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Water and “Quality of Life” go hand in hand in Idaho. This condition is
especially true in the Wood River Valley where the economic engines of recreational
tourism and agriculture drive the connection between water, nature, and human existence
even harder. In the early 1990s, a growing awareness of the critical connection between
water and life quality prompted several key local organizations and individuals to initiate
a discussion on how to acquire a better grasp of water resources. For varying reasons,
from economics to ecology, everyone agreed upon the necessity of knowing more about
the region’s water resources. In short, there was a clear need for a systematic, scientific
inventory of the Big Wood River and Silver Creek Valley’s water resources.

In 1993, an extensive scientific project was initiated to better enable the citizens
of Blaine County, Idaho to understand the water resources of the complex watershed in
which they live. For a seven year period (1993-2000), The Nature Conservancy and a
coalition of partners guided this study. The project’s primary purpose was to inventory
and evaluate the water resource system connecting the Wood River Valley and Silver
Creek. This consortium of organizations---comprised of municipal and county
governments, water and sewer districts, private companies and individuals, and non-
profit organizations---contracted with scientists from the University of Idaho’s Idaho
Water Resources Research Institute to develop a model of the watershed basin. Now the
data collection and analysis phases are completed, this Summary Report is designed to
facilitate discussion by providing a non-technical overview pulling together previous
investigations and distilling key findings into a single, non-technical document.

A prnmary goal of this Report is to synthesize and highlight the methods and
findings of two technical reports known collectively as Phases I and IT of the Hydrologic
Evaluation of the Big Wood River and Silver Creek Watersheds. While the focus of this
Summary Report is upon Phases I & II, this Summary also reaches out to incorporate
pertinent findings of other investigations as well as provide some original perspectives,
organization, and analysis. As a result, certain topics presented in this Summary are not

always found per se in Phases I & II.
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Several steps have been taken to make this Summary Report “reader friendly.”
For example, for those unfamiliar with vocabulary of water science a Glossary is
provided (Appendix 1). The reader is “notified” a certain technical term can be found in
the Glossary by its appearance in bold and underlined (i.e. aquifer). Next, a separate
and detailed “conceptual model” of the physical features of the Big Wood River Valley
and its aquifer is included (Appendix 2). Third, a list of modern reference texts is given
for those wishing to explore further the technical aspects of water resources (Appendix
3). Lastly, the “Conclusions” section of this Summary Report is presented with the non-
technical reader in mind. More specifically, the final section attempts to address
“frequently” asked questions about water resources in the region. Technical summaries,
however, can be referenced in both the Hydrologic Evaluation of the Big Wood River
and Silver Creek Watersheds, Phase I and Phase II as well as at the end of important
sections on the water resources and computer scenarios in this Summary Report.

On a final note, it is important to establish a tone of caution at the very beginning
of this document. Issues of growth, economic development, and water are inextricably
woven together in the Wood River Valley and any interpretation or application of
research findings must be accompanied by healthy dose of tentativeness. Hydrology is a
developing physical science and not without limitations. Facts and numbers reported, for
example, can often give the illusion of a greater accuracy than is truly the case. It is true
water scientists were asked to quantify water resources as much as possible and report
their findings. Reporting figures, however, such as “1,331,040” acre feet a year of
precipitation or “0.00002” as a confined storage coefficient tend to indicate a level of
exactitude which, frankly, does not exist. In an effort to reduce misinterpretation,
aggregate statistics are given to the third significant digit, thus a figure such as 563,211
acre feet becomes 563,000 acre feet.

It is also very important to clarify the concept of “Reference Year.”” Many of the
statistics and findings reported in this document are a function of measurements taken in
1993-94, reference year, or time period, used to collect field data necessary to calibrate
the MODFLOW model. Thus many numbers reported in the graphs, tables and text are
stated in terms of measurements taken during the 1993-94 reference year and may (or

may not) be at variance with other information gathered by other sources for longer time
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spans. Does this mean the model is invalid? No, not in the relative sense, because the
model seeks to establish relationship between physical properties. At the same time it can
mean the findings reported are high (or low) compared to values which could be brought
in from a longer time period. For this reason the reader is well advised to remember a
theme that will be echoed in this document that findings and numbers should be accepted
in a “relative” rather than an “absolute sense.” Adopting this tentativeness allows the
placement of greater confidence in statistical relationships than absolute magnitudes.

