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Abstract

Rapid growth in the city of Twin Falls, Idaho has stressed the current water supply
system. In an effort to gain an understanding of the area geohydrology, the city contracted with
the University of Idaho Water Resources Research Institute to develop a numerical ground-water
flow model for the aquifer underlying the city of Twin Falls. The steady state ground-water flow
model was developed based on recharge and discharge data from the last twenty years.

The primary source of recharge to the area is irrigation by the Twin Falls Canal Company.
Evapotranspiration and unmeasured springs to the Snake River and other surface streams are
important sources of discharge from the aquifer. A water budget for the basin was developed
using precipitation, surface flow and crop distribution data. Evapotranspiration was calculated
using average crop distributions and reference evapotranspiration values. Applied irrigation water
was calculated from diversions, measured irrigation returns and land use data. Underflow from
tributary basins was estimated or obtained from the literature.

The steady state numerical ground-water flow model was calibrated to water level
measurements taken from December 1995 to December 1996. The network of 113 wells was
measured five times in that thirteen month period. The model parameters which were calibrated
were mode] hydraulic conductivity and spring conductance. Comparison of simulated water levels
with measured water levels resulted in a mean absolute error of 17.5 ft and a root mean square of
24.4 fi, with eighty-one percent of simulated water levels being within 30 feet of measured water

levels.



vii
As stresses on the aquifer grow, water levels are dropping, causing concern over
increased pump lifts and reduced spring flows. The calibrated steady state ground-water model

provides the city with a management tool for evaluating changes in water and land use, as well as

potential water development and recharge scenarios.



Chapter 1

Introduction

Background

The City of Twin Falls, Idaho, located in south central Idaho along the south side of the
Snake River, is rapidly outgrowing its current municipal water supply. The city is experiencing
the greatest growth of any city in Idaho, with an estimated annual growth rate of 2.5 percent.
Water supply and water quality are of great concern to the city water department and city
planners. To plan for future needs, the City of Twin Falls contracted with the Idaho Water
Resources Research Institute of the University of Idaho to design and implement a numerical
ground-water flow model. The model is intended to represent the current hydrological conditions
of the city and to be used as a planning tool to assist in predicting the impact of projected growth
and changes in local water use.

The study is being done in two phases. Phase | was the design, implementation,
calibration and verification of a steady state numerical ground-water flow model for the Twin
Falls area. This report covers the work done in Phase 1. Phase 2, which is ongoing, is
conversion of the numerical model to a transient model to be used for growth projections and

future planning.



Statement of Problem

The City of Twin Falls meets its municipal water demand using a ground-water right at
Blue Lakes on the north side of the Snake River canyon and three municipal wells south of the
city. The Blue Lakes ground-water right provides eighty-five to ninety percent of the current
municipal supply. Approximately 26 mgd (40 cfs) is pumped from the Blue Lakes area to the
city through a single 30 inch diameter pipe over the Snake River, with a lift of 500 feet on the
south side of the Snake River canyon. The three city wells have a pumping capacity of
approximately 10.5 mgd (16 cfs). The city stores water in two 5 million gallon storage tanks
and a smaller 750,000 gallon storage tank. Peak water use of the City of Twin Falls is
estimated at a rate of approximately 29 mgd (45 cfs). Peak water use occurs in the summer.

The current method of meeting the municipal water needs poses several concerns.
During periods of peak water use, the city is near capacity for water delivery. The limited
storage capacity indicates that demand must be met in real time. The current ground-water
right at Blue Lakes allows for 32 mgd (50 cfs), however, the cost of developing the unused
portion of the right is estimated at 1.7 million dollars. Full development of the ground-water
right would stress the environmentally sensitive Blue Lakes area. The increase in dairy farming
on the north side of the Snake River also introduces water quality concerns for Blue Lakes.
The risk of a failure in the pipeline crossing the Snake River also puts the city’s water supply
at risk.

Partial to total replacement or augmentation of the Blue Lakes water supply with
ground water from the south side of the Snake River Canyon poses a number of questions.
First, is the aquifer capable of meeting the additional water demand? Second, can the needed

high yield wells be developed without injury to other water users? Third, will changing



irrigation practices limit development potential because of decreased recharge? These issues
form the basis for this research project.

Of primary concern to the city planners are the impacts to the ground-water resource
of both further ground-water development and changing land use. Ground-water development
in the tract is primarily for domestic and municipal purposes, with minimal ground water based
irrigation. Irrigation on the Twin Falls tract is primarily by gravity delivery fed by diversions
from the Snake River with only about ten to fifteen percent sprinkler irrigation in current
practice. With increasing labor costs associated with surface irrigation (e.g. flood, furrow)
and federal government incentives, conversion to sprinkler irrigation is expected to rise
dramatically in the next several years. This will reduce incidental recharge associated with
irrigation. Conversion of irrigated agricultural lands to municipal use due to increased
population and reduction of irrigated acreage will also impact recharge volumes. Such
diminished recharge will subsequently affect existing ground water users and bring into
question new well development projects such as that proposed by the City of Twin Falls.

The onset of surface irrigation in 1905 with the building of the Twin Falls canal system
raised ground-water levels dramatically, possibly as much 300 feet (Steamns, et al, 1938).
Irrigation, coupled with the existence of low permeability loess sediments, caused localized
water logging. To alleviate the situation, tunnels were excavated into the underlying basalt in
the late 1920s to drain the fields. Water utilization, with the associated water rights, has been
derived from the effluent of the these tunnels. Some tunnels flow only during the irrigation
season. Other tunnels drain the upper portion of the aquifer throughout the year. Some tunnel
drainage is captured and re-applied as irrigation water. Other tunnel rights are used by the

aquaculture industry, which is highly dependent upon sustained flow levels, water quality, and



stable water temperature. The reduction in recharge associated with conversion to sprinkler
irrigation plus changes in land use will result in decreased flows from the funnels. Increased
ground-water pumpage also will impact water rights based on the tunnel discharges.

The City of Twin Falls plans to implement a managed recharge program along with
development of new municipal wells south of the city to ensure a stable water supply. The
recharge would be used to help sustain production at existing city wells and offset possible
water level declines resulting from the new municipal wells. The recharge may also help
offset the effects of the anticipated conversion from surface to sprinkler irrigation. The City
of Twin Falls is sensitive to the need for balance between municipal water requirements,
commercial water use and domestic water use. Lower aquifer levels would have an adverse
impact on domestic wells, causing costly increases in pumping lifts and well deepening.
Lower aquifer levels would also have an adverse effect on spring flows utilized by the
aquaculture industry. In additicn, local hydropower plants on Rock Creek and Pigeon Cove
could be affected by reduced spring flows. This research project is designed to help provide
the City of Twin Falls with the technical basis to judge alternative water development and

management programs.

Purpose and Objectives

The purpose of this study is to provide the City of Twin Falls with a better
understanding of the local geohydrology via a ground-water model which can be used as a
predictive tool for municipal water planning. The objective of the ground-water model is to
enable the city to run predictive simulations modeling various well development scenarios,

population growth projections and potentiai recharge programs. The ground-water model will



enable estimation of impacts of water level changes and reduced spring flows in specific
regions within the study area, to address hydrological concerns of the water user community.

Another objective of the study is to provide the city with a comprehensive baseline of
water levels throughout the greater Twin Falls area. This will enable city planners to track
future aquifer changes to determine actual impacts of development. Water quality issues were
not within the scope of the current study; however, the work done for this study included
identification of potential water supply and quality concerns for future study.

A third objective of this research project was to develop spreadsheets which could be
used by the City of Twin Falls water department personnel to calculate recharge for model
scenarios. 'The spreadsheets facilitate the setting up and running of water use and
management model scenarios by providing the user with a logical presentation of scenario

variables which are then incorporated into the model recharge calculations.



Chapter 2

Study Area Description

Study Boundaries

The study area is bounded on the north by the Snake River, on the west and southwest
by Salmon Falls Creek, on the south by the Cassia Mountains (locally called the South Hills)
and on the east by the Murtaugh Lake area. The deeply incised canyons of the Snake River
and Salmon Falls Creek provide natural hydrological boundaries, making them obvious choices
for model boundaries. The Cassia Mountains, an uplified sedimentary body, provide a
boundary between developed and undeveloped land as well as a good hydrogeological
boundary. The only significant underflow from that region is in the narrow alluvial valleys of
streams draining the mountains (Rock Creek and Dry Creek). The Murtaugh area provides a
good eastern boundary, with the Oakley Fan area east of Murtaugh being hydrologically
distinct from the Twin Falls area. A geological fault to the southeast of the Murtaugh area
{Young and Newton, 1989) provides a hydrological boundary with water levels east of the
fault being several hundred feet lower than levels west of the fault. Figure 1 shows the

physical boundaries of the study area and the study area context within Idaho.
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Climate

The study area is a high desert climate. Precipitation at the Twin Falls Weather Station
Office (WSO) averaged 10.2 inches annually during the period of record (1945-1994), with
the dominant precipitation occurring as snow in the winter months. The climate is typified by
hot dry summers and cold winters, with summer temperatures exceeding 90°F and winter
temperatures less than 20°F. Mean annual temperature in Twin Falls is 49°F (Street and
DeTar, 1987). The frost-free season is typically early May through mid-September. During

the growing season, crop evapotranspiration exceeds precipitation.

Geological Sefting

The Twin Falls area is a gently undulating Quaternary basalt plain, dotted by shield
volcanoes (Hub Butte, Stricker Butte and Hansen Butte) and overlain by Quaternary sediments.
The plain slopes gently to the northwest with a grade of approximately one percent. The
buttes rise from 100 to 400 feet above the plain. The basalts underlying the Twin Falls area
were previously termed the Miocene Banbury Basalt of the Idaho Group and the Holocene and
Pleistocene Glenns Ferry Formation of the Idaho Group (Street and DeTar, 1987 and Moffatt
and Jones, 1984). The terminology used to refer to the basalts overlying the Banbury Basalts
is undergoing a change, with the basalts being named with regard to the source of the flow
such as Hub Butte Flow or Hansen Butte Flow (per personal communication with W,
Bonnichsen). Collectively, these basalts are referred to as the Snake River Group. The basalt
flows are typically lobe shaped with denser, thicker basalt near the point of origin, thinning
with distance from the source, typically to the north. The flows are interfingered with clays,

loess and other sediments in the interflow zones. The basalts vary in degree of fracturing.



The variation in fractures and the existence of interflow zones causes a local variability in
porosity and hydraulic conductivity.

