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FOREWORD

The Water Resources Research Instirute has provided the admin-
istrative coordination for this study and organized the interaisciplinaxy
team that conducted the investigation. It is the Institute's policy to
make availgble the results of significant waier related research
conducted in Idaho's universities and colleges. The Institure neither
endorses nor rejects the findings of the authors. It does recommend
careful consideration of the accurnulated facts by those who are

assuredly going to continue to investigate this important field.
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ABSTRACT

A water management srudy on a 96, 000 acre irvigsted tract in easrern
Idaho was performed to deveiop techniques for regional waeter management
studies ard investigate alternatives for alleviating g high warer tsble
problem in the area. A compiete water budget including irrigsation diver -
sions, system iosses and wastes and crop consumptive use was determined.
On farm water management practices, crop and property demege was
determined. A finite difference digital aquifer model was developed ic
evaluate the response of the aquifer to changes in water managemens.

The model which accommodates any type of aquifer boundary incivdes an
automated calibration routine to adjust aquifer parameters vo fit hisrorical
water table elevations. This routine is especially usefui on aquifers with
limited hydrogeological data. Results indicate that canal seepage and
above average irrigetion applicarion rates are the main causes of the rise
of up to 40 feet in water tabies during the irrigation season. Alleviation
of the problem could be achieved with a 20% or greater reduction in

irrigation diversions or by lining of seiected reaches of cenals.
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INTRODUCTION

High water table problems occur annually during the irrigstion season
on the alluvial fan of the Snake River near the cities of Rigby and Ririe,

Idabo.

Problems such as water in basements and poteio celiars or ficoded
fields and corrals are prevalent. The cost to residents and businesses
due to the high water table is estimated to be in excess of $24, 000

annually.

Concern for the high water table problems experienced in the area
resulted in the formation within Jefferson County of a sub-water comriftee
to investigate possible causes and soluricns te the probiem. This research
study on water use was begun in the Righy-Ririe area of the upper Snake
River Basin in May, 1970, The sub-water commiitee and the Couniy
Commissioners of Jefferson County requested the study and were very
cooperative in formulating procedures for dara collecrion and in securing
field data. Meetings were held with the Jefferson County Commissioners
and the Great Feeder Cansl Board under whose jurisdiction a majority of
the irrigation water is delivered to the area. Good ccoperation has been
received from the local farmers in the area and from the governmen:

agencies involved.



OBJECTIVES

The problem of high groundw'ater tables and drainage that exists in the
Rigby-Ririe area is typical of other areas in the State of Idaho. Because
of the high rates of irrigation diversions to this area and the dense neiwork
of irrigation canals, this project afforded an excellent opportunity tc study
various aspects of regional water management in irrigation distributicn

sy stems.

Therefore, the objectives of this study were:

1) To develop techniques and procedures for analyzing regicnal water
management problems; and

2) To evaluate the effectiveness of alternative water management

programs on water table control.

It was evident early in the study that a general simulation model was
required to effectively evaluate the response of the groundwater system
to time and spatially variant inputs, Therefore the modeling effort was
directed toward the following objectives:

1) To develop a suitable mathematical model such that theoretical

soluticns can be obtained in the form of flow patterns for a general
two dimensional non-homogeneous groundwater basin with any

groundwater table configuration.



2) To develop a calibration routine, used conjunctiveiy with the

- model, that generates and changes parameter values whick are

3)

directly related to the frequently unknown geological properties

of the area so that it is possible to simulate histcrical seasonsl
water table changes of any year on record.

To investigate, using the calibrated model, the effects of alrernate
management solutions on the configuration of the warer rebie in
order to arrive at those managgement solutions rhat in effect will

alleviate the water table problems as they occur in rhe Snake

River Fan in eastern idaho.



