.1 29.2 6.0 15.8 40.3 62.1
16Dec-31Dec 140.3 111.6 28.7 26.3 2.4 13.6 34.9 50.9
1Jan-15Jan 149.1 1111 38.0 25.1 12.9 8.7 22.3 43.9
16Jan-31Jan 136.7 97.5 39.2 22.6 16.5 6.6 16.9 40.0
1Feb-14Feb 122.6 91.8 30.9 21.2 9.7 7.1 18.1 34.9
15Feb-28Feb 124.3 101.0 23.3 22.0 1.2 9.3 23.9 34.4
1Mar-15Mar 150.5 122.4 28.2 27.6 0.6 13.1 33.6 47.3
16Mar-31Mar 159.1 122.0 37.1 29.6 7.5 8.9 22.8 39.2
1Apr-15Apr 173.1 6.2 119.4 47.5 1.9 28.0 17.6 8.9 22.7 37.3
Totals (AF) 375761 93057 79283] 203421 8061 10425 0 184935 10970 27344 223249
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beginning of Reach I. Multiplying the total average seepage in Reach I by this 2/7’s
distance produced the 30 cfs that was utilized in the determination of the underflow at
Hailey (previous section).

Phase I listed the Big Wood River seepage as 22,400 af/y, and attributed the estimate
to Luttrell and Brockway (1984). However, the estimate appears to be based upon
Brockway and Grover (1978). Their flow estimate was based on five flow measurements
for Reach I, three measurements of Reach II, four measurements of Reach III, and one
measurement of Reach I and Reach Il in 1975-1976. These measured flow rates were then
extrapolated to obtain a yearly flow volume for the three reaches. Luttrell and Brockway
(1984) only report a Big Wood River stream loss between Hailey and Glendale Bridge of
57 cfs based on a late summer measurement. During this period, stream seepage is
relatively low. This 57 cfs loss would indicate a minimum seepage value of 41,200 af/y.

The mass balance approach used in this phase, resulting in a seepage of 79,300 afly,
was considered to be more accurate than the current meter flow measurements because of
the inability to measure the spring time high flows due to safety factors. The many large
boulders in the river channel also made it difficult to locate a well-defined, cross section
area in which to position a current meter. A semi-monthly mass balance for the year using
the two USGS gages and Watermaster irrigation records calculated in Phase II does not

account for a time lag factor that may occur in the ground water movement.

Irrigation Diversions

Surface Water Sources. There is a complex system of canals supplying irrigation
water to different regions in the valley. The canals are not under the control of a single
water district, adding to the complexity and cooperation required from the share holders of
each system. Figure 6 shows the upper regions of the District 45, Glendale and Bypass
Canals.

The volume of the surface water diversions for irrigation was defined in Phase I

based on Watermaster records that indicate no surface water diversions after the end of
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September. The Watermaster for Districts 37 and 37M (Peterson, personal
communication) indicated that the ditch riders stop recording the flows for the diversions at
the end of September, but the diversion gates are not closed and locked at that time. These
late fall diversions supply stock water. A review of the Idaho Department of Water
Resources water right filings for the region verified the filings for stock water in this
region. Water continued to flow throughout the entire system until some unknown time.
Diversions were assumed to flow until November 15 when ice started to block the canals.
The diversion of these flows from the Big Wood River also agreed with the Watermaster's
statement that the "Big Wood River is dry below Glendale Bridge until some time in
November" (Peterson, personal communication). Diversions were assumed to be the same
as in the last recorded period and were distributed proportionally throughout the entire area
serviced by the diversion. The flow diverted from the District 45 canal to the gravel pits
during this time was deducted from the total diversion to eliminate double accounting
(Phase I report).

The model area was subdivided into irrigation diversion service areas as defined by
Brockway and Grover (1978). Each surface water diversion was associated with at least
one service area. Flows are evenly proportioned to irrigated lands within the irrigation
system with the exception of the District 45 diversion. The District 45 canal system is
comprised of three major laterals: East, Main, and West. At the head of each lateral, a
Parshall flume is used to measure the discharge into the lateral. Thus, each lateral was
treated as an individual surface diversion and assigned irrigation diversion service areas.
The model assumed that all surface water diverted into a service area stayed within the area
and was distributed proportionally to the irrigated acres associated with the diversion based
on the method of irrigation. Sprinkler irrigated acres received 70% of the amount allocated
to gravity irrigated acres. The 30% reduction was based on the assumption that sprinkler
irrigation is more efficient and uniform with respect to supplying crop water requirements.