The basalts overlie the Tertiary Idavada volcanics, which are comprised of rhyolites
and welded tuffs. The Idavada volcanics collectively describe rhyolites from the Shoshone
Falls, the Twin Falls and the Bruneau-Jarbridge eruptive centers. Rhyolites from the Shoshone
Falls eruptive center underlie the eastern portion of the study area, as evidenced by an outcrop
at the Snake River Canyon near the Perrine Bridge (Street and DeTar, 1987). There is also
evidence of rhyolites and welded tuffs from the Bruneau-Jarbridge and Twin Falls eruptive
centers in the study area. These rhyolites and tuffs are exposed near Salmon Falls Creek
reservoir to the west and in the Cassia Mountains to the south and are thought to underlie the
study area. The eruptive center for the Idavada volcanics in the Twin Falls area is thought to
be north of the Snake River, with the rhyolites thicker to the north, thinning to the south. The
Bruneau-Jarbridge eruptive center is thought to be west of Salmon Falls Creek, with
occurrences of the Bruneau-Jarbridge rhyolites mostly in the western part of the study area
{personal communication with W. Bonnichsen). The Idavada volcanics overlie Paleozoic and
Mesozoic sedimentary and metamorphic units, dominantly quartzites and limestones (Street
and DeTar, 1987). The Cassia Mountains on the south boundary of the study area consist of
highly fractured and faulted metamorphic and sedimentary rocks uplifted during the Laramide
orogeny. Between the Cassia Mountains and Salmon Falls Creek is the Rogerson graben, a
basin and range extensional graben overlain by Quaternary sediments.

The possibility exists that some of the basalts within the study area have undergone a
water alteration immediately after emplacement, with geochemical alteration causing

significantly lower hydraulic conductivities. Their presence is most likely in an area extending
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from approximately the mid-range of the study area to the west, and thickening to the west
(per personal communication with W. Bonnichsen). The water alteration would have occurred
as the basalts flowed slowly into Lake Idaho, whose eastern extent was near Rock Creek in
Twin Falls. The water-altered basalts are thought to be very dense and do not show the
characteristic fractures of other basalt flows in the area. Evidence of these altered basalts can
be seen in roadcuts near Banbury Hot Springs, in the western part of the study area. These
altered basalts are thought to be overlain by younger, fractured basalts of higher hydraulic
conductivity. The potential existence of these altered basalts could impact aquifer yields and

flow characteristics.

Hydrological Setting

Surface Water

The Snake River occurs in a deep canyon (up to 500 feet deep in the Twin Falls area)
cut in the Snake River Plain basalts. The Snake River is gaining in the reach between Milner
Dam and Salmon Falls Creek, bordering the study area. Snake River reach gains from springs
were analyzed by Kjelstrom (1995a, 1995b) and Thomas (1969). Although most previous
work attributes the gains to springs from the north side, Kjelstrom (1995b) estimated that ten

percent of Snake River spring gains are from the south side.

Salmon Falls Creek, which originates in Nevada, borders the study area on the
southwest and the west. Salmon Falls Creek is dammed south of the study area; streamflow
into the study area originates as seepage from the dam. Salmon Falls Creek is gaining along

the entire border of the study area from springs emanating primarily from the east side (study



area). Salmon Falls Creek flows northward in an increasingly deep canyon, reaching
approximately 500 feet in depth as Salmon Falls Creek approaches its confluence with the
Snake River. Crosthwaite (1969b) estimates that ninety percent of the gain in Salmon Falls
Creek is from the east side (the Twin Falls tract), with only ten percent gain from the west
side due to less irrigation in that area.

Rock Creek originates in the Cassia Mountains to the south of the study area and flows
north/northeast through the study area. In the south part of the study area, Rock Creek is
above the water table. In the more northern part of the study area, Rock Creek is incised in an
increasingly deep canyon below the water table and gains water from springs and man-made
tunnels.

Dry Creek is an intermittent stream which originates in the Cassia Mountains in the
southeast comer of the study area and flows north into Murtaugh Lake and then from
Murtaugh Lake into the Snake River. Deep Creek, Mud Creek and Cedar Draw are streams
which originate within the study area and drain water from the study area. All three are
incised in deeper canyons as they approach their respective confluence with the Snake River
and all three are spring and drain fed.

Murtaugh Lake, a man-made lake developed as part of the Southside Irrigation Project,
is located on the east border of the study area. Murtaugh Lake is completely filled only during
the irrigation season and remains partially filled year-round. Mﬁrtaugh Lake seeps
approximately 14,000 acre-feet into the aquifer annually (Young and Newton, 1989).
Murtaugh Lake is hydraulically connected to the regional ground-water system, with seepage

from Murtaugh Lake increasing as pumping west and south of Murtaugh Lake increases.
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The study area is predominantly irrigated by the Twin Falls Canal Company (TFCC),
the largest irrigation company in the state. The TFCC diverts an average of 1.1 million a-fly
from the Snake River. The irrigation water is delivered to the area by gravity feed via the High
Line and Low Line canals. Approximately 202,000 acres are serviced by the TFCC. It is
estimated that in current practice, eighty-five to ninety percent of irrigation in the Twin Fails
tract is surface irrigated (primarily furrow irrigation) with sprinkler irrigation making up the
balance (per personal communication with V. Alberdi). Surface irrigation provides an
important source of recharge to the area aquifer; less recharge occurs from sprinkler-irrigated
fields. Crop evapotranspiration is a significant source of water loss in the tract. Irrigation
ditches and sub-surface drains conduct irrigation returns to surface streams leaving the tract.

The Salmon River Canal Company (SRCC) services a region south of the study area
and extending north into the study area. Approximately sixty-five percent of the acreage
served by the SRCC lies within the study area. However, SRCC diversions fluctuate greatly
from year to year based upon water supply. There is also some limited surface irrigation
within the study area from Rock Creek. In addition, in the southeastern part of the study area,

there is limited irrigation by ground water.
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Ground Water

The regional aquifer underlying the Twin Falls tract is predominantly in the Quaternary
and Tertiary basalts. The deminant sources of recharge to the Twin Falls aquifer are
underflow, precipitation in the winter, and irrigation in the summer. The aquifer is fed by
relatively minor underflow from the Murtaugh area and from Rock Creek and Dry Creek in the
southeast. The Twin Falls aquifer is also fed by underflow from the Salmon Falls area in the
southwest. Dominant mechanisms of discharge from the aquifer are springs and man-made
drains discharging o the surface streams. Figure 2 shows water table contours for the study
area averaged throughout the year, Flow in the Twin Falls aquifer is generally south to north
with an average gradient of 60 feet/mile.

Ground-water levels fluctuate in an annual cycle, responding to recharge from the
surface irrigation. Figure 3 shows contours for the rise in water table between July and
December of 1996, reflecting a water table high during irrigation and a water table low in the
winter. Both sets of water level contours were generated using measurements taken during
1995-1996, in a well network discussed in a later section of this report.

The regional aquifer in the basalts overlies a geothermal aquifer in the Idavada rhyolite.
Natural communication between the geothermal aquifer and the unconfined aquifer in the
basalts is believed to be minimal (personal communication with C. Brockway). The
geothermal aquifer is under artesian pressure and has higher hydraulic head than the basalt

aquifer. Wells which are open to both aquifers show a mixed potentiometric head. The
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geothermal aquifer is at great depth (around 1400 feet in the area near the city of Twin Falls).
Geothermal wells in the heart of the study are cased to exclude the basalt aquifer and are used
for geothermal heating. Wells which are open to both aquifers tend to be in the far southern
reaches of the unconfined basalt system.

Moffatt and Jones (1984) document a perched zone in the study area extending from
approximately Twin Falls to Buhl. They characterize the zone as being in basalt, perched on
relatively impermeable layers of interbedded loess and clay. The perched zone is estimated by
Moffatt and Jones (1984) to underlie 33,000 acres (Figure 4). The zone is drained by springs,
man-made drains, and wells which penetrate both the perched system and the regional system.
MofTatt and Jones (1984) estimate that the perched zone stores between 13,000 and 40,000
acre-feet, a small amount of water relative to the total volume of water in the regional system

and small relative to the annual volume of recharge water.



Jlayinby peyoiegd

wr ybnepng

sHe8ID
ua_n:_..ou\/\

sproy

vy BRUS

1eur 3 duyBiy

(LU UTT[

vy foms 1 (#8961 ) SOUOI PUB NBLON JoUB '8UO07Z JeJinby peLdied " 8.nbid ——— )
sy @ SNy 2 0 ¢

Awno) sjje4 upm

¥o81) §I0Y o

yBneuny

piojapsed

Apaquyy o

L 4
s|fe Ui

Ajune) swosep N




Chapter 3

Water Budget

Water budgets were developed for surface and ground water within the study area and
for ground water alone. A previous overall water budget was done by Ralston and Young
(1971). The Ralston and Young report covered a subset of the current study area, with the
southern boundary at the High Line Canal of the TFCC. The Ralston and Young report also
extended east to Milner Dam, where the current study area ends on the eastern edge of
Murtaugh Lake. The Ralston and Young water budget was used as a model for the water

budgets for this study.

Overall Water Budget

Inflows to the study area and outflows from the study area were developed using a 20
year average based on the years 1973 to 1993, where possible. This period was chosen to
reflect existing conditions due to the limited changes occurring during this 20 year period.
Table 1 shows the overall water budget for the study area and the sources of the data. Figure

5 shows the conceptual model for the overall water budget.



outflow

Table 1. Water Budget for Study Area

Inflow Rate
Acre-itiyr
Municipal water imported 9,000.
from Blue Lakes
Precipitation 307,000.
Creek Inflows
Dry Creek Inflow 2,800.
Rock Creek Inflow 25,000.
Ephemeral Stream Inflow 10,200.
Salmon Falls Creek Inflow 5,800
Underflow
Rock Cr./Dry Cr. Underflow 21,000.
Salmon Falls Underflow 115,000.
Murtaugh Area Underflow. 15,000.
Irrigation
Twin Falls Canal Divers. 1,090,000.
Salmon Falls Irrigation 31,000.
Total In 1,626,000.
Qutflow
Creek Outflows
Salmon Falls Creek 103,500.
Deep Creek 46,000,
Mud Creek 62,000.
Cedar Draw 69,000.
Rock Creek 139,000.
Pumpage to West of Study Area
Salm. Falls Cr. Consumpt, 44,100,
lrrigation Returns to Snake River
Measured Drains 70,000.
Estimated Drains 38,000.
Sewage Treat. Outflow 7.,000.
ET 741,000.
Measured Outflow 1,320,000,
Un-meas. surface
and sub-surface 306,000.

Comment

Average of 1987-present. From
city records.
10.3 in/yr spread across active
model cells

From 1994 records

From 1944-1974 records
From Crosthwaite, 1969a
Estimated

From Crosthwaite, 1969a
From Crosthwaite, 1969b
Estimated

Average from 1973-1993
Data from by Salmon River
Canal Co.

90% of 115K gain

From USGS records.
From USGS records.
From USGS records.
From USGS records.

90% of 49,000 acre-ft
Consumption

Brockway and Robison (1992).
Pigeon Cove Corrected

Data provided by City of Twin
Falls.