As with any report, certain individuals always make the task of writing easier. In
this case, I wish to thank The Nature Conservancy’s Paul Todd, Mike Stevens, Lou Lunte
and Anne Dalton along with the University of Idaho’s Dr. Roy Mink, Clarence Robison,
and Peg Hammel. Jack Brown (Sun Valley Water & Sewer), and Kurt Nelson (USFS
Service) also provided guidance about the appropriate level for the project and Dr. Earl
Ralston, Bob Stollar, and Norm Colby for their professional and helpful peer reviews.

For making the overall project possible, The Nature Conservancy of Idaho
extends deep appreciation to the cities of Bellevue, Hailey, Ketchum and Sun Valley as
well as the administrations of Blaine and Lincoln Counties. In like fashion, TNC also
wishes to thank Water Districts 45, 37 & 37M, Sun Valley Water & Sewer District,
Loving Creek Ranch, and numerous other individuals who contributed to completion of

this study.
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PART I
THE STUDY AS A PROCESS

This Summary Report is divided into three broad categories. Part I centers upon
key aspects of a process developed by the researchers as they sought to examine the
water resources of the Big Wood River and Silver Creek watersheds. Highlights of this
“process” involve: (1) explaining the origin, purpose, and objectives of studies focussing
upon the Big Wood River and Silver Creek watersheds; (2) clarifying study site
boundaries; and (3) presenting the computer model developed to estimate ground water

resources.
PROJECT HISTORY & OVERVIEW

Beginning in the early 1920s, water scientists first examined the water resources
of the Big Wood River and Silver Creek watersheds. These early investigations were
often technically complex and of little interest to people outside professional engineering
circles. Generally speaking, earlier studies of the water resources of the Wood River
Valley were narrow in scope and focussed upon specialized aspects rather than the
overall water situation.! Over the years, however, new pressures have been brought
along on the coat tails of increasing population, thus triggering widespread interest in
obtaining a better understanding of the region’s water resources.

The Driving Force: Population Dynamics in Blaine County

The headwaters of the Big Wood River and Silver Creek Watersheds are located in
Blaine County, Idaho (Figure 1). As is generally the case in today’s American West,
Idaho is challenged by the social, economic, and environmental dislocations introduced
by population growth. Idaho’s current population of 1.1 million is sparse by any
standard; only eight states have fewer. Rurality in Idaho is revealed by the 1996 Census
which found a population density of only 14 persons per square mile compared to the
population density of, say, New Jersey and its 1,076 persons per square mile. Yet despite

its small, widely distributed population, Idaho is facing rapid and disproportionate
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Figure 1. Big Wood River Watershed & MODFLOW Study Site
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population growth. The population spurt between 1990 and 1996, for example, made
Idaho the 3™ fastest growing state in the country.

What is true for the state is also true for Blaine County. Using U.S. Bureau of

Census statistics, we can estimate a 67 percent increase in county population between
1980 and 1995 with today’s population set at about 19,000.° Patterns of historical
population growth indicate a future with more, not fewer people. Recent studies of Blaine
County demographics place the “probable” number of additional residences, or dwelling
units (DU), which could be added to the region around 15,000. In other words, the total
number of persons living in Blaine County could increase over the next century to a
ultimate buildout capacity ranging anywhere from 50,000 to 78,000 persons.