STUDY AREA

The water management study area as shown in Figure 1 is iccated in
Jeffer son and Bonneville Counties in Townshkips 3, 4 and 5 N and Renges 37
through 40 E of the Boise Meridian. The area selected for study comprises
approximately 100, 500 acres. The City of Rigby is located approximately
in the center of the study area. This aree is an old aliuvial fen of the Snake
River and is served by an irrigation system developed in the late 1800's by
private and cooperative groups. The Great Feeder Canai which is &n cld
channel of the Snake River runs east and west through the ares and delivers
water to some 20 smaller canals,. each one operated by a separate and
independent canal companj/ or irrigation district. The maierial froem which

the irrigation canals are excavated is generally rocky and permezbie.

Climate

The Rigby-Ririe area of jefferson County lies in the ciimatological
area known as the Upper Snake River Plains with moderaiely warm summers
and severe winters. Temperatures average about 68° F. in July and 17° F.
in January. The growing season averages 123 days in duration and precipi-

tation averages 8.7 inches.

Soils
Agricultural soils of the Snake River Fan are decminated by medium

texture soils as found on fan and siream bottom lends. Approximate
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locations of the soil association in the study area are shown in Figure 2.
The A2 association comprises the better farm land and consists of silt and
clay loams of 40-60 inch depth underlain by sand and gravel. This soil is
moderately drained. The A3 association consists of the Bock and Banncck
loam series of 10-60 inch depth over sand and gravel. These are well

drained and contain up to 509 gravel in some areas.

The A4 association consists primarily of the Blackfoot-silt loam of
10-60 inch depth and a very shallow depth of 5-20 inch at some places.
The soil group O4 overlies the Lewisville Knolls and supports renge and

wildlife.

All A type soils are mainly Class II or III capability for irrigated

agriculture.

Crops

A crop survey conducted for this project indicates a disiribution as

follows:
Mixed Grains 31. 1%
Alfalfa Hay 38. 8%
Irrigared Pasture 20. 6%
Potatoes 8. 1%
Corn 0. 4%

Sugar Beets 1. 0%
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Irrigation Practices

Border irrigation is used extensively on grains, alfalfz and pasture.
Large stream sizes are prevalent with turnouts from the canais regulared
in many cases by individual farmers. A water management SUrvey wWas
made in 1971 in which 70 farms were selected at random from the study
area and personal interviews made with operators. Data on water use,
irrigation practices, crops, field and farm size, fertilizer use and other
farm operations were obtained. The area surveyed included 5, 454 acres

on 70 farms.

The average farm size of those interviewed was 87 acres; however,
no small (5-10 acre) farms were selected for interview. Estimeares by
University Cooperative Extension personnel indicate the average farm
size including the small \éc:reages may be near 40 or 30 acres. The
average field size for the 487 fields on which data were collected was 11
acres with an average irrigation run length of 57 rods (940 fr. ). ull-
time farmers comprised 629 of those interviewed while only 319 hire
extra help., Stock management is an important part of the operation on

049 of the farms. Border irrigation is used on 88% of the fields and

furrow irvigation on 11% of the ficlds.

Sixty~seven percent of the farms rotate the water supply with one
other individual with average discharge available at the farm of 6. 2 cfs.

Ninety percent of those responding indicated that water was not ponded
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on their fields or on nearby fields, yet 74% indicated that all of the
applied irrigation water was retained con their fields with no runoff to
drains or adjacent lands. These resuits corroborate field surveys which
show a lack cof natural surface dreinage because of land leveling.
Twenty-two percent of those respending indicared land demsge had

occurred due to high water tabie probiems in the area.

Field evaluations of irrigation practices were conducted on both
border and furrow systems. The furrow systems were all on pctato
fields while the border systems evaluated were cropped to alfaifa,
grain and permanent pasture. Furrow irrigation of potatoes wes fourd
to be about 50% efficient if the wkeei cocmpacted row was used
Irrigation of the non-compected row resulted in larger amounts of
water being applied. Border irrigation dats show thet an arerage of
about iS5 inches per acre is being applied per irrigation wkere the

irrigation requirement is only 4 tc 5 inches.