Allen and Brockway method
applied to model cells

Difference of Total In and
Measured Out

19
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Inflows

Sources of inflow to the study area are precipitation, irrigation, underflow, surface-
water inflow and municipal importation. Irrigation diversions from the TFCC constitute the
single greatest source of inflow to the study area. Average diversions for the TFCC for the
1973 to 1993 period were used in the water budget. Irrigation diversions for the SRCC for the
years 1992 to 1996 were provided by the canal company. The diversions were scaled based
on the percentage of acres irrigated by the SRCC that falls in the study area. Precipitation was
derived from 1945 to 1994 daily records from the Twin Falls, Idaho WSQ. Precipitation was
assumed to be uniform throughout the study area. Water imporied to the study area from Blue
Lakes by the City of Twin Falls was calculated using flow records from the city for 1987 to
1996.

Surface-water inflows were derived from the U. S. Geological Survey Water
Resources Data, where available. The gage at Rock Creek Townsite was discontinued in
1974, so Rock Creek inflows were based on gage records from the Rock Creek Townsite for
1944 to 1974. Dry Creek inflows were gaged only in 1994, Mud Creek, Deep Creek and
Cedar Draw inflows were estimated by Crosthwaite (1969a) and are listed as ‘ephemeral
streams’.

Underflow to the study area from Murtaugh was estimated based on calculated
gradients and estimated hydraulic conductivities. Murtaugh Lake seepage estimates were taken
from Young and Newton (1989). Underflow from the Rock Creek and Dry Creek drainages
was estimated by Crosthwaite (1969a). Underflow from the Salmon Falis area was estimated

by Crosthwaite (1969b).



Outflows

Evapotranspiration (ET), surface creek outflows, surface drains to the Snake River,
subsurface drains and springs, water exportation and sewage treatment effluent comprise the
outflows from the study area. Measurements or reasonable estimates are available on alj of
these elements except spring and drain outflows to the Snake River. This represents
approximately twenty percent of the total water discharging from the study arca.

Evapotranspiration is the single largest source of water leaving the study area. Crop
distributions for Twin Falls County were provided by the Twin Falis Apricultural Stabilization
and Conservation Service {ASCS) office for the years 1989 to 1995, These crop distribulions
were averaged to create the crop distribution in Table 2. The percentage of CRP/fallow land
was adjusted from fourteen percent to four percent to be more representative of the crop
profile within the study area (consensus between University of ldaho personne! and City of
Twin Fails personnel). Table 2 shows the average crop distribution calculated from the ASCS
data and the same crop distribution with the noted reduction in CRP/fallow percentage. Based
on this average crop profile, an average annual evapotranspiration rate of 2.98 feet/year for
irrigated land was calculated using reference ET rates shown in Table 3. For non-irrigated
land, ET was presumed to equal precipitation. In the ground-water model, the average crop
ET rate of 2.98 feet/year was applied to all irrigated acres, with the effect of assuming an
average crop distribution on each acre planted. The calculation of ET for the ground-water

mode! is more fully discussed in the Calculation of Recharge Section in Chapter 3.
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Table 2. Crop Distribution for the Irrigated
Acres within the Study Area

Crop Twin Falls County Crop Study Area Crop Dist.
Distribution 1989-1995
ASCS Survey

Alfaifa 16.32 18.22
Barley g.21 10.28
Beans 2168 24.21
Corn 374 4.18
CRP 10.66 4.00
Ory Peas 2.84 317
Fallow 3.05 0.00
Grass 2.89 3.23
Oats 1.10 1.23
Potatoes 4.49 5.01
Sugar Beets 6.06 6.77
Sweet Corn 3.31 3.70
Wheat 14.64 16.34

Outflows for Rock Creek, Deep Creek, Mud Creek and Cedar Draw were obtained
from the U. 8. Geological Survey Water Resources Data for the available years. Outflow from
the study area to Salmon Falls Creek was estimated as ninefy percent of the iatal outflow of
Sakinon 1alis Creek by Ralsion and Youing {1971). Total Salmon Falls Creek outliow includes
water dischuarged w the Snake River and water pumped oul of the creek for irrigation to the
west. Fhe volume of irmgation water pumped from Saimon Fails Creek was estimated based
on IDWR water rights records. It was assumed that ninety percent ot the pumped water also
originates in the study area.

Drains to the Snake River were measured as part of the Mid-Snake Water Quality
Study and are published in Brockway and Robison (1992). Approximately sixty percent of the

drains to the Snake River were measured as part of that study, so an estimate was made

for the unmeasured drains to the Snake River {personal communication with C. Brockway
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and C. Robison). Table 4 summarizes the drains measured as part of that study. The flows
for Pigeon Cove were correcied based on data published in Sterling (1983); the numbers
published i Brockway and Rebison ¢1992) are helieved to have heen based on incorreat
power production records. Records were obiained from the City of Twin Falls to estimare

municipal outflow.

Ground-Water Budget
A ground-water budget was developed reflecting all water into and out of the regional
aquifer. Figure 6 shows the conceptuat model for the pround-water budget. Tabie 3 shows

the overall ground-water budget.

Ground-Water Inflows

The primary sources of inflow to the regional aquifer are underflow from the areas
surrcunding the study area, cunal seepags and deep pereoiation of precipitation and irrigarion

stimates for the ground-water

r

waer applied in oxcess of crop demands. The underfiow
vudgel are the same us for e overall water pudget. Cattal seepage was sstunated as fen
percent of the average TFCC diversion (based on personal communication with V. Alberdi).
Canal sespage was measured in 1912 (Crosthwaite, 1969.a) and was calculaed as thirty-five
percent at that time. Seepagas was estimated at seventeen percent in 1905 {Crosthwaiie,
1969a). A decrease in canal segpage would be expected due to silts settiing mio the canat
interstices, 50 o current estimate of ten percent loss due 1o canal secpage is reascnable. For

the ground-water mode], canal seepage was assied to he only from the High Line and
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Chapter 4

Well Measurement Network

A network of 118 wells was established for measuring ground-water levels in the Twin
Falls area. The well network was designed to be most dense in the central part of the study
area, with diminishing density as the distance from the center of the study area increased.
Most of the wells in the network were domestic wells, due to the lack of ground-water
irrigation in the tract. Figure 7 shows the location of the measured wells within the study area.
An attempt was made to select wells sited along Rock Creek Canyon, the Snake River Canyon,
Cedar Draw and Salmon Falls Creek Canyon to better establish water levels in those areas.

Very few wells exist in the extreme eastern and southern parts of the study area. Two
wells measured by the U. . Geological Survey in the extreme southeast part of the study area
were used. Two additional wells measured by the U. S. Geological Survey in the southwest
part of the study were initially used; however, those wells were dropped from the network
because they penetrate both the regional basalt aquifer and the geothermal aquifer, so the
measurements reflect mixed potentiometric heads (per personal communication with W.
Young).

The water levels were measured five times in a thirteen month period during 1995 and
1996. Measurements were taken in November-December, 1995, and March, July, October

and December, 1996, Water levels in the Twin Fails area fluctuate greatly due to surface
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Average annual water contours were generated using the five measurements of each
well in the well network (see Chapter 4). The average water contours were gridded using the
Surfer contouring package, the gnd was read nto Visual MODFLOW where the grid points
were converted to starting heads for each model cell. The steady state mode] was calibrated
to the gridded heads in model cells containing measured wells.

Recharge to the siudy area included precipitation, vnderflow, canal seepage and
wrgation. Discharge from the study area was modeled as evapotranspiration and head-
dependent drains.

Precipitation was areally distributed throughout the study area, using the average
precipitation for the Twin Falls, Idaho WSO. Iengation was distnibuted based on land use and
the source of 1rrigation water. Sources of irrigation water included the TFCC surface and
sprinkler irrigation, SRCC surface irnigation, Rock Creek surface irigation and ground water.
L.and use within the model was characterized as urban, suburban, agricultural or range. For
urban and suburban land uses, the only umigation which was modeled was lawn watering.
Agricultural land was modeled using an imgation application rate appropriate for the source of
irntgation. Canal seepage was resiricted to the High Line and Low Line canals of the TFCC. A
uniform application of irrigation water was assumed for all acres irmigated by the same
irrigation source. Application of precipitation, ifrigation water, and canal seepage was modeled
as mdependent of aquifer head.

Evapotranspiration, calculated using an average crop profile, was applied uniformly to
each imigated acre. Each acre of cropped land was modeled as though it was planted with
each of the crops listed in Table 2 and in the listed proportions; therefore, the same average

ET rate was applied to each wrigated acre. Range land was modeled as not imigated or



40

cropped, with ET equal to precipitation (all precipitation was presumed to evaporate, with no
net gain to or loss from the aquifer).

Springs to surface streams and rivers were modeled as head-dependent drains. Major
controlling factors on the model calcutations are location and discharge rates of springs to the
Snake River. A flow-net analysis (I.ohman, 1972) was done to estimate the distribution of
springs to the Snake River. Flow channels were established based on the average water
contours generated using the well network. The study area was divided into five flow
channels by drawing lines perpendicular to the water contours. Because flow is orthogonal to
the water table contours (assuming an isotropic media), it could be assumed that there would
be minimal flow between the flow channels. Within each flow channel, the total recharge
should equal the total discharge, otherwise there would be significant flow between the
channels. Figure 9 shows the flow channels superimposed upon the water contours. The
flow channels were then used to determine the volume of discharge required to balance the
volume of recharge within each channel. This facilitated identification of the location and

discharge of springs within the model, consistent with known spring locations.

Starting Heads

Starting heads tor the steady state finite ditfference model were generated using the
average of the water levels measured in each well in the well network. Data points along Rock
Creek were added to represent springs located an arbitrary 20 {t above the creek bed. These
data points were added because the initial water contours showed flow across Rock Creek in

locations where the canyon was deeply incised. Addition of the data points along
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Rock Creek altered the generated contours to a more realistic flow pattern near Rock Creek.

A steady state model represents the average hydrotogical conditions run for an infinite
period of time. For the Twin Falls steady state model, average water levels were used for the
starting heads. Even though the average water levels did not reflect a true measurement, they
were most representative of average conditions.

Spring elevations along the Snake River and Salmon Falls Creek were not used n
generation of the starting heads. Introduction of estimated spring elevations into the water
contours would make the modeled head-dependent drains unduly sensitive to changes in water

levels at the canyon walls.

Calculation of Rechargé

The components of recharge which were modeled were precipitation, applied irrigation
water, evapotranspiration, undertlow and canal seepage. All of the recharge compenents were
summed into a single recharge term and were represented using the
Well Package of MODFLOW. Model cells with a net loss of waler were represented as wells
with a negative Q term. Model cells with a net gain of water were represented as wells with a

positive () term.