Thinking of Blaine County’s current population as “spread out” over its 1.6
million acres (2600 square miles) can be misleading since much of the county is either
uninhabitable or owned by government agencies disallowing private development on
public lands. Geographic limitations are especially noticeable where most of the
population boom is taking place: the Wood River Valley. Here, virtually all growth has
been compressed into a narrow corridor less than a few wide and 25 miles long. The
intensity of this development has stimulated a concern for what many fear is an
increasingly degraded environmental quality. A heightened sensitivity to the watershed
fragility has triggered substantial discussion concerning the future impact of population
growth upon the Big Wood River and Silver Creek regions. As with most westem
communities, the usual topics have emerged such as access to recreation sites, hillside
development, traffic congestion, fish and wildlife habitat, changing land use patterns,
light pollution, air quality, stable economies, schools and affordable housing. In addition
to this list, and always at the top, is that constant anxiety of all semi-arid western
communities: water.

Early Project History: The Nature Conservancy and Its Partners

Realizing the critical connection between water and the quality of life prompted
several key local organizations and individuals in the early 1990s to seek a better
scientific grasp of water resources. Stimulated for various reasons---from economics to
ecology---a widespread call surfaced to make a systematic, scientific inventory of the Big

Wood River and Silver Creek watersheds.
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Several previous studies had already examined selected aspects of the Wood
River Valley’s surface and ground water elements (Castelin and Chapman, 1972; Castelin
and Winner, 1975; Grover and Brockway, 1978; and Luttrell and Brockway, 1982,
1984).> By and large, these studies explored only selected elements of water issues
while making no attempt to integrate their findings into a larger, comprehensive
assessment of the region’s water resources.

The Nature Conservancy (TNC), as steward of the Silver Creek Preserve, was
especially interested in the future sustainability of the spring flows comprising the
headwaters of Silver Creek (Figure 2). Stakes were raised in the late 1980s when warm
and dry conditions settled over the entire West. During this period between 1987 to
1992---and reoccurring in 1994---the Big Wood River and Silver Creek experienced their
second lowest flows since record keeping began in the 1920s. As a result, TNC initiated
a monitoring program to gauge several measures of water quality in Silver Creek (i.e.
temperature, dissolved oxygen, flow volume).* On June 23, 1992 low flows coupled with
warm temperatures reduced necessary dissolved oxygen levels to the point over 50 large
trout died in Silver Creek. This event convinced Conservancy managers it was time to
look beyond measuring water quality and to also study water quantity.

With TNC spearheading the process, a group of agricultural irrigatofs joined other
interested individuals, organizations, and public agencies to examine the nature of the
water resources system.’ This “Steering Committee,” undertook the initial oversight of a
comprehensive scientific study probing the connection between Silver Creek and the
surface and sub-surface waters of the Wood River Valley. In April of 1993, TNC
contracted the University of Idaho’s, Idaho Water Resources Research Institute (IWRRI)
to initiate the first step of what would become a two-phase study. The first phase was
supposed to review and integrate previous studies as well as collect new data followed by

a second phase incorporating this new information into a computer model as well as

extending selected aspects of the investigation to the upper Wood River Valley.

Phase I, funded primarily by TNC, was led by IWRRI’s Drs. Charles Brockway
and Akram Kahlown. For 17 months they gathered information ultimately published as
Hydrologic Evaluation of the Big Wood River and Silver Creek Watersheds: Phase 1.
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Figure 2. Location of Bellevue Triangle and Silver Creek
This work, and its accompanying Executive Summary, was completed in November of
1994.°  As Phase I was being completed, IWRRI submitted another proposal for Phase
II in July of 1994. The Nature Conservancy approved a second phase and work began in
September of 1995 with a completion date set for February of 1997. Difficulties in
model calibration augmented by changes in IWRR] research staff contributed to delays
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and the final report was not finished until March 2000. For purposes of clarity in this
Summary Report, whenever both the Phase I and Phase II studies are referred to
collectively, they will be designated as Reports.

RESEARCH OBJECTIVES: PHASE I & PHASE 11

The Nature Conservancy became the leader in sponsoring Reports and it was
TNC’s primary concern to explore the situation facing Silver Creek. Of course, a focus
on Silver Creek does not mean it can be studied in a vacuum because surface and ground
waters of the Big Wood River watershed are inextricably connected with Silver Creek.
For analytic reasons, Silver Creek became what scientists call the “dependent variable.”
In other words, this term refers to the target of the study and the water resources system
of Silver Creek can be said to “depend” upon other factors. In similar fashion, the
“independent” variables are those factors which determine spring flows in Silver Creek
such as amount and type of irrigated agriculture, surface diversions from the Big Wood
River ground water pumpage, precipitation, and population growth.