All irrigation water applied in excess of consumptive use was assumed to recharge
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the water table aquifer. No surface return flow or stream runoff was assumed to occur with
excess irrigation water. A total of 101,100 af/y was assumed to be diverted out of the Big
Wood River as surface irrigation water. Of this 101,100 af/y, 1,400 af/y was diverted into
the recharge pits in the fall, and the remaining 99,700 af/y was attributed to surface
irrigation (Table 2). This flow was measured by the Watermaster of District 37. The
36,500 af/y irrigation diversions from District 37M were listed as both a recharge and
discharge to the system. These flows originated as spring flows in the southern region of
the study area. Spring flows were associated with the water table aquifer. Typically,
irrigated areas from these surface water diversions have the point of diversion within the
area of use. When this occurred, the net impact on the water table aquifer was the
consumptive use associated with the crop assuming no other source of water occurs. When
the point of diversion was not located in the cell for which it provided irrigation water, the
aquifer experienced a withdrawal equal to the diversion in that cell and a recharge in the
cell with the point of application. The water table aquifer underneath the irrigated area was
therefore recharged by the amount of diversion in excess of crop consumptive use. The
assumption that no surface return flow occurred was also used here.

Canal seepage as a separate input was only defined for the Reach between the point
of diversion of the District 45 Canal on the Big Wood River and the three Parshall flumes
located at the heads of the three laterals. Seepage was estimated to be the difference
between the Watermaster records of the District 45 Canal and the estimated flows using
stage recorders on the three Parshall flumes. Brockway and Grover (1978) identified the
seepage on selected reaches of canals and laterals in the study area based on the canal
wetted areas that were determined by current metering. Canal and stream seepage
information based on current metering was not collected during either the Phase I or the
Phase II study. Brockway and Grover (1978) states, “The rate of seepage from a canal
varies with the elevation of the water level in the canal and also varies seasonally with the

filling of bank storage and siltation.” Figure 17 in the Phase I study shows the reported Big
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Wood River irrigation diversions to be 110,000 af/y during the Brockway and Grover
(1978) study period. It also shows that the irrigation diversions during Phase I were
approximately 97,500 af/y. (No canal seepage, other than in the District 45 main canal,
was used in the ground water budget developed in Phase I1.)

Ground Water Sources. Irrigation with ground water in the Big Wood River-Silver
Creek area encompassed three possible scenarios that affect water budget development.
The first scenario involved the vertical location of irrigation wells within the water table
aquifer (upper layer) combined with the location within the irrigated surface area. The net
impact on the water table aquifer was the crop consumptive use. A second scenario
occurred when the well (point of diversion) was not located within its irrigated area. The
aquifer where the well is developed experiences a withdrawal equal to the pumped
diversion, and the water table aquifer underneath the irrigated area experiences recharge
equal to the amount of diversion in excess of crop consumptive use. The last scenario
involved irrigation wells developed in a lower aquifer of a multiple layer system regardless
of the well’s location with respect to the irrigated area. The lower aquifer where the well is
located experiences a withdrawal equal to the entire diversion from the well, and the water
table aquifer underneath the irrigated area experiences recharge equal to the diversion
amount in excess of crop consumptive use. Thus, the development of the ground water
irrigation portion of water budget for the study area was based on identification of the
ground water irrigated areas and the well(s) servicing those areas.

The Phase I study reported the survey results of landowners and operators concerning
ground water irrigation. This information identified the volume pumped, location of the
production well, period of application, and the location of irrigated acres serviced by the
well. This water was taken out of the aquifer layer and then reapplied where the ground
water was used for irrigation. Some of the irrigation wells were developed in both the
upper and lower layers. Therefore, an approximation of the horizontal and vertical point of

diversion (well) and place of use was made for all wells.