Method of Estimation

A spreadsheet method was developed for calculating recharge for the fimte difference
model. The spreadsheets were designed with a row/column format to enable the user to
modify variables in cells or groups of celis. This provided the user with a good visual
representation of data in actual cell locations. The spreadsheets were created using Microsott

EXCEL (version 5.0¢). Macros were written using EXCEL’s Visual Basic for Applications
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{VBA) language to process the data entered by the user and generate the MODFLOW well file.
The spreadsheets are explained in more detail in the appendix. The following sections describe

how the different components of recharge were calculated for the model.

Precipitation

Precipitation was uniformly distributed, based on the average annual precipitation at the
Twin Falls WSO for the period of record. For each model cell, the precipitation component of

recharge was calculated as cell area imes the average annual precipitation of 10.3 inches.

Applied Irrigation Water

The applied irrigation water was calculated based on the number of immigated acres in
the cell and the source of the irrigation water, The Idaho Department of Water Resources
provided the number of irrigated acres by section for Twin Falls County. These data were
mapped to each cell of the mode! based on which section the cell was in and the size of the
cell. The imigated acreages were then corrected by applying a factor of 0.875 to represent the
acreage which was actually planted versus roads, rights of way, houses and canals. The
0.873 scaling factor was derived by planimetering aertal photos of rural seciions in the Twin
Falts area.

IDWR also provided a.map showing canal company service areas. From that map,
each model cell was assigned a source of irrigation water. Four sources were modeled: the
TFCC, the SRCC, Rock Creek and ground water.

For the TFCC, the total applied water was calculated as the total volume of water
diverted minus the sum of measured and estimated return flows, canal seepage, and rmgation

season tunnel flows. Tunnel flows during non-irmigation season were considered to be year-
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round spring flow. An underlying assumption was that drains and tunnels drain all cells
uniformly. The total applied water was then divided by the total number of acres serviced by
the TFCC. This yielded an application rate of 4.6 AF/acre of applied irrigation water per year.
For each modei cell with acres irrigated by the Twin Fall Canal Company, the total applied
irrigation water was calculated as:

4.6 ft { acre x Irrigated_Acres _In Cell.

The same application rate was applied to each cell in the model with acres serviced by the
TFCC.

The SRCC provided data on their monthly diversions for 1992-1996 (Table 6). The
land use data provided by the Idaho Department of Waler Resources indicated that sixty-five
percent of the land irrigated by the SRCC was within the study area. An urigation application
rate was calculated for SRCC-irrigated land within the study area. This application rate was

well below the average crop consumption.
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Table 6.
Salmon River Canal Company Diversions.
{From the Salmon River Canal Company)

Year
Month 1992 1993 1994 1995 1996 Average
May 5,000 5,000 3,000 2,000 9,000 4 800
June 4,000 8,000 5,000 8,000 16,000 7.800
July 16,600 4,600 4,000 19,000 8,600
August 15,000 2,600 8,000 13,000 7,600
September 3,000 4,000 2,000 1,800

Total 30,600

Crosthwaite (1969b) indicated that the number of acres irnigated by the SRCC
fluctuates annually, depending upon water availability. To compensate for this uncertainty m
the model, the same application rate which was calculated for the TFCC, 4.6 AF/acre, was
used for the SRCC, but the number of acres 1rigated in each cell by the SRCC was reduced
based upon the calculated production rate. The production rate for the SRCC was caleulated

as!

( AverageSRCCWaterDive rtedToSfuc&Area)
TFCCAppliedW aterRate
Total SRCCAcresInStudyvArea

ProductionRate = *1 00

The calculated production rate was $.35: that 1s, on the average, thirty -five percent of the
acres assigned to the SRCC within the model area were aclually nmgated. For each model cell
with acres imigated by the SRCC, the number of irmigated acres was multiphied by the
production rate. The 4.6 AF/acre application rale was then applied uniformly to the resulting

number of acres. This method of representing irrigation in the Salmon River area assumes the
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same nel incidental recharge due to wngation as in the Twin Falls tract. In reality, the SRCC
may be more efficient, with a lower net recharge. This area warrants further investigation;
however, the small magnitude of irrigation in the Salmon River area relative to the whote Twin
Falls tract would indicate a relatively small impact on the model.

For land irrigated by Rock Creek, it was originally assumed that the total surface
inflow of Rock Creek during growing season would be diverted for irrigation. Using the total
surface inflow for Rock Creek and the number of acres irrigated by Rock Creek yvielded an
application rate of 13.3 AF/acre, which is almost a factor of three higher than the TFCC
application rate of 4.6 AF/acre. It was clear that either the diversion was too high or the
number of Rock Creek imigated acres was too Jow. This 15 an area which warrants further
study. For the current ground-water model, the Rock Creek irrigated acres indicated by the
IDWR data were used with the TFCC application rate of 4.6 AF/acre. Uncertainty in the value
of this number has little effect on simulation results due to the small magnitude relative to other
water budget components.

For acres irrigated by ground water, it was assumed that any water apphied In excess
of crop consumption would infiltrate back to the aquifer and that the crops would be fuily
watered. The applied immigation water for ground-water irrigated acres was set equal to the
average crop evapotranspiration. Each model cell with ground-water irrigated acres was

muodeled using an application rate of 2.98 AF/acre, the average annual evapotranspiration rate.

Evapotranspiration

Every model cell has associated land use percentages representing the percentage of

the cell which s urban, suburban, agricultural, and range land. These percentages are used to
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calculate evapotranspiratton. The percentage of agricultural land in each model cell was based
upon the imgated acreage data received from IDWR. The percentage of urban and suburban
land was estimated from maps and field surveys. The percentage of range land was derived as
the balance of land not assigned to the other three land use categonies.

Evapotranspiration within urban and suburban arcas was based on the annual grass ET
and on published averages for pervious ground within urban and suburban areas (van der
Leeden, et al, 1990). For urban areas, a fixed percentage of thirty percent pervious ground
was used; for suburban areas, the fixed percentage used was seventy-three percent. For
example, for a model cell which was designated urban, the cell area was multiplied by .3
(reflecting the percent pervious area) and the average grass ET of 3.52 ftyear was applied to
this area. Because the urban area is assumed to be on the city water supply which is derived
largely from outside the basin, a better representation of urban ET might be to exclude it from
the overall calculation, because the water is not derived from the aquifer. Urban ET is,
however, a small component of total discharge.

For agricultural areas, ET was based on a weighted average ET reflecting the crop
distribution for the study area. The average crop ET was calculated using growing season ET
data from Allen and Brockway (1983) and non-growing season ET data from Wright (1993).
The Brockway and Allen growing season ET data were derived for the Kimberly, Idaho area
using the FAO-modified Blaney-Criddle method. The Wright non-growing season numbers
were developed using lysimeters at the U. S, Department of Agricullure Research Station at
Kimberly, idaho. Average annual ET for each specific crop was proportionally apphied to crop
distributions obtained from the Twin Falls ASCS office. The ASCS numbers represented crop

distributions for all of Twin Falls County for seven years. An average crop distribution for the
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counly was calculated from this data. The study area lies wholly within Twin Fatls County,
but is not as large as Twin Falls County, and represents most of the agricultural development
within the county. A consensus between University of Idaho researchers and the City of Twin
Falls planners was that the percentage of faltow/CRP should be reduced for the study area,
presuming that most of the fallow/CRP land in Twin Falls County lies outside the study area.
The percentage of fallow/CRP land was reduced from fourteen percent to four percent and the
other crop percentages were adjusted accordingly. This had the effect of increasing average
ET per acre for the study area. Tuble 3 shows the average monthly ET for each crop grown
in the area.

For range land, ET is assumed to be equal to precipitation, with all precipitation
evaporating and no additional water drawn from aquifer. For any model cell with a mix of

tand uses, the appropriate ET was applied proportionately for each specific land use.

Canal Seepage

Canal seepage was modeled atong the High Line and Low Line canals of the TFCC.
Total canal seepage was estimated as ten percent of the average annual diversion for the
TFCC. This volume of water was then distributed to the five flow channels discussed in
Conceptual Model Description, based on the number of acres irrigated by the TFCC in each
flow channel. The seepage was then apportioned within each flow channel along the High
Line and Low Line canals of the TFCC, based on the canal length in each cell. The canal
seepage was distributed in this manner to model more seepage in areas of the model which

have a higher percentage of irrigation laterals.
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Underflow

Underflow was represented as fixed flux in the border cells where underflow enters the
study areca. The underflow coming into the model was apportioned to the affected model cells
based on the length of the cell face (for example a cell with a 2 mile side facing the undertlow
received twice as much undertlow as a cell with a 1 mile side). This positive flux term was

added into the well term for each cell with underflow.

Model Grid

The model grid is 49 rows by 53 columns. The grid was established using cells of
variable dimension, with .25 mile by .25 mile cells in the central region of the model covering
48 square miles in and around the City of Twin Falls, with increasing cell size away from the
center, expanding to 1 mile by 2 mile cells at the boundaries. Figure 10 shows the model grid
overlain on the study area. The model origin is in the southeast corner of Township 12 south,
Range 13 east, section 9, with Universal Transverse Mercator coordinates of 4,694,750 meters
north , 669,100 meters east and latitude and longitude of 114°36°45™ west, 42°23°20 north.
Figure 11 shows variable grid spacing coverage of the study area. The vartable grid spacing
was chosen to give the highest resolution and modeling detail in the central part of the model,
which was of highest mnterest to the City of Twin Falls, Use of a smaller grid size minimizes

error due to averaging of cell properties (all recharge,
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discharge and hydraulic heads are represented at the center point of the model cell). However
use of a smaller gnd size requires data collection for each model cell, implying that data are
available for very localized areas of the model. In reality, the data which are available are
usually generalized and not available 1o such fine detail. Thus, introduction of a fine grid size
does minimize averaging errors within the model, but does not significantly inerease the level

of accuracy of the model.

Model Boundaries

Model ceils along boundaries where underflow is entering the study area were assumed
to be fixed flux cells. In Figure 10, these are the cells along the eastern boundary south of
Murtaugh Lake and the cells along the southern boundary between Salmon Falls Creek and the
Cassia Mountains. ANl other boundary cells have the defanit as representing no flow
boundaries. The model boundaries were established based on physical boundaries and far
enough from the area of high concern to mimmize 1mpacts of possible inaccuracies of
representation in the area of primary interest near the city.

The Snake River to the north delineates the northernmost active model cells, These
cells were modeled as no flow cells (representing the deep canyon) with a series of head-
dependent drains at elevations and discharges designed to model natural springs in the canyon
walls. Model cells north of the Snake River were modeled as inactive.

The South Hiils are the southern boundary in the eastern part of the model. Cells along
this boundary were modeled as no-flow cells with fixed flux cells representing the Rock Creek

and Dry Creek drainages. In the western part of the model, the southern boundary is Salmon



Falls Creek. Modet cells along Salmon Falls Creek Canyon were modeled as no-flow cells
with fixed flux cells representing underflow from the Salmon Falls ares.