Phase I - Objectives

The stated purpose of Phase I was “...to develop a basic understanding of the
hydrologic interactions of water sources, stream-aquifer systems, and effects of natural
system changes and man-induced land use changes.” More specifically, the collaborative
agreement between TNC and the University of Idaho specified five objectives:’

1. collect, review, and document the hydrological, geological, meteorological and
land use data of previous studies; '

2. establish surface and ground water monitoring networks and collect field
hydrological, meteorological, and land use data for subsequent development of a
predictive 3-D ground water model of the basin;

3. develop a tentative current conditions water budget for the aquifer system of
the Big Wood River-Silver Creek area;

4. make a provisional selection of a ground water flow model including necessary
subroutines and structure the collected data in a compatible format for entering
into the model;

5. complete a final report summarizing results.

In order to achieve these objectives, researchers began in April of 1993 to collect the data

necessary to update and fill-in the gaps of earlier efforts.®
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Phase I1 - Objectives

Phase II differs from Phase I in one significant way. The primary objective of
Phase IT was to develop a ground water flow model using information collected in Phase
I. This model, originally developed by the United States Geologic Survey (USGS), 1s
named MODFLOW and is a computerized tool visualizing the study area in three
dimensions. Once developed, MODFLOW is capable of giving projections to questions
submitted to it by different scenarios. In short, the model tries to project reactions to

changes in either climatic or human conditions. Phase II was required to address ten

specific objectives:’

1. procure the three dimensional MODFLOW model from USGS;

2. develop the model for the Big Wood River-Silver Creek aquifer;

3. simulate responses to the Big Wood River-Silver Creek aquifer due to changes in
climatic and/or human factors;

4. predict future water supplies based on different land use scenarios;

quantify the annual recharge of the Big Wood River-Silver Creek aquifer;

6. estimate water withdrawn from the Big Wood-Silver Creek watershed south of the
Sawtooth National Recreation Area;

7. estimate underflow leaving the study site’s aquifer system;

8. review existing data and procure additional information on the area from Hailey to
the Sun Valley locale;

9. analyze water requirements associated with various land uses; :

10. estimate the water resources and evaluate the impact of future development on the
water resources of the Hailey to Sun Valley locale.

1941

THE STUDY SITE: Its Nested Nature

The “Preface” wamed there would be times when this Summary Report would
introduce a slightly difference organization or perspective from Reports. One such
alteration revolves around the use of the words “watershed” and “study site.” In Reports,
the words “watershed” or “study site” can refer to any one of three different levels of
analysis. The most comprehensive “study site” is the entire watershed of the Big Wood
River, encompassing the mountains and valleys forming its headwaters. Nested within
this comprehensive watershed is a second level of study site: the Wood River Valley. Of
course, the Wood River Valley is, itself, further subdivided into two smaller study sites:

the “upper” and “lower” valleys. Descending down to the final rung of the ladder, we
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find a third usage of the term study site, one introducing the artificial boundaries defined
by the researchers for the MODFLOW model.

Even though the study sites are, for analytical purposes, discussed as if discrete
entities, they are connected by a complex web of surface and ground water relationships.
In a word, the study sites are nested one within each other. The following description
outlines key geographic and physical features of each level and their key hydrologic
features are explained in Part II (see Appendix 2).

Watershed 1 - The Big Wood River

At the most encompassing level is the watershed of the Big Wood River, an 881
square miles area defined by the ridgelines of the Pioneer, Boulder, and Smoky
Mountains.'® IWRRI researchers divided the Big Wood River watershed into 28
subwatersheds'' (Figure 3). Average annual precipitation falling within the Big Wood
River watershed is approximated at 1,330,000 acre feet per year (af/y) and 70 percent of
this amount (946,000 af/y) is lost to evapotranspiration.'”> Yield is thought to be

between 330,000 afly to 345,000 afly. Computation of “yield” is complicated and a
variety of methods for making such a determination are found in hydrology (please see
Glossary and Endnote).