Most of the low irrigation efficiencies feund in this situdy result
from run lengths too long for the high intake soils fcund in rthis area.
Some also result from use of longer sers at night, varying lengths of
run, poor leveling, etc.. Although, crep yields do not appear G be
greatly reduced by the overirrigation, the excess application contribures

to the high water table problem. The icng runs are used because they
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are more efficient tc farm and beceause trained labor for irrigaring is

difficult to cbtain.

All of the irrigated lands in the study area are served frcm rthe

m

Snake River withh water rights dating as early as June, 1880. The
majority of the area is served by irrigation canals diveriing from the
Great Feeder Canal which serves as a bypass for the Snake River mein
stream and generally runs continuaily. Management of deliveries o
the smaller independent canals is the responsibility of & cooperative

group called the Great Feeder Board.

Canal diversions tc the area are recorded in the repcerie of the
watermaster for Water District i (formerly District 36) of the State
of Idaho commencing in 1919 through the present. Diversion records
are maintained for the period of May ist to September 30, althcugh on

many canals diversions continte into November but are not recorded

on District 1 records,



DATA COLLECTION

Geology

Available well logs from the Idahe Department of Water Administration
and local residents indicate that the gravel aquifer is extensive over the fan.
However, very few of the domestic wells for which logs are avaiiabie are
greater than 100 feer deep so that the depth of graveis is not discernible

over the entire fan.

One exploratory well, cne and one-haif miles northwest of Rigby is
1008 feet deep and indicates a 300 foot depth of gravel underiain by 170
feet of clay above basalt. Basalt is encountered at shailow depths souih
of Ririe and fingers of basait extendweastward from the l.ewisviiie Knolls

on the western edge of the area into the gravels.

Water balance computations together with some evidence of the exis-
tence of interspersing clay layers indicate that an important percentage of
the total water diversions leaves the area via leakage to the regional
groundwater tabie of the Snake River Plain (6). The location and the
magnitude of this icakage is unknown. From the availabie geclogical
information oniy an estimste can be made of the values of the geohydre-
logical parameters such as hydraulic conductivity, storage coefficient,

impedance and head difference of a leaky aquifer system. A resistivity
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study was made in 1971 to assist in estimating the depth cf gravei and

approximate locations of clay lenses.

Groundwater Table Elevations

A network of some 40 weils in the arca was used to monitor changes
in the groundwater table throughout the study. Figure 3 shows the loca-
tions of wells and well points messured in the network, Water table
elevation contours were interpreted from these well recordings at three
selected times in 1972-1973 for use in calibration of the simulation modei.

Figure 4 shows the historical water table contours for August 30, 1972,

In the vicinity of Rigby the water table rises as much as 40 feet from
the beginning of irrigation in May to August. Maximum groundwater
table elevaticns occur in August and associated problems are prevalent
during August and dSeptember. Figure 5 shows the depth to the water table
on August 30, 1972, as computed from the groundwarer contours. ''he
area north and west of Rigby as indicated in the figure had depths of water
of five feet or less during July, August and September of 1972. The area
around the City of Ririe is a iocal groundwater mound with depth t¢ water

of 10 feet and lege.

Surface Water Diversions
[rrigation diversions for the major canals in the study ares for the

May 1 - September 30 period are recorded in the reports of Water District 1.
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These measurements axe performed by District i and U. S. Geoidgical
Survey personnel. During the 1972 seascn meastrements were extended
by the University and ARS persennel past the normai Seprember 30 cuioff

date through Novernber 30 or until sil canais had been shus dewn for the

winter. Return fiows to the Snake River ar the Burgess Canal spill, Long

Island Slough and Great Feeder were measured through the season, Warer
ieaving the study area to rhe north by spring flow was measured weekiy o

bi~-weekly by currenr metering or rared sections. Warer transperted ourn
of the area to the scuth in the Anderson, Farmers Friend and Harrison
Canale was meastred convinuousiy with water stage reccrders at rated

sSections.