The eastemn boundary of the model 1s located just to the west of Murtaugh Lake. This
boundary 1s focated far enrough from the City of Twin Falls to minimize the impact of the
boundary on water level changes related to pumping and recharge in the central study area.
The Murtaugh Lake area 1s also a natural hydrological boundary. Geological faulting southeust
of Murtaugh Lake has caused the hydrology east of the lake to be significantly difterent from
the hydrology 1o the west of the lake with depth to water being far greater to the east (Young
and Newton, 1989).

Salmon Falls Canyon provided a natural hydrological boundary to the west. The
canyon was modeled using no-flow cells with head-dependent drains representing natural
springs to Salmon Falls Creek. Flow lines in the Salmon Falls Creek area indicate that there is
no ground-water flow under Salmon Falls Creek.

Rock Creek runs from the southeast up to the Snake River in roughly the center of the
model. Rock Creek was viewed as gaining from approximatels the Amalgamated Sugar
Factory {cell row 26, column 36) on northward. Transmissivity of cells containing Rock
Creek canyon were reduced relative to surrounding cells to represent a partial canyon
penetration through the aquifer. From Amalgamated Sugar to the Hospital at the Highway 30
(cell row 20, column 28) crossing, the cells along Rock Creek are modeled with a hydraulic
conductivity which is seventy -five percent of the surrounding cells. From the Highway 30
crossing on north, the cells are modeled with a hydraulic conductivity of fifty percent of the
surrounding cells. Head-dependent drains are set in each cell through which Rock Creek

Iows; thus flow gradually increases from south to north. Rock Creek probabily is a losing
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stream in the southern reaches of the study area, converting to gaining as it enters the incised
canyon. However, because most of the water in Rock Creek is diveried and applied as
irrigation, any additional seepage from Rock Creek is considered as minimal,

Springs and drains to surface streams and rivers were modeled as head-dependent
drains using the Drain package in MODFLOW. All surface streams within the study area were
modeled as gaining throughout the extent of the study area, with head-dependent drains
representing springs discharging to the surface streams.

An attempt was made to map the bottom of the basalt aquifer from driller’s logs.
Uncertainty 1n the lithology i the dnller’s logs and a lack of wells in the west and south
portions of the model yielded unreasonably low numbers for the depth te the bottom of the
basalts. Street and DeTar (1987) show the Shoshone Falls rhyolites at a depth of
approximately 20§ feet in the central part of the study area. Geothermal wells drilied in the
Snake River Canyon bottom indicate a depth to the bottom of the basall of approximately 700
ft. below canyon floor. Wells dniled in the Salmon Falls Creek Canyon bottom indicate a
similar depth to the bottom of the basalt {personal communication with C. Brockway). For the
ground-water model, the bottom of the basalt was modeled as a unitorm, sloping surface
ranging from 700 ft. below land surface at the southem end of the model to 700 ft. below
river bottom at the Snake River. This simplification of a complex variable in the study area
was considered to be a reasonable assumption. The depth of the aquifer will affect calibration
of hydraulic conductivify values. Errors in the depth of the aquifer are oftset by changes to
hydraulic conductivities made during the model calibration phase. Any attempt to mode] the
basalt bottom with further sophistication and without additional data may introduce more error,

This 1s an area which may warrant future study.
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Validity of Boundary Assumptions

The choice of modeling the deeply incised Snake River Canvon as no-flow cells is valid
due to the fact that the canyon botiom is well below the top of the aquifer. Both Garabedian
{1992} and Young and Newton (1989) indicated no underfiow beneath the Snake River in the
Twin Falls area.  Similarly, modeling the Salmon Falls Creek Canyon with no
expected underflow erther leaving or entering the study area is consistent with water contours
generated for this study as well as those published in MotTatt and Jones (1984).

Representing the underflow from the Salmon Falls area as fixed flux cells is consistent
with Crosthwaite (1969b). The choice of no-flow cells along the South Hills, with fixed flux
cells representing the Rock Creek and Dry Creek drainages is consistent with the topography
of the Cassia Mountains and with Crosthwaite (1969a). Representation of the eastern
boundary as fixed flux underflow from the Murtaugh area is supported by Young and Newton

(1989).



Chapter 6

Model Calibration

The steady state model was calibrated in steps, initially as a confined aquifer with fixed
flux nodes 1o represent springs and drains to surface streams and rivers, then as a confined
aquifer with head-dependent drains to represent sprnings and drains, and finally as an
unconfined aquifer with head-dependent drains. This step-wise calibration enabled refinement
of calibration parameters with each successive level of complexity. Initial calibration as a
confined model, although not representative of the actual physical system, enabled refinement
of model parameters such as hydraulic conductivity and drain conductance without having
cells dry up

Onee model parameters were felt to be calibrated, the unconfined modet was also run
for pre-development conditions as a cross-check. A calibration attempt was also made using

the U. 8, Geological Survey parameter estimation program MODFLOWP.

General Calibration Methodology

For mode} ealibration, zones of uniform transmissivity were established based on the
gradients of the water contours generated from the average water level measurements. The
transmissivity within each zone was varied by trial and error, MODFLOW was run and the
simulated heads were compared with the measured heads. The zone boundaries or values

within the zones were altered during calibration in an atiempt to improve the calculated heads
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in areas where departures between measured head and calcutated head were inordinately great.

Improvement was measured based on the mean average error (MAE) and the root mean

square (RMS) of the departures between simulated heads and measured heads.

Calibration Criteria

Several criteria were established to determine improvement in model calibration. The
mean average error and the root mean square of the departures of the simulated heads from
the measured heads were calculated and transmissivities were adjusted to improve those
measures. Once head-dependent drains were introduced to the model, the calculated tlow was
compared with the expected flow from each drain. Drain elevations were set at an average
level of haifway between the starting aquifer head and the river elevation. Drain conductances
were set based on a balance of the recharge/discharge within the flow channels discussed in
Chapter 5. It was not felt to be an improvement to the model to alter drain conductances or
elevations to drive a desired outcome. Drain conductances and drain elevations were fixed and
drain fluxes were manipulated only by varying cell hydraulic conductivities. The elevation of

the aquifer bottom was also held constant during calibration.

Confined Aquifer Calibration

The model was initially calibrated as confined 1o avoid cells becoming dry due to water
levels drawing down below the bottom of the aquifer. The drains were initially established as
fixed flux nodes to provide control over the location and magnitude of flow from the model.
Drain locations and fluxes were fixed based on balancing the recharge and discharge within the
flow channels which were discussed in Chapter 5. By distributing discharge points along

surface streams and nvers such that recharge and discharge within each flow channel was
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balanced, flow between the flow channels was minimized, forcing the modeled flow lines to
match expected flow fines.

Head-dependent drains were added once the simulated heads matched the measured
heads reasonably well. Drain elevations and conductances were set as noted above.
Transmissivities were varied to improve both simulated heads and target drain fluxes. When
no farther significant improvements in MAE and RMS were made, the model was converted fo

uncontined.

MODFLOWP Calibration

An attempt was made to cahbrate the confined steady state model using the U. S
Geological Survey model parameter estimation program MODFLOWP (Hill, 1992). The
parameter estimation program converged with four transmissivity zones, with transmissivities
in the 40,000 ft*/d range (consistent with transmissivities calculated in the steady state model
calibration), however, the parameter estimation program failed to converge with greater than
four zones. This could have been due to some basic error in setting up the mode! within

MODFLOWP.

Unconfined Model

The unconfined model hydrauhic conductivities were calculated by dividing
transmissivity in each cell by aquifer depth (calculated head minus aquifer bottom elevation).
The hydranlic conductivities were then averaged in the same zones which were used in the
confined model calibration. Several more mode] runs were made to tune the hydraulic
conductivities. Figure 12 shows the zones of uniform hydraulic conductivity for the calibrated

model. Table 7 lists the hydraulic conductivities for each zone. Final calibrated hy draulic



conductivities ranged from 4 f/d to 100 f1/d, which are consistent with published hydraulic
conductivities for fractured basalts. Garabedian (1992) estimated hydraulic conductivity in the
Twin Falls area to be 32 ft/d, highly consistent with the range of calibrated hydraulic
conductivifies for the steady state model.

Figure 13 shows contours for the heads generated by the calibrated steady state
unconfined model. This simulated water table is consistent with the water table generated
from the average well network measurements (Figure 2) and with the water contours
published by Moflatt and Jones {1984).

Table 8 shows the locations, target flux, calculated flux and percent difference for the
model drains. The departures between the calibrated mode! heads and the 113 measured heads
have an MAE of 17.5 and an RMS of 24.4. eighty-one percent of the simulated heads were
within 30 feet of the measured heads.

A comparison was made between simulated heads and measured heads at eighty -eight
cells closer in to the City of Twin Falls. The measured heads between Filer and Kimberly and
from the Snake River to 9 miles south of the Snake River were compared with simulated
heads. This comparison yielded an MAE of 14.2 ft and an RMS of 18.9 ft. In this area,
seventy -three percent of the simulated heads were within 20 feet of the measured heads and

eighty -eaght percent were within 30 feet.
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Table 7.
Hydraulic Conductivity {(ft/d) for Zones of Uniform Conductivity.

Zone Hydraulic Conductivity {(ft/d)
1 40
2 20
3 55
4 30
5 45
6 60
7 70
8 35
9 75
10 40
11 55
12 30
3 25
14 50
15 60
16 15
17 75
18 40
19 15
20 30
21 4
22 25
23 40
24 50
25 45
26 20

27 15
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Table 8. Drains for Calibrated Steady State Model.