Watershed 2 — The Wood River Valley: Upper & Lower

The centerpiece of the Big Wood River watershed is the Wood River Valley itself.
Trending in a north-south direction the valley begins in the north as a narrow slot less
than 1/8"™ mile across at Galena Summit. As one travels southward, the valley floor
declines 1n elevation from close to 9,000 feet above sea level to less than 5,000 feet.
Thus the valley drops at an average rate of 0.008 feet for each foot (30 feet per mile)
while it also widens slowly along a 50-mile path to its terminus at the Clay Bank,
Timmerman, and Picabo Hills. By the time the valley is transected by Idaho State
Highway 20 it is close to 15 miles wide. Using the location of Hailey as a mid-point of
the Wood River Valley, average annual records indicate 16.5 inches of precipitation
falling mostly between November and March. Mean annual temperatures at Hailey vary

from 20° in January to 67° in July (see Appendix 2 for detailed discussion).
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' Big Wood River Watershed
 —— Watershed Boundaries

Figure 3. Big Wood River Watershed & Subwatersheds

Upper Wood River Valley — The upper Wood River Valley is nested within
the Wood River Valley and is considered by this study and folk wisdom to be the region
from Hailey northward. A commonly used point of reference separating the upper from
the lower Wood River Valley is the USGS gauging station in Hailey near the confluence
of Croy Creek and the Big Wood River. Ringed by mountain peaks as high as 10,000
feet, the Upper Valley watershed is approximately 626 square miles and contains the
urban centers of Ketchum, Sun Valley as well as sub-divisions built in the un-
incorporated county north of Hailey. For purposes of analysis, Reports considers the
northern half of Hailey to be within the Upper Valley and the southern half in the Lower
Valley.
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Elevations above sea level average about 7,620 feet and temperatures, on the
whole, are 5° F cooler than temperatures in Hailey. Precipitation is thought to be
1,110,000 af/y with an associated water yield of about 394,000 af/ly depending upon
estimation adopted. Vegetation in the Upper Valley is divided between 45 per cent forest
land and 55 percent brush or grass.

One frequent concem for the Upper Valley centers upon growth and its associated
economic and environmental ramifications. Human presence in the Upper Valley has
existed for some time beginning with Native American populations and spurred again by
immigration in the 19" century. Mining, ranching and irrigated agriculture in the last
century helped create the Upper Valley municipalities where today 80 percent of Blaine
County’s population is compressed into the communities of Ketchum, Sun Valley and
Hailey.

Lower Wood River Valley — The Lower Valley watershed is approximately
255 square miles and contains within it the geographic area known as the “Bellevue
Triangle.” In this Summary and also in Reports, Hailey is designated as the apex of the
triangle although earlier studies used Bellevue. From Hailey, one leg of the triangle runs
southeast to Picabo and the other leg southwest to Stanton Crossing (Figure 2).
Elevations in the Lower Valley range from 5,300 feet above sea level at Hailey to 4,800
feet and 4,750 feet at Stanton Crossing and Picabo respectively. Despite being
characterized as a semi-arid, high desert climate, this region remains Blaine County’s
prime agricultural land.

Variability is precipitation is considerable within the Lower Valley. Records kept
since the late 1950s show annual highs , for example, in 1969 and 1983 of 20 inches with
lows of 8 inches or less in 1966 and 1992. Phase I estimates average annual
precipitation between 1959 to 1993 to be about 13 inches.!* In terms of volume, the
Lower Valley receives approximately an average of 219,000 af, compared to the Upper
Valley’s 1.11 million acre feet.”> Lower Valley yield is placed at 343,000 af with the
same contingencies as pointed out above (and in Endnote 13). Due to Lower Valley
aridity, about 87 percent of the 34,000 acres under cultivation are irrigated with either

surface water from the Big Wood River or ground water from wells. Current croppage 1s
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a mixture mostly of pasture, barley and alfalfa, while potatoes, wheat, oats and canola