Figure 6 shiowg the three yvear running average cf the published May -
September diversions per acre from the Snake River for canals serving
about 84, 000 acres of the Snake River Fan., May-Sepiember diversions
and irrigated acres arce pubiished i reportsg of the watermasrer for Water
District i, An increasing trend can be observed with the recorded :972

May-Seprember diversions approaching 3. 1 acre feet per acre,

The seesonal distribution of total diversion and outflows for 1971
and 1972 is shown in Figure 7. The total canal diversionsg inciude all

3

canals with service areas totally or parrialiy included in the study area

Outflows incivde return fiow to the Snake River and canzl flows cou of the
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study area. Cilearliy noticeabie is the decreagse in diversion arvourd Pioneer
Dayse, June 24, wrich ig & huiiday n “he study arca. Figures § and 9 show
the secsonal distriburion of the diversions end return flows for the Burgess
Cengl system and the parks and Lewisviile Canel system respectively. The
net diversion is calculated as tre measured diversion at the caenal head
gares minus &il surface wasties, T he distribution of diversions for the 1972
operating season i1s shown in Tsabie 1.

The toisl diversicon for May-Novermber, 1972, for the 82, 250 irrigated
acres in the study area was 17. 0 zcre feet per irrvigeted acre of wiich 11, 69

was diverted after September 30,

Canal Seepage Logses

The main canals of the systems have a total water suriace area of 717
acres or slightly less than 19 of the irrigated area. Wefted areas were
determined from large scale aerial photos, Seepage tests were made in
20 iccarions in the iate summer and fail of 1970 and in 16 locations in the
eariy spring of 1971. irh an estimated accuracy of measurement beswesn
5% and 109,seepage measurements averaged 3, 50 fi/day. This seepage
rate applied t¢ ell main canals in the system amounts to 501, 500 acre feer

cver a 200 day season or 33% of the gross diversion.
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Tabie 1

WATER MANAGEMENT STUDY - JEFFERSON COUNT™Y

Irrigated Area = 82, 250 acres R972
Diversion™ 1,517, 000 af

Outflow ** 384, 600 af

Net Diversion 1,132, 400 af 13. 8 af/a
Transmissicn Loss 501, 500 af 6. 1 af/a
Net Application 630, 900 af 7.7 af/s
Evapotranspiration 164, 500 sf 2.0at/a

Deep Percclaiion 466, 400 af 5.7 af /&

*Total diversion includes all canals diverting from the Sneke River which
irrigate or sre used to transport water througih tne stucdy eree except the
Eagle Rock Canal,

#*QOurflow includes water transporied tc iands south of the study area by the
Anderson, Farmers Friend, and socvth branch of rhe Harriscen Canal.

The Great Feeder Carsl which has not been accounted for in the above
calculation has a wetted ares of 311. 6 acres or 31. 5% of the total wetted
area of canals. During the latter part of the irrigation seascn the Great
Feeder is a gaining stream and acte like a drain in the western part of
the aquifer so that the effective seepage rate over the toral tength is iess
than the aversge for the area. With a seepage vate ¢f i {v/dsy the yearly

seepage of the Greatr Feeder adds 1.3, 800 scre feet to the aquifer.
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Snake River Losses

Recognizing that losses in the Snake River as it flows cver the fan can
contribute to the groundwater table rise, an attempt was made ro evsliate
these losses. Stearns (1) in 1938 reported an average loss of 288 cfs in
the Heise-Lorenzo reach. Current meter measuremencs ¢f discharge
were obtained three times in 1970 which indicated an average less of 408
cfs. Based on 408 cfs for a 200 day sea.séno losses from tke Snake River

account for 163, 200 acre feet of water added to the aquifer.

The Snake River loss represents 219 of the 778, 500 acre feet of warer
added to the aquifer by seepage from irrigation canals, the Great Feeder,
and the Snake River but represents only 139 of the total inpur of i, 244, 900

acre feet added to the aquifer over the irrigation season.