Caloulated  Tamet Difierence  %of targel

Rale (Acfl)  Rate (Ac-fi) Note: Negative indicates claculated flow
2050544 24697215 419177 1697 .
BATTOEO BIMIALES 165448 2253 is lower than target flow.
5701652 62324468 253078  -30.74
6195134 2324468 205731 2475
5737 1B4B43B1 18071 1152 + more caleulated outflow
2133462 24697215 336250  -1362 - less calcnlated outflow

~1766410 -1645438.1 119972 .29
0535152 -823244.68 130271 1582
-2123478 -1646438.1 477040 2897
-3421993 -43189496  -B96O57 2077
S080E52 7378974 2292322 3107
3692756 -52020283 510172 2903
3260338 -42B2371.6 1022034 2387
3751214 42823716 531158  -1240
6225928 -6852641.7 626714 £.15
-2783368 24875466 205851 11.89
2048714 -1590134.1 458580 2884
-2347810 -24875466  -130737 562
-1840635 -24B75486 846012  -26.01
13 -2390542 24875466 -87005 -3.90
14 5261662 570987.66 55179 9.66
15 -8123429 -570987.66 241355 4227
1% -857072.5 -583203.54 273860 46.96
16 -842210.7 -583203.54 258007 4.4
16 332434 291600.77 40832 14.0¢
16 -34G117.9 -291601.77 48516 1664
16 -300113.7 28160177 8512 292
1% -3466412 -291601.77 55039 1887
17 -745462 8 -583203.54 162259 782
17 ~785561.2 58320354 206758 3545
17 -363462.2 -2916M.77 TI860 2454
v -328319.9 -291601.77 36718 1259
18 3248739 -291601.77 33272 11.41

-329534 -2916MM.77 37932 13.01
-371397.3 -20161.77 79756  27.36
-296216.5 -29161.77 4615 1.58
-201510.4 -291601.77 - -0.03

-264657 -291601.77 36845 1267
-201827.8 -291801.77 Bor74 3079

-184786 -201601.77 56818 3320
-216269.9 -291601.77 -75312  -2583
-241793.1 20160177 -48809  -17.08
-216275.1 -281601.77 -753Z7 2583
-200024.4 -261801.77 57 3140
-1B8184.4 20160177 103417 3547
-2304612 -291601.77 61t 2097
-265642.8 -291601.77 -25958 -8.90
-2476241 260177 43976 -1508
-201395.4 -201601.77 H0206  -3093
-235084.8 -291601.77 -56517  -15.38
-182879.3 -201601.77  -108722  -37.28
«161574.2 29160177 130028 4459

-179713 -201601.77  -111889 3837
-188637.1 29160177  -102065 3531
-212747.1 20160177 78858 2704
5777489 -570967.65 6751 1.18
-201885.6 29160177 8%606 3073
-503963.1 -570087.66 22575 4.02
-593505.1 -1141966.3  -548461 4805
-291663.8 -291601.77 62 0.02
-513566.4 57006766 -57421 -10.08
-021652.3 -BT0987.66 49335 864
-A47256.4 -570087.66 123731 2187
-507115.7 -B70687.68 £/ 118
1161162 -14684001  -307238 2092
-2378258 23558126 12445 0.53
-2565063 -1468400.1 1097563 7475
-1673087 -1468400.1 204587 13.84
-2542368 -2365812.6 178555 746
2280224 -1468400.1 811824 5529

RSSO ONEINNNNN = = =
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During calibration, simulated heads were also compared with gridded measured heads
to determine the quality of fit near the model boundaries. The weil network was highly
concentrated in the central area of the model, causing greater uncertainty in the simulation
results at the boundaries. When compared with gridded measured heads in all modei cells, the
MAE was 21.4 and the RMS was 31.7. Departures were much greater near model boundaries
than closer to the center of the model.

The relatively poor match of simulated heads to extrapolated starting heads near the
model boundaries was not thought to be a major problem for several reasons, Steady state
models are sensitive to boundary effects; the condition of running the model to equilibrium
causes maximum impact of model boundaries on simulated water levels. The mode! simulated
heads in the area of highest interest (near the City of Twin Falls) matched the measured heads
fairly well. The model was not intended to provide the same level of accuracy far away from

the area surrounding the city.

Pre-Development Simulation

A simulation of pre-development conditions was run to compare the results with
information available on the pre-developed Twin Falls tract. The only variable changed for the
pre-development simulation was net recharge. The pre-development conditions simulated
were prior to the initiation of surface irrigation in 1905. Al irrigation was removed from the
model and the entire tract was treated as urban, suburban or range land. The percentages of
urban and suburban land use were not reduced for simplicity. This was not considered to be a
major controlling factor in the pre-development simulation. Underflow from the Murtaugh

Lake area and from the Salmon Falls irrigation area were also not changed. The underflow
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from the Murtaugh Lake area has probably not changed with the onset of development,
because there is relatively little irrigation in that area. Hox;'ever, the underflow from the
Salmon Falls irrigation area has probably increased with the onset of irrigation and should have
been decreased for the pre-development scenario.

Figure 14 shows the simulated pre-development water table and Figure 15 shows the
simulated changes from the present condition. Stearns et. al. {1938) noted rises in the water
table approaching 300 feet, consistent with the simulated changes in the pre-development

scenario.
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Chapter 7

Results and Recommendations

This section summarizes the results of the first phase of the Twin Falls Ground-Water
Study. The products resulting from this study provide the user with a set of tools by which to
configure and run different steady state scenarios for the Twin Falls Steady State Ground-
Water Model. The calibrated steady state model enables the user to explore scenarios
reflecting changes in land use and irrigation practices and to model the impacts these changes
have on the basin. Recommendations for future study and refinement of the current study are

also presented.

Modeling Results

The calibrated steady state model provides a useful tool for studying long-term
management scenarios. The steady state model does not allow changes to scenario conditions
during the running of the model. The model is run until the basin reaches equilibrium, so the
conditions are essentially applied for an infinite length of time. Model results represent an
‘extreme case’ since the stresses have been applied for an infinite length of time and the
resulting changes represent an upper limit to expected responses.

The EXCEL spreadsheet provided with the model, which is documented in Appendix

A, enables the user to easily reflect different model conditions and to set up the MODFLOW
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files for the new scenarios. This tool can be used to quickly set up different model scenarios

to be run in the Twin Falls Steady State Ground-Water Model.

Model Limitations and Assumptions

The steady state ground-water model has several limitations which should be nioted.
Any steady state model is strongly influenced by boundary conditions. This was apparent
during the calibration phase where the central part of the model showed a strong response to
changes in hydraulic conductivity at the boundaries. The lack of data on location, elevation
and flow of springs to the Snake River is a significant limitation on the model. By assigning
spring locations and fluxes to balance flow within the flow channels, the springs are probably
located as well as possible given the current amount of available information, However, the
spring discharge to the Snake River is one of the primary controls on model response, so this
area poses a high degree of uncertainty.

The problems encountered at the model boundaries during model calibration are also of
concern. More investigation is warranted to determine whether the problems encountered
were actually the result of lack of good measurement data near the boundaries or whether the
problems actually indicated a flaw in the conceptual model.

Modeling of the tunnels in the Twin Falls area is also a potential limitation of this
model. The discharge mechanism to the tunnels is not well understood. In the current steady
state model, the tunnels are represented as head-dependent drains because the tunnels were
constructed in the basalts which contain the regional aquifer. Representation of the tunnels as
head-dependent drains was thought to be a reasonable assumption. In future work, it is

recommended that more research be done on the construction of the tunnels, the interaction
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between the ground water in the loess sediments and in the basalts, and the mechanism of
discharge to the tunnels.

Uncertainties are inherent with to numerical model. Therefore, the model should only
be used to predict relative changes in water levels and not to predict water levels at a specific

locality to minimize the impact of uncertainties.

Sample Scenarios

Two sample scenarios were run using the steady state model. The scenarios reflected
a thirty percent conversion to sprinkler irrigation tract-wide and the addition of new municipal
wells south of the Twin Falls airport. The scenarios were selected to demonstrate the types of
impacts the city would be interested in studying with the ground-water model.

The scenario reflecting a thirty percent conversion to sprinkler irrigation was designed
to show the impacts of changes in irrigation practice on the Twin Falls tract. With sprinkler
irrigation, less water is applied and, therefore, less water infiltrates to the aquifer. Currently,
irrigation on the Twin Falls tract is approximately ninety percent surface irrigation and ten
percent sprinkler irrigation, with an incidental recharge of approximately 720,000 acre-fi/yr.
With conversion to thirty percent sprinkler irrigation, the incidental recharge would decrease
by approximately 110,000 acre-ft/yr causing water leveis to drop over time.

The scenario which was run reflects a reduction in the overall application rate across
the Twin Falls tract, not a conversion to sprinkler irrigation in specific locations (although, that
could also be explored as a separate scenario). This is equivalent to a uniform distribution of
sprinkler conversion occurring throughout the tract. The steady state model was run until the

basin reached equilibrium, so the changes are applied for an infinite length of time.  Figure 16
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shows the drawdowns which would be expected from this conversion to sprinkler irrigation.
The water contours represent 10 foot changes in water levels. The area most impacted by the
conversion to sprinkler is the area between Filer and Castleford, south of Buhl. The maximum
predicted impact is approximately 65 to 70 feet, a significant change in water level. As noted
in the section on limitations, these changes are largely a function of spring and boundary
conditions which include a high degree of uncertainty.

The second scenario which was run reflects the effects of locating new municipal
wells continuously pumping a total of 27 cfs approximately | mile south of the Twin Falis
airport. For the scenario, nine wells, each pumping 3 cfs, were placed in adjacent model cells
in an east-west line south of the airport. The model was again run to equilibrium. This
scenario reflects a higher stress on the aquifer than placement of actual wells would cause
since the model is run as though the wells run at the full 3 cfs discharge for 24 hours a day for
an infinitely long time. Effects over a shorter period of time are expected to be less. Figure 17
shows the drawdowns predicted by the model for this scenario. It should be noted that these
drawdown contours are based on the average drawdowns for each model cell. At the actual
well locations, the drawdowns are expected to be greater. The contours are spaced at 4 foot
intervals, with the highest impact of 24 feet centered in the cells containing wells. The impact
decreases to approximately 8 feet two miles from the wells, lessening with distance from the
well locations. Impacts to spring flows to surface streams can also be predicted by the model.

These scenarios were established to demonstrate the types of scenarios which can be
generated using the steady state model. The model was designed to flexibly reflect changes in

land use and irrigation practices, as desired by the user. It should be noted that the two
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steady state scenarios, as well as the pre-development scenario run during model calibration,

produce resulis which appear reasonable, providing confidence in the model’s validity.

Recommendations for Further Study

Implementation of the Twin Falls Steady State Ground-Water Model required several
assumptions which could be refined during future studies. The springs and drains to surface
streams are a major controiling factor in the ground-water model. Approximately 20% of the
water which enters the tract leaves via the springs and drains, Spring locations, elevations and
conductances are an area which would benefit greatly from further work. The spring
attributes were set in the current model at levels which were thought to minimize error in the
model. Given the lack of data on the springs, further characterization of spring locations,
elevations, and flows is strongly recommended. This is very likely the factor which exerts the
most control on results of steady state sirmulations. When the transient model is complete, the
effects of spring characteristics upon model results will depend on the length of time which is
simulated. The spring characteristics will not exert as much control on simulations of short
duration as on those of long duration.

Other recommended areas for further study are canal seepage rates, Rock Creek
irrigation application rates and better elevation estimates for well heads to provide refinement
of the measured water levels (perhaps obtainable with global positioning system equipment).
Each of these areas is considered lacking in investigation or detail and warrants further study.
With any of the recommended refinements, further effort at model calibration would be

required.