comprise less than 7 percent of the remainder.'®
The Silver Creek Preserve - Located within the Lower Valley’s triangular

region is, of course, the Silver Creek Preserve itself. This world class trout fly fishing
stream and its surrounding wildlife preserve receives over 10,000 visitors a year
contributing an estimated $2 million annually to the local economy.'” Silver Creek
Preserve encompasses the heart of a high-desert cold spring ecosystem comprised of 882
acres along 7 miles of Silver Creek and its tributary spring fed streams. Beyond the
Preserve’s boundaries are 20 conservation easements totaling another 8,000 acres and 25
miles of stream.

Land protection work initiated by TNC over the past decade has improved
dramatically the quality of water and riparian habitat. Although Silver Creek is known
primarily for its fishery, it also sustains many rare plants and animals. The stream’s

relatively steady flow, nurturing temperatures for fish (40° to 60° F), low stream gradient

(= 1 percent), alkaline chemistry (pH 8 to 9), and high mineral content all contribute to a
unique cold stream biology.

The springs feeding Silver Creek are the primary source of concem for its
managers. Since the stream is entirely dependent upon its feeder springs, an objective of
Reports was to assess the impact of changes taking place in the recharge zone of Silver

Creek's springs; an aspect discussed in detail in Part II.

Watershed 3 — The MODFLOW Study Site

The level of third study site level is often the most difficult to understand.
Associated with this difficulty is the fact that this level of study site does not actually
exist in a physical sense, its boundaries are not mountains or streams. Moreover,
researchers create an imaginary study site within the computer to help them understand a
ground water system. This process is described in the following section, but for now
suffice it to say the MODFLOW study site represents a 90 square mile area whose

reference year precipitation was 51,300 acre feet and yield was 120,000 acre feet. 18
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Figure 4. MODFLOW Ground Water Model Grid and Coordinates

THE MODFLOW MODEL: Description
Today, MODFLOW is a widely used application for simulating ground water

flow and its popularity is attributed to ease of use and broad application.'® The process of
examining a ground water resources system using MODFLOW begins with the creation
of what is known as a “model” of the target area. This conceptual model is a vision of
the boundaries, physical characteristics, and relationships which define the aquifer and

connect it to its surrounding geography and geology (the reader is strongly urged to see
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Appendix 2). Once this phase is completed the researchers face the next task of
converting the conceptual model into a machine readable format or “numerical” model.
It is at this point where MODFLOW enters the picture because it is a scientific tool
developed by two USGS scientists, McDonald and Harbaugh, in the early 1980s to help
in this transition. In short, MODFLOW is a computer program which takes numerical
information and tries to reconstruct the target area and its physical properties.

The MODFLOW study site is a grid comprised of 35 rows and 34 columns for a
total of 357 cells superimposed over 90 square miles in the Bellevue Triangle; each cell
represents a %2 mile by % mile (160 acre) area. Figure 4 illustrates the grid location and
gives coordinates in two dimensions (rows and columns) which coincide with the
traditional Public Land Survey designations of Section, Township and Range. The final
MODFLOW model is in three dimensions since it also takes aquifer depth into account.
The depth component, depicting subsurface layers, is set by the researcher’s judgment.

Technically speaking, the model rests upon Darcy’s Law, a scientific principle
describing the rate at which a fluid moves through a porous medium. Darcy’s Law
permits MODFLOW to derive relationships between aquifer characteristics using
measurements taken in the field.?® Thus once the model’s boundaries are set the analyst
introduces data collected from other studies or information obtained during the reference
year (again in this instance the 1993-94 period). Information typically useful would be
changes data on water tables, well location, river seepage, underflow, spring discharge
flow, imigation diversion, precipitation and evapotranspiration. The incremental
incorporation of this information into the computer model allows it to make
generalizations about aquifer properties. In lay terms, these “properties” can inform the
hydrologist about ground water direction and velocity, its volume, and how much water
1s retained with the aquifer. To the water scientist these features are known respectively
as hydraulic conductivity, transmissivity and storativity.