Evapotranspiration

Crep evapotranspiration for the 1972 season was caiculated using the
Penman conbination equation (2) with crop coefficients based on the measured
crop distribution. Differences in crop distribution throuvghaout the ares were
not significant. The tctal evapotranspiration for the seascn was 2. 0 acre

feet per acre or 164, 500 acre feer for the study area.



SYSTEM SIMUL ATION

In order to efficiently derermine and evaluate the alternziive sciutions

for relieving tte high groundwater tabie, a method of predicring the response

necessary.

Analytical soiutions to the basic flow equations ar< not appiicabie
because of a high degres of simplification needed ¢ secure a solution for

the complex hydrogeciogic system wirh varying boundary conditicns,

Anslog medeis of rhe resistance -capacivance type are epplicable
although consrruction of an analeg for & specific equifer i1s costly and the
size and flexibility required for this study weould be difficult to achieve,
With an analog meaodel it is not possibie, cother than on a trial and error
basis, to calibrate the meodel tc simulate historical trends. The rrial
and error calibration is cumbexsome if not impossible so it would be
necessary 7o incorporate some hybrid computer technique to achieve a

reasonable calibration.

The availability of large digital computers and new finite difference
techniques for solving the flow equaticns msake a digital model most feas-
ibie since all objectives can be me* on the same facility and she medel

designed can be general enough to be applied to other aquifers.
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The model designed is a mathematical digital model that incorporates
a procedure for automatic parameter adjustment so that it is possibie to
simulate historical water table response of any year on reccrd. Historical
water level data show that the seasonal rise of the groundwater tebie is a
repetitive cycle of which the yearly ampiitude is neariy constant so that
selection of any particular year or years for calibration is immaterial.

For the study area the year May 1, 1972, - April 30, 1973, wss
chosen for calibration since for this year more reliabie data was collected
to verify the simulation. With a calibrated model it was then possibie to

study the effects of change in water management on the groundwarer flow,

Model Description

The mathematicai model developed is a finite difference digitel model
and, like models of Bredehoeft and Pinder (3), it is based on the aiternating
direction implicit method as introduced by Peaceman and Rschford (4) and

Douglas and Rachford (5) and calculates head values on a gridpoint basis.

The two dimensional model accommodates non-homcecgenecus, confined
and unconfined, ieaky and non-ieaky aquifers. All boundary conditions
normally encountered can be handled such as constant head boundaries,
impermeable boundaries, and boundaries formed by lakes and streams in
which the water level changes in time. A new procedure for trestment of

flow boundary through which flow is variable and a functicon of the
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"upgradient' flow regime has been developed. An option for simulating an

time when the water table around the drain is higher than the specitied water

level in the drain.

Leakage from or to an underlying or overlying water bearing formaricn
is dependent on the hydraulic head :n the aquifer and is generared in “he
model program. It is eéssumed that the head in the edjacent fermaiion is

constant during the simulation period.

Inputs or outptits not dependent on the hyvdraulic head inciude precipi-
tation, irrigation application, crop evapotranspiration, weil discherges or
recharges, constant leakage if preésent, inputs or outputs due to change of
average water centent of the soil profiie above the warer tabie and canal
secpage (6). Canal seepage is dependert on the water table levels and can
be calculated in the model programi as such, Calculation procedures by
other authors (7) (8) (9) assume unsaturated flow beneath the canal; how-
ever, dara cn unsaruraied vertical hydraulic conductivity is gencraily
lacking, Becsuse the canal opersiing procedures for this study avea

g assumed o

ol

result in nearly constant wetted canal perimeters, seepage

be constant as measured in the field,
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Irrigation applications on the msny different irrigation districts and
the geology vary substantially so that tre maximum amplitude of the water
table rise varies from 5 to 50 feet and cccurs at different times at each
node point. Therefore it was considered necessary to approximate as

accurately as possible input for each node at each time step.