76

Conclusions

This study has provided a good start towards understanding the hydrology of the Twin
Falls area. The area is in transition with urban growth, increased water demands from both
the municipality and from industry, changes in land use and changes in irrigation practices.
The Twin Falls Steady State Ground-Water Model provides an exceilent planning tool for the
city. The model will enable estimation of impacts of expected changes and will assist the city
in future planning. Completion of the transient model will allow the city and others to vielvsr

how changes in water use affect aquifer water levels and discharge over time.
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Recharge Spreadsheet Description

The spreadsheet WLTERMSS XLS is provided for user generation of recharge for
different scenarios for the Twin Falfs Steady State Model. The spreadsheet is organized to
give the user control over variables such as land use, irrigation source and irrigation application
rates. The spreadsheef uses EXCEL macros to update ET and applied irrigation water based
on the user’s changes and to generate the new MODFLOW well file. The worksheets within
the spreadsheet are listed in Table Al and are discussed below.

Table Al. List of EXCEL Worksheets in Spreadsheet WLTERMSS.XLS.
*Denotes worksheets which are updated by the user.

Worksheet Name ‘Worksheet Description

Wellterm Summarizes data for each model celi

MacroStartData* User-input data for running ET/Irrigation Macro

IrrigationProfile* Row by column listing of irrigation water source

UrbanUse* Row by columa listing of percentage of urban use for each cell

SubUrbanUse* Row by column listing of percentage of suburban use for each
cell

AgricUse* Row by column listing of percentage of agricultural use for
each cell

RangeUse* Row by column listing of percentage of range use for each cell

Canal Seepage Row by column listing of canal seepage

Underflow Row by column listing of underflow

ACT-INACT Row by column listing of active cells vs. inactive cells

NetFlux Row by column listing of net flux in/out of each model cell

ETIrrigMacro Module containing macro for calculating ET and irrigation

ModflowWelifileMacro  Module containing macro for generating MODFLOW wetl file

InitData Initialization data required by macros

Constants List of constants used within spreadsheet

Each worksheet is discussed separately below. Three distinct worksheet formats were

- used. The Wellterm Worksheet, the InitData Worksheet and the Constants worksheet have



78

data in tabular format. The ETIrrigMacro Worksheet and the ModflowWellfileMacro
Worksheet are in the EXCEL macro module format. The balance of the worksheets are in
row/column format, with the data laid out spatially according to the model cells. In the
row/column format, the rows and columns are laid out the same way the model ceils are faid
out. A cell in the southwestern portion of the model will appear in the lower left hand comer
of the worksheet. This allows the user to visualize where the model cells are located spatially.
The fields of each worksheet and allowable input for fields which will be modified by the user

are described below,

Wellterm Worksheet

The Wellterm Worksheet is comprised of fields which describe each model cell
location, size, land use and flux components. The Wellterm Worksheet is not updated by the
user. Updates to other worksheets within the spreadsheet are used by EXCEL Macros to
recalculate the fields int the Wellterm Worksheet. Figure Al shows a sample of the Wellterm

Worksheet.

The Wellterm Worksheet contains one row for every cell of the model grid. Table A2
lists the fields which are contained in the Wellterm Worksheet columns. Each field will have a
value for each cell of the model. The Weliterm Worksheet serves as a tabular summary of all
relevant information about each model cell. It enables the user to look at the individual

components of flux for a particular model cell or group of cells, as well as other cell
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Field Name
Row

Column

Row Height
Column Width
Cell Area

Total Number of Acres

Township
Range

Section
ACTANACT
Irrigation Profile
Underflow
Urban Use
Suburban Use
Agricultural Use
Range Use
Irrigated Acres
Activity

Active Acres
Precipitation

ET

Canal Seepage
Applied Trrigation

Water
NetFiux

Units
Counter
Counter
Miles
Miles
Square Miles
Acres
Number
Number
Number
Al
Alpha Field
ft3/day
decimal
decimal
decimal
decimal
number
lor0
number
fi*/day
3 /day
ft*/day
ft*/day

ft*day
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Table A2. Field Descriptions for Wellterm Worksheet

Deseription

Row number of model cell, fixed value

Column number of model cell, fixed value

North-south dimension of model cell, fixed value

East-west dimension of model cell, fixed value

Total area of model cell, calculated from row height and column
width

Number of acres in modet cell, calculated from cell area and
constant ft*facre

Township number, fixed value

Range number, fixed value

Section number within township/range, fixed value

Indicator for whether model cell is active or Inactive, read from
ACT-INACT Worksheet

Indicates source of irrigation water—TF, SPRK, SR, RC, GW,
or NI (described below), read from IrrigationProfile Worksheet
Boundary underflow into model from outside model area, read
from Underflow Worksheet

Decimal indicator of proportion of cell which is urban, read
from UrbanUse Worksheet

Decimal indicator of proportion of cell which is suburban, read
from SubUrbantJse Worksheet

Decimal indicator of proportion of cell which is agricaltural,
read from AgricUse Worksheet

Decimal indicator of proportion of cell which is range, read
from RangeUse Worksheet

Number of irrigated acres in model cell, caleulated by
spreadsheet as Agricultural Use * Acres in Cetl

Integer representation of whether model cell is active (1) or
inactive (0), based on ACT-INACT indicator

Number of active acres in model cell{calculated as Activity *
Acres in Cell}

Average daily precipitation for model cell, calcnlated by
spreadsheet

Average daily ET for model cell, calculated by CalcETandIrig
Macro

Average daily canal seepage for model cell, read from
CanalSeepage Worksheet

Average daily imigation water applied in model cell, calcolated
by spreadsheet

Calculated by spreadsheet as sum of canal seepage, underflow,
precipitation and applied irrigation water minus ET.
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characteristics such as cell size, location or land use. The Wellterm Worksheet enables the
user to check the reasonableness of each flux term after data changes are made and prior to

generating the MODFLOW well file.

MacroStartData Worksheet
The MacroStartData Worksheet contains the user-input parameters which witl control
the recharge calculation. Figure A2 shows the data fields of the MacroStartData Worksheet.

The fields are described below:

Steady State or Transient Indicator. Indicator of whether the simulation is Steady State (S8)

or Transient (TR). Steady state is currently the only option available.

Starting Stress Period Number. A single integer which indicates the starting stress period for

which recharge will be calculated for a transient simulation. (Not currently used.)

Ending Stress Period Number. A single integer which indicates the ending stress period for

which recharge will be calculated for a transient simulation. (Not currently used.)

Qutput File Name. A seven character alphanumeric field which conforms to the DOS file
naming conventions, which is the name under which the MODFLOW well file will be saved.
The MODFLOW well file is saved with the user input name with a 1 at the end of the name
and with the .WEL extension. For example, if the user input name is TWSS, the MODFLOW
well file will be saved as TWSS1.WEL. In the case of a transient simulation with many stress
periods, several sequentially numbered MODFLOW well files will be generated which the user

must then concatenate.
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TFCC Application Rate. This is the annual application rate of water used by customers of the

TFCC for irrigation. It is expressed in feet of water per year.

TFCC Sprinkler Application Rate. This is the annual application rate of water used by

customers of the TFCC for sprinkler irrigation. It is expressed in feet of water per year.

SRCC Application Rate. This is the annua! application rate of water used by customers of the

Salmon River Canal Company. It is expressed in feet of water per year.

SRCC Efficiency Rate. This is a decimal used to describe the percentage of Salmon River
Canal Company-irrigated crops within the study area which are, on the average, irrigated.
Historical data for the past six years indicates that if an irrigation application rate identical to
that used for TFCC irrigation is assumed for the SRCC. In an average year, only forty-three
percent of the land within the SRCC tract is irrigated, due to a shortage of water. The input

decimal to reflect forty-three percent efficiency is .43.

Rock Creek Application Rate. This is the annual application rate of water used by irrigators

with water rights from Rock Creek. It is expressed in feet of water per year.
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Irrigation Profile Worksheet

The Irrigation Profile Worksheet is organized in the row/column format. Inactive cells
are grayed out in the worksheet. The worksheet organization allows for a spatial visualization
of the irrigator assignments (that is, irrigation assignments in the western part of the study area
appear on the left of the worksheet). The worksheet contains a code for each model cell
indicating the source of irrigation water for the cell. This worksheet is maintained by the user
and can be used to reflect changes in irrigation practices, such as conversion to sprinkler
irrigation or taking land out of irrigation. The codes which may be used by the user to reflect

sources of irrigation are:

TF TFCC Trrigation

SPRK TFCC Sprinkler Irrigation

SR Salmon River Canal Company Irrigation
RC  Rock Creek Irrigation

GW  Ground-water Irrigation

NI  Not irrigated.

The codes input by the user must be input exactly as shown and are case-sensitive.
Any cell containing a code which does not exactly match the codes as shown is assumed to be

not irrigated. Figure A3 contains a sample of the Irrigation Profile Worksheet.



Twin Falls Canal Company Floed Irdgaten

Spiinkier rgaton
Salmon River Cana) Company

Rock Creak Imigaton
Groundwatat [migation

Not Irrigated

SPRK
SR
RC
GW
]

T

Note, antiles must match
these optlons exactly,

Intluding case,
irrigation Profle by Cefl

AL

kh&&b&&h&kh&&&&&kb&bb&ﬁkbhktb#bb&b%%%

37

b&hk&kh&tbkb&&t&EEEEE&&EE&b#&kb&kbb%%%%%%

16

k&hb&hh&#&&hb&hb&bh&&&&&&&t&kb&hb%55%%%%%5%%%%

15

&h&&b&&bb&&kh&&&h&&&t&htb&hb&hk&h%%%%%%%%

14

h&&tﬁ&t&#tb&t&&t&&t&htb&h&&th&%%%%%%%%%%%%%%ii

13

&&h&&k&tb&hb&thhhb&t&&t&&h&&t%%%%%%%%%%%%%%%%i

12

h&tb&kb&b&&t&hk&&t&#k&hkt%&kh&%ﬁ%%%Et%%%%%%%%%%

b&&b&k&&t&&t&&&&b&&hkh&&b&&t&&%%%%%%%%ﬁ%%%%%%%%

10

&&t&h&kb&tb&bt#t&hk&b&hk&hb&tb%%%%%55%%%%%%%5%5

EEEE&&&&&&&&&&E&h&hbt%tkb&tb&hb%%%%%%%%%%%%%%ii

EEE&EE&Ehh&&&&btb&hb&hb&b&&t&&kh%%%%%%%iiiiiiiii
. Et&%&&b&#b&tﬁ&&&b&&&&b&&&hh&&b&tt%%%%%%Eiiziiiii
mﬁb&&b&h&b&&k&t&b&hb&b&hh&&&&t&hh&bb&t&%%iiiiiiiii
*b&bhﬁkﬁt&&&&E&b&&&h&&&&&t&%&&E&tb%b&&&&&iiiiiiii
ﬂkEh&kE#Ehk&Eb&&&k&h&&b&b&k&&&bh&&&&&b&b&&tiiiiﬁ