A crucial phase of the modeling process hinges upon “calibration.” Essentially,
calibration means fine tuning the model until it renders answers acceptable to
expectations of trained scientists. Once calibrated the model can be extended to evaluate
other situations. Thus if analysts wished to know what conditions were like before

human presence, a scenario could be constructed by removing the influence of wells,
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replacing cropland with natural vegetation, and so on. It is this feature of MODFLOW
which allows the model to address the “what if” questions introduced as scenarios. What
will happen to Silver Creek if, for example, pumping is halted in selected wells north of
the Preserve? Or perhaps, what will happen to Silver Creek if homes replace farms in its
recharge zone? Or, what will happen to Silver Creek if waste water flows from Hailey
and Bellevue or excess flows from the Big Wood River are spread into recharge pits? A
well-constructed model becomes a powerful tool not only for hydrologists but also for
land managers, farmers, sportsmen, and other citizens to evaluate the tradeoffs of
proposed actions.

The Preface introduced the importance of understanding the concept of
“Reference Year,” and it worthwhile to repeat this message. MODFLOW?’s reference
year for calibration was from April 1993 to April 1994. Thus many statistics reported in
this Summary Report are stated in terms numbers acquired during the reference year and
may (or may not) be at variance with information gathered over a longer period of time
and presented as average annual statistics. For example, examing the “Period of Record”
(POR) for flows of the Big Wood River at Hailey will indicate average annual flows
approximately 20 percent lower than the flows which occurred during the reference year.
Does this mean the model is “off” by 20 percent? No, not in the relative sense, the
condition of the relationship between variables when all fluctuate proportionately. On the
other hand, the statement of a specific term’s value could be “off” in an absolute sense by
over or under estimating a term’s long range value. In such a case, the 1916-94 records
for Big Wood River at Hailey indicate average annual flows of 286,000 af/y while the
reference year’s were closer to 350,000 af/y. It is crucial to remember this distinction

when reviewing hydrologic concepts as yield, budget, and the scenarios.
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PART II
THE STUDY AS PRODUCT

Part I examined the processes and objectives of Reports, Part II now turns to the
“products” of these investigations by addressing three broad categories: (1) water
resources of the upper and lower Wood River Valley; (2) water budgets of the Big Wood
River watershed, upper/lower valleys and the MODFLOW study site; and (3) scenario
outcomes. Again it should be noted most of the water values specified drawn from the

1993-94 reference year data.

WATER RESOURCES OF THE UPPER VALLEY

While Phase I did not examine the water resources of the Upper Valley, Phase IT
extended its scope to include this region.?' Earlier, Figure 3 presented the northern 21
subwatersheds comprising the Upper Valley. These subwatersheds drain 626 square
miles where an estimated 1.1 million acre feet of precipitation falls each year as rain or
snow. Much of this water is withdrawn by evaporation from lakes and streams and the
transpiration of plants and animals (699,000 af) as well as landscaping and agriculture
(17,000 af). As stated earlier, Upper Valley yield for the reference year is approximated
to be between 390,000 to 395,000 af/y; about 10 percent ground water and 90 percent is

surface water. %

Upper Valley Surface Water Resources

The centerpiece of the water picture in the Wood River Valley is the Big Wood
River and the role it plays in the Upper Valley is especially important. Beginning at
Titus Lake near Galena Summit, the river starts a 56 mile journey southward to Magic
Reservoir. Over this course the river interacts with ground water as do all surface
streams as they fall to lower elevations. High up near a river’s headwaters it will “gain”
from ground water seeping into its channel through banks and streambed but downstream
this process will reverse and the river will start to “lose” water. It 1s through this recharge

process the river contributes to the aquifer. Technically speaking, a river gains when the

Lee Brown Page 15 03/24/00



Summary Report — Hydrologic Evaluation Big Wood River & Silver Creek Watershed

water table exceeds the elevation of the riverbed, it loses when the water table falls below
the riverbed elevation. As the Big Wood River flows south it is clearly a gainer high in
the mountains and then altemnates for a transitional period between as both a gainer and a
loser until it finally becomes to a losing river below Hailey. Overall, the river gains more

than it loses in the Upper Valley.?