Data on climete, soils, crop distributicn, irrigaticn diversions and
distribution losses are usilized in a separate input program to calculate a
three dimensional source term which sexves as input to the main program.
The main program is genersl enough to be applied to any aquifer. The
separate input program allows greater flexib:lity in evalusting inputs
because it can be tailored to the specitic characteristics of an aquifer
without changing the main program. 7The alierarion of an input routine
that is incorporated directly inso the model progrem msany iimes jecpar-

dizes the operaticn of the model preogram.

The differentiel equation govern.ng the nonsteady flow in an €iastic
non-homogeneous porous meditm can be writteén &s

o “h . 1 [ ah o
% \

S —+ + W, oo .
] b(l, ja t) Gt (19 Js L) (1>

K; . is hydraulic conductivity tensor (L./T)
h is hydraulic head (1.)

8 is the storage coefficient (dimensionless)
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b is the depth of aquifer (L)

W  is the volume flux per unit area (L./T).

If the coordinate axes are aligned with the principal directions cf the

rhe finire difference

conductivity tensor and with T = K(x ¥) b

(%, y) (x,y,ty

approximations to equation (!) can be wriiten &s

h, ., . [ b h o
Cirbk - L3k o Tyy iei72,7 Lanb K 2 53, K)

(4 %)2 (2 x)2

T

xx i+1/2,]
(2)
(hla j“l.« k- hi9 ja k_)

M- ) LT
(s 5)°

(8y)*

+ Tyy i,j+l/2

— s s /b b, . 1 Q. . . Kv. . 5. : ) _
= Bsj (Lpk= Lpkd)  THLEK . B8] (@Hg 4= b o0 o0 5 ed)

A s ' ;AT g .o
r AXA} At ZBL,J

where 1 is the index in the x dimension.
j isthe index in the y diménsion.

Kv is the verrtical hydraulic conductivity of the restricting
layer (L/T).

B is the thickness of the restricting layer (i.).

Kv the impedance of the restricting layer separaring the
B aquifers (L/T).

Hc is the hydraulic head of the underlying or overlying aquifer.

" _ ”
Qi, j, k is the input term (I.°), in cubic feet for every node point
at every {imestep.



Above equarion implies an implicit methed of solution. Since an
implicit solution for large grid systems requires a considerable amount of
computation time, the aliernating direction impiicit method (4), (5) is
preferable since it results in a system of equations with & tyidisgonal

coefficient matrix for which a simple alogerithm exists,

Essentially the principie is to employ twe difference equations which

are used in turn over successive type steps, each of duration 4 r/Z.

The first equation is implicit only in the x-directicn end solves row
by row for intermediate values of h; ] ar t = k+i/2 which are used in the
gecond equsticn, ‘mplicit in y-direction soiving now column by column,
leading to the solution of hL i, ket at the end of the whole time intervaia t.

Equation (2) for a row caiculation in the aiternating divection implicirt

method with coefficients A, B, C and D substiruted for ail known value yieids
- i 4 4= 15 = )
Abj.g ktiz2 TOBhy i Chirg) i, 1k /2 D (3)
The hydraulic head is caiculated in a system of tridiagonal equations

similar to equaticn (3) In which the boundsry eauations have enly (twe

unknowns.
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Boundary Conditicns

Boundary conditions and interior and exierior nodes are dencted in the
program by specific numbers in input arrays. According e the number
associated with a node point the coefficients A, B, C and D of eauation (3)
are calculated. This method allows fcr recognizing ail boundary con-
ditions described above and by changing the node designation during a
simulation period, boundaries change accordingiy. This is particulariy
helpful in the simulation of a surface drain in the study area, since a
drain requires different treatment according to the calculated water table

levels at the drain site.