N&k&k&h&&&&&&&&hk&%&kk&t&&k&k&k&&bb#&h&k&&&hbi

Eb&&&hb%b&h&t&&k&&&&k&hb&kEk&&&&t&&kbhk&h

1

"‘Nﬂ‘d‘lﬂmh—ﬂ)mo""ﬁ
-

RowiCal

Figure A3. Irrigation Profile Workshest Sample.
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Urban Use Worksheet

SublUrban Use Worksheet

Agricultural Use Worksheet

Range Use Worksheet

These four worksheets are used together by the user to assign a land use profile fo
each model cell. The assignment of land use is used in the calculation of ET. By reassigning
land use percentages, the user is able to set up mode! simulations reflecting changes such as
agricultural land being turned into subdivisions or range land. Each worksheet is organized in
the row/column format with inactive cells grayed out. Each model cell is assigned a decimal
on cach of the first three worksheets representing the percentage of the celf area assigned to
urban, suburban and agricultural land nse. The spreadsheet is then re-calculated and the Range
Use is calculated as the bafance of the use. For example, a specific cell may be .2 Urban Use,
-3 SubUrban Use and .4 Agricultural Use. The user then re-calculates the spreadsheet and the
Range Use is assigned a value of .1 by the spreadsheet (1-(.2+.3+.4)). This ensures that the
total land use always sums to 1. After re-calculation, the user should check the calculated
Range Use values to establish that none of the Range Use values are less than zero. A Range
Use value less than zero would indicate that the Urban Use, Suburban Use and Agricultural Use
vatues sum to greater than I and need to be altered. A sample of the Agricultural Use
Worksheet is shown in Figure A4. The other three worksheets are identically formatted.

{Note, the CalcETandlrrig Macro reduces the agricultural use
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percentage by thirteen percent to allow for non-irrigated surfaces such as right of ways,
roads, houses, etc. The number input for Agricultural Use should be the total percentage of

land dedicated to agricultural use, without any such correction).

Canal Seepage Worksheet

The Canal Seepage Worksheet is similarly laid oat in the row/coluran format. Mode!
cells which contain the High Line and Low Line Canals are highlighted and contain the average
daily volume of water seeped from the canal into the ground water. The seepage is expressed
in cubic feet/day. Inactive cells are grayed out. It is not anticipated that the user will modify
the canal seepage data, however, if scenarios such as lined canals are to be simulated, the user
could modify canal seepage on this worksheet. Figure AS contains a sample of the Canal
Seepage Worksheet. In the reproduction of this worksheet, the highlighted cells containing

canals appear similar to the grayed out inactive cells.

Underflow Worksheet

The Underflow Worksheet is laid out in the row/column format with inactive cells
grayed out. Boundary cells which have underflow entering them from the Salmon River area,
the Murtaugh Lake area or from stream drainages from the South Hills have the average daily
volume of underflow in the corresponding cell on this worksheet. All other cells are zero.
The volume of underflow is expressed in cubic feet/day. It is not anticipated that the user will

modify this worksheet. Figure A6 contains a sample of the Underflow Worksheet.



‘o1duwieg jeoysitop o5edaeg [eue) "¢y andiyg

0 0 0 0 0 Q 0 a a 0 Q 0 0 0 Q o +] 0 =14
0 Q 0 0 0 1} Q 0 0 0 0 0 1] 0 L} [ 0 0 14
0 0 Q [ 0 a 0 Q a o o 1} 1} 0 Q 4 [} Q g
0 0 2 [ 0 0 1} 0 L} [ 0 0 a 0 4} [ o Q =4
1] 0 9 [ ¢} 0 0 0 4} [ +] '] 0 a 0 L 5 0 =
0 s} a 4 ¢ e} 1] 0 0 ¢ 0 o} 0 1} 0 a 0 0 w
1] 0 0 [ 1} 0 0 0 0 0 [t} o o 0 0 9 [} 0 >4
0 0 0 2 1§ 0 0 0 0 & [+ 0 0 1] 0 L} 0 0 o
1] 0 0 0 0 0 0 0 0 0 [ 0 0 1} EisZ 0 0 0 14
0 0 0 Q 0 b 0 0 0 ] 1] 0 0 0 L'G0BLET C'EESKIL 0 0 o
1] 0 0 0 o 0 0 0 0 ] 0 0 0 L'G0BLEZ g'86.8LL O 0 [ 6E
0 L9¥'ee08 0 0 0 o 0 0 0 a o [ [ eeres; 9'C0eEBl 0 0 [ gt
SR'BROLE LBEvLLL BE215Z) O 0 [H] 1} ] 1] 0 @ >} 0 £p098LL O Q 0 [ &
0 0 L2062 9 0 4 0 0 0 0 ju 1} FE'EOPRE B'GL698T 0 0 Q0 o o€
a o 520195k €1°28822 D [ 0 1] 0 0 2 4 SO%EP8l 0 1 0 0 0 ge
0 0 0 E9'ZOLBY GE'BGLEY O 0 0 a ] 0 a 29200l 0 0 0 0 Q be
0 0 [t} Q Fhigee 4 LPeLleT 0 1} Q a 0 87021 0 a 0 Q a £E
0 0 0 Q E6'48L00 SLEE99F 1L0SE0S B'06PEEL [6'BLPiB O Q 0 £4Z8ZE 0 0 0 0 0 23
PA'EOGBZ 8'98ZEE O 0 0 pZ'Legez 0 0 2E'IZIS5 9'90BLL EEZMPE O LiROirL 0 0 0 0 9 2
o SPEPOE 65'ST8ST 0 0 0 0 o] e} S2'1E0SS ©'OSPEIC THS'9LZR 98°PE0LL O 0 [t} 0 Q o
0 0 ceigly 0 0 Q [} 0 0 f'spiged TZvSLiL BOGEBRE O 4 0 a Y 9 BS
0 0 TEESLLE $2TLORR O 0 [} 0 "] 0 BalZezl erb0sl 0 13 0 o o Q -
[ 0 0 PO'LPSZE O a [ 0 o} 1} 0 o8kl 0 [ [ 0 Q 0 iz
0 0 0 21'g89ve 0 0 o 0 0 1} o Q Q 0 0 0 0 0 4
[} 0 0 FP'E580L L0'0ZERL BYLLISO SOTLGSEL O 0 0 0 0 Q 0 [*} 0 0 0 52
1} 0 1} 4] 1} 0 BLDEL0S ZE6VEDL S'OLSPE O 0 0 Q 0 o 0 0 0 ¥e
4 [} o 1} 1 0 [ £9'/€89y /£'89605 8'86910L O 0 0 0 4 0 o 0 >4
5 0 0 o 0 0 9 [ a 9'LEEL0L €E'Z218) D Q ] 14 0 0 1} z
o ¢} 0 0 0 0 0 1} 0 2} L'0e0Mpy si'ezies o 0 0 0 0 1} 1z
o [ 0 Q 0 1} Q 0 0 0 5'085202 vL'BSHS D CO'BOGEZ 'GSTL0L O 0 a 0z
L} [ 0 0 a 1] 0 0 0 0 0 §16622L 0 L'GEOREE O =} [} Q Bl
] 13 2} 0 0 1} 0 Q 9 0 0 €L'59E0L €'8.928  )'GESEEE 0 [ G 0 :13
0 o 0 0 0 1} 0 9 9 [} 0 SE'0LL¥S FO'EESER SL'pESSE 0 [ 4 o} F
Q 0 [} 0 0 a 0 0 0 4 0 LTESOM PLAPPES O 0 a 0 0 a
0 2 0 0 2} 0 0 0 0 ] [} 0 444228 0 0 2} 0 4] st
Q 2 0 o} [ o Q 0 0 a o 4 BA51e2 D 1} a 9 1} bl
0 0 a [ ¢ 0 a 0 o L} 1} [} FI'pETRL O 0 0 9 [ 3
0 0 0 o o [ 0 1} ] a 2 1§ 0 0 0 0 0 o 43
0 a a ¢ 0 s} 0 0 a 9 2 0 [ o Q 0 0 9 L
0 0 0 & 0 4 Q 0 0 0 ] 0 5 +] a 0 0 0 ol
0 0 0 0 0 o 0 a 1} 0 0 a9 o ¢} 0 1} 0 Q B
1] 0 0 a 2 Q 0 0 a 0 0 Q a o 0 1} 0 9 B
a 1] 0 Q Q a 4] 0 0 0 0 Q Q 0 0 9 a 0 L
0 0 0 Q Q a 0 0 0 0 0 a a [ 0 0 1} 0 [}
1] 0 0 0 0 9 [ 0 0 o 0 0 0 0 0 0 0 0 g
0 o 0 0 0 0 2 [} 0 0 1} 0 0 2 [ 0 0 o 4
2} Q 0 0 0 0 L) 4 =} 1} o 0 0 0 0 o Q 0 €
o] a 1] 0 0 0 ] [ [ 0 1} o] 0 Q [ 2} 0 a 4
0 0 a 0 [t} 0 a 1} 0 0 0 0 0 Q 0 0 0 0 3
8l i} ot Y ¥l Bl A 1 . & B 3 ] g 4 € [4 3 [l

sbedeag [BUED



E

i8s
§§sa§
389y
cd - e¥
8 8
m w
£ 7
2
2
=

Underflow Shoet

Underflow from Rock Cr.and Dry Creek 21000 AF spread as 14000 and 7000

Undetflow from Eaat—14400 AF spread over 10.5 miles

Underflow from SW--115000 AF apread over
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Figure A6. Underflow Worksheet Sample.
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ACT-INACT Worksheet

The ACT-INACT Worksheet indicates which cells are active model cells and which are
inactive. It is [aid out in a row/column format. “A” indicates an active model cell and “F”
indicates an inactive modef cell. It is not anticipated that the user will change this worksheet.

Figure A7 contains a sample of the ACT-INACT Worksheet.

NetFilux Worksheet

The NetFlux Worksheet is organized in the row/column format and is generated by
running the CalcETandlIrrig Macro. The user does not directly modify the NetFlux
Worksheet. After re-calculating ET and applied irrigation water, the CalcETandIrrig Macro
reads the flux values from the Wellterm field on the Wellterm Worksheet and writes them into
the appropriate cell on the NetFlux Worksheet. This worksheet is provided as a means of
checking the calculated pumping rates for reasonableness. Figure A8 contains a sample of the

NetFlux Worksheet.

ETirrig Macro Module

The ETIrrig Module contains the CalcETandIrrig Macro, which is run after the user
changes any of the simulation variables such as land use, irrigation source, or irrigation
application rates. The macro updates the spreadsheet with the new input data, recalculates ET
and Applied Irrigation Water, writes these values to the appropriate cells on the Wellterm

Worksheet, re-calculates the net flux for each cell, writes these values to the Wellterm field
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