Twenty-one tributary drainages contribute stream flow and ground water to the
river during its 36 mile reach from Titus Lake to the gauging station in Hailey. Each
drainage adds water volume to the upper Big Wood River, but the major flows are
contributed by surface and subsurface flows from the Deer Creek, East Fork, North Fork,
Trail Creek, and Warm Springs drainages (Table 1). These five tributary streams drain
348 square miles of Upper Valley watershed and contribute about 242,000 af/y to the Big
Wood River.?* |

Big Wood River flow measurements have been recorded historically by two
gauges, one located near Sawtooth National Recreation Area (SNRA) headquarters (now
defunct) and today’s active gauge in Hailey. River measurements recorded between 1949
to 1971 at the SNRA gage listed an average annual minimum discharge of 86 cfs with a
maximum of 270 cfs; average annual discharge for this period was 167 cfs.
Corresponding measurements taken at the southern gauge for mean minimum, maximum
and annual flows were 235 cfs, 831 cfs, and 490 cfs respectively or 350,000 af/y for the
1949 to 1971 period while 1916 to 1994 indicate less (286,000). Measurements at Hailey
gauge for the 1993-94 period were in the 376,000 af/y range.

Upper Valley Ground Water Resources

The surface and ground water systems of the upper Wood River Valley are
interconnected. As a result, it is difficult to discuss them as separate entities since
alternating clevations in the water table and river heights can cause water to altemate

from ground water to surface water and back again.
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Table 1. Upper Valley Subwatersheds

Name — Description Area in Miles® Area in Percent

Lee Brown

Above North Fork 137 21.9
North Fork 41 6.6
Trail Creek 64 10.2
Eagle Creek 11 1.8
Lake Creek 15 2.4
_Leroux Creek 1.8 0.3
Oregon Gulch 6.1 1.0
East Fork 86 13.7
Fox Creek 9.8 1.6
Dip Creek 1.4 0.2
No Name 4.9 0.8
Adams Gulch 12 1.9
No Name 25 0.4 i
Warm Springs Creek 98 15.7
_Elkhom Gulch 15 2.4
West Gimlet 11 1.8
East Gimlet 29 0.5
Greenhom Gulch 24 3.8
Ohio Gulch 9.5 1.5
Indian Creek 14 22
Deer Creek 59 9.4
TOTAL 626 100%

Page 17

03/24/00



Summary Report — Hydrologic Evaluation Big Wood River & Silver Creek Watershed

Ground water also moves down tributary canyons just like their overlying surface
streams. Estimates of underflow contributed by five of the major streams to the ground

water system of the Upper Valley are given in Table 2.

Table 2. Estimates of Upper Valley Tributary Underflows*

Location Estimated Underflow (af’y)
Above North Fork 16,300
Warm Springs 2,900
Trail Creek 15,900
East Fork 19,000
Deer Creek 19,600

*The additive sum of underflow from these tributaries exceeds total underflow at Hailey due to
“gainer/loser” interaction.

Upper Valley Water Use

Basically there are two types of water “use”---consumptive and non-
consumptive. Hydrologists measure consumptive use similar to the way rainfall is
reported. When we say it rained an “inch,” this means rainfall is recorded as height of
water covering a unit of area. In similar fashion, when the consumptive rate of a
particular type of vegetation is said to be “12 inches,” this means for each surface area
unit of the vegetation---perhaps a square foot---a column of 12 inches of water will be
transpired through the plant’s roots and leaves per unit of time. For example, during a
growing season suppose farmer pumps 652,000 gallons of water from an irrigation well
and spreads it over one acre of land. This amount of water would equal the acre being
covered with 24 inches of water or two acre feet of water. Further, scientists know this
land and its crop will evapotranspirate (consume) 12 inches but the other 12 inches will
percolate downward to the aquifer. Calculating consumed water is not always this simple
as many complex factors can come into play but it is today’s accepted practice to equate

water evaporated and transpired (ET) as tantamount to water consumed. If the amount of
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