When flow across a boundary occtrs, the head ar the boundary changes
and some function defiving the head at the boundary becomes necessary.
In calculating the hydraulic head by cutring off the aquifer st boundary nede,
(ib, j), three unknowns rernain in equation (3) since norhing is known zbcur
node point (ib-1, j) (Figure 10). To eiiminate one unknowr, hih ., g, k+i/2
is expressed in terms of hibf, j, ket /2 and h_—ib-H_, i, ki) veing hydraulic
head values calculated in the previous timestep. If the change in hydraulic
head per timestep is nct abrupt in the vicinity of the ficw bouvndary, i

follows that as & first approximarion,

o i o1

32 B2
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o 1 and a2 are the average gradients of the weier table in the previous

half time step (k)

- h., . .-h
Y 0. Z 1 . e :
then: B2 = f_i_ Bl — = ”rb’ -k 1?1;‘4 LK
o a1 “ib+i,j, k ib,j. k
(4)
i - B2 AX
and Mib-1, jokti/2 = hibﬂ j. k+i/2 ) or

Bip-1, §, kti/2 = Pib, j, ki /2 —0—]7 Bibt, , k2 b, 1, ki /2)
(6 3 |
Substituting expression (4) in equarion (3) yields a boundary equation with

two unknowrns

B' Ny j xri/2 T C Bipti, g, k2 T D ()

The equation now calcuiates for © = k+i/2, head values for nodes

ib, ib+ 1, ib+ 2,

As a second approximation, hip i i, ki /2 can be calculated using rhe node
points ib, ib+i, ib+2 with a quadratic function. This second approximerion
is used for the next timesreps. When highiv unsteady state conditions exist
at the flow boundeary as a resuit of incorrect values of hydrogeological

paramerers T and S, the computation becomes unstable,

Therefore a check of the (g3/q 1) ratio is introduced as weil as vpper
and lower limits for the head differences between succeeding node points
used in this approximation. Testing of the procedure led to very satisfac-

tory results (6).
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Instead of approximating h., k+1/2 with the ratio metrcd, ir may

HA P
be approximared by solving eguaticn () for node ib-1, j using forward or
backward difference techniques. Since this method is partiy explicit,

stability may be a problem and is being investigated.

For management purposes the cption of inciuding a surface drain was
incorporated in the model. The asuwumption is made that the drain is
installed in the most efficient way so rhai the rising water table will inter -
sect the drain over the whole lengrh a2 approximately the same time. The
drain operates as a constan” head any time that the average wazer table
elevation in the immediate area is equal to or greaier than the stipulated

elevation of the drsin.

Boundaries for Snake River Fan

Figure 11 1s & map cf the study area with 4 cne mile square grid
imposed. The Snake River serves as a boundary with a variable warer
level adjusred according to the river management, and the sourheast pari of
the aquifer is bounded by z mountaincus area which serves as an imperme-

sble boundery,

In the southwest corner the gravel aquifer connects with the deep ground-
water table of the Snake River Plain basaits. The gredient is steep and
generally in a southwest direction. Thre boundary is composed cf iwao types:
(1) an artificial no-flow boundary whick pareitels rthe direction ¢f ficw and

(2) the flow boundary which terminates the southeasr portion of rhe study area.
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Calibration Routine

The dara for the study area is composed of inputs asscciated with water
managemeni which are calculared in the input program, and dsta relared to
the geohydrological properties of the aquifer such as the hydraulic conduc-
tivity, storage coefficients, and aquifer bettom elevations, the impedance
of the restricting iayer, the initial head difference beiween aquifers and

the initial water table values.

Historical records are availabie from a nerwork of wells; however,
information about the geohydrological parameters is exiremely scarce.
In applying the model an initial estimate for the paramerers was made.
Warer balance computations indicared that a major proporticn of the roral
water transfer is drawn from this area by leakage inic rhe regicnal wsier

table.

Investigarion ot the effects of management changes on aquifcr behavior
is only possibie if the model is able to simulate the historical behavior of
the aquifer., Where geological dara is scarce, sdjustment of aquifer para-
meters to achieve simulaticn cf historical behavior ie difficult without a

systematic calibrstion rourine,

The calibrarion rourine developed for this medel changes aquifer pars-
meters based on differences in calculared and historical water teble eleva-
tions at selected timesteps. Because of the seasonal resporise of this

aquifer, water levels ar three timesteps were chosen for comparison: the
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maximum, an intermediste stage and the minimum &t the end of the yearly
cycle. Figure 12 shows the aquifer response for the jay Clark well near
Rigby. At each selected timestep for every node point the deviations from
historical water rable €ievarions are caiculated as well as the sum of

squares of the deviarions over the entire aquifer.