47

An estimate of 52,000 af/y was assumed to be the volume of water discharged from
the aquifer system by irrigation pumps. This volume of water was also used as a recharge

to the system as applied irrigation water.

Pit Recharge

Waste or surplus canal flows were diverted into ponds or recharge pits through the
existing canal systems. This excess water was used for recharge to the aquifer. Phase I
described the location of the recharge pits and the volumes supplied to these pits. This
flow usually occurred in the fall after crop irrigation demand was no longer needed. The
1,400 af/y diverted was deducted from the total 101,100 af/y that was estimated for Water

District 37 diversions from the Big Wood River.

Precipitation

All moisture from precipitation was assumed to be available for consumptive use or
recharge. Antecedent soil moisture and other variables needed to adjust for effective
precipitation were not available; therefore, all moisture was assumed to be effective.
Precipitation as well as irrigation applications in excess of evapotranspiration were
assumed to recharge the water table aquifer without any contribution to overland flow or
surface runoff. The springtime increase in discharge of Silver Creek at the first period in
March, which was during the 22nd stress period (Figure 24), could probably be attributed
to overland flows and streams reacting to a precipitation or snowmelt recharge event. If the
increased spring time discharge at Priest Road were attributed to surface runoff from a rain
storm or snowmelt, the volume of precipitation that effectively recharged the water table
aquifer would have to be decreased by this amount to maintain a balanced water budget.
For this study, this increase in stream flow was modeled as an increase in spring flow.

A review of the precipitation records (Table 5 and Table 6) showed more
precipitation at the Hailey NOAA station than at the Picabo NOAA weather station for the

thirty-year period prior to the study period. However, the values from the Picabo



Table 5. 1961-1990 Precipitation (inches/month) at the Hailey NOAA Station
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1961 0.32 1.44 0.86 0.54 1.48 0.72 0.03 1.08 1.32 2.00 0.90 1.70 12.39
1962 1.18 4.52 1.40 1.00 2.78 0.73 1.15 0.42 0.37 0.30 1.40 1.67 16.92
1963 0.85 3.35 0.91 2.46 1.56 4.78 0.03 0.62 1.45 0.48 3.86 1.13 21.48
1964 2.36 0.06 2.43 1.52 1.12 3.15 0.44 0.10 0.04 0.39 2.49 11.30 25.40
1965 3.85 0.31 0.30 2.08 1.58 1.66 0.60 4.20 0.35 0.00 1.92 1.94 18.79]
1966 3.9 0.56 1.30 0.73 0.67 0.39 0.06 0.17 0.88 0.11 1.84 3.30 13.92
1967 6.15 0.29 1.88 1.95 0.58 5.59 0.41 0.27 0.20 1.48 1.66 1.45 21.91
1968 2.65 1.21 0.42 0.35 1.88 2.53 0.92 3.37 0.33 0.55 1.26 3.01 18.48
1969 8.16 4.16 0.18 0.44 0.03 2.35 0.70 0.00 1.24 0.13 0.16 2.82 20.37
1970 4.88 0.34 1.54 1.08 1.35 2.93 1.51 0.43 0.77 1.62 3.32 5.14 24.91
1971 3.49 1.38 2.25 0.47 1.36 2.01 0.65 0.19 0.86 0.74 1.12 3.65 18.17
1972 2.01 0.50 0.38 0.69 1.35 1.15 0.22 0.94 0.90 1.31 1.41 1.63 12.49
1973 2.95 1.46 0.80 0.63 0.17 0.83 1.67 0.00 0.33 0.40 4.33 2.40 15.97
1974 2.80 0.79 2.84 0.25 0.07 0.00 0.34 0.26 0.00 1.46 0.38 1.98 11.17
1975 1.15 4.36 2.71 1.12 0.89 1.26 0.31 0.45 0.03 1.84 1.45 1.15 16.72
1976 0.96 2.74 0.43 0.63 0.44 0.64 0.28 2.06 2.44 0.22 0.01 0.00 10.85
1977 0.28 0.60 0.43 0.00 3.70 0.91 0.99 1.20 0.77 0.12 1.36 417 14.53
1978 3.75 3.39 