Four parameters were considered for change: conducrivity. storage
coefficient, impedance, and initial head difference. Parameier values are
changed according to the magnitude of the deviations at one of rhe selected
timesteps. In this area with a high water table probiem best fif priority
was given to the maximum water table elevation, which accurs approxi-

mately August 30,

The selected period for calibration of the model was May 1, 1972, to
May 1, 1973. The deviations from historic values for rhe three selected
timesteps are stored for every nede. Conductivity values are changed
based on deviations from the maximum historical water table. The new
values of conductivity are calculated for every node point by the relation-
ship:

- K ' node point deviation

Enew ™ Ry + Rgla L P00 o a0 -
maximum deviation in the dOLiLfc'[

Conductivity values are adjusted in four simulation runs and the
routine selects that set of conductivity values that resulred in the minimum

ovorall sums of squares for all three timesteps
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The routine then changes the conductivity vaiues back to rhe original
starting values and a second parameter is adjusted similer.y in four s:muia-
tion runs. The remaining two parameters are adjusted in the same manner.,
At the termination of the first calibration these 16 simulation runs resuir
in a set of data cards that gives the leas: overall sum of squares of devia-

tions over the three timesteps for each paramerer.

The initial data set of these parameters is replaced by rhe result of the
first calibration and a second calibration is made. This procedure is

followed until no decrease in total sum of squares is observed.

An example of the results of the calibration is given in Figure 13 which
is a microfilm piot showing the deviations for four cslibrations of the
impedance facror at a particular nede point, Deviations calcuisted from
measured head values at four timesteps are plotied. The first timestep
represents the start of the éimulation (May 1, 1972); the gecond timestep
is the timestep st which the maximum warter table rise occurs (August 30);
the third timestep (October 30) is an intermediate stage; whiie the fourth
timestep represents the completion of the yearly cycle (May i, i973). The
total sum of squares of the deviations is calculated for the second, third,
and fourth timesteps. The groups of numbers (1, 2, 3, 4) represent the

deviations from measured values as a result of runs with successive para-

meter values.
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A point by point calibration resuits in a very satisfactory fit. Even
though the parameiers are changed according to the fit at the second time -
step, the deviations at other timesteps aiso decrease. Graphs of the four
calibrations for the other paramerers (conducrivity, storage coefficienr,
head difference) shiow similar resuits. The four cslibraiion runs showed
that the third and fourth parameter (impedance and initial head difference
of leaky aquifer) were most sensitive to change while the conduciivily
values were least sensitive. A change of conductivity values based on
average hydraulic gradient compared to historic gradient instead of change
based on head comparison is ncw incorporated in the model and gives

reater sensitivity to changes in conductiviiy.
g y g y

From the last calibretion rur ¢n the Snake River Fan aquifer the finai
sum of squares of deviations resuited in an aversge deviation fror histor -
ical values of i. 25 ft. for the second rimestep (Avgust 30); 3. 2 ft. for the
third timestep (October 30); and 4. 4 ft. for the fourth timestep (April 30,
1973). Since the maximum rise of the groundwater tabie in the aquifer
varies from 20 to 50 ft. except near the Snake River, this resull is satis-

factory.

Figure 12 siiows the historical well hydrograph and the simulated water
table elevations saftexr final calibration for the year 1972 of rthe Jay Cierk
well located in the study area. Figure i2 also shows the close simulation

of the historical water table representative for the matching of the historical
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water table over the whole area and forms a reliable basis for evaluating
management decisions. Figures 14 and 15 are the microfilm plots of the
simulated minimum and maximum water table elevations which occur about

April 30 and August 30 respectively.

Inptt Program
The input term Q(i, j, k) which is calculated in the inpui program for
every node point (i, j) at every half timestep (k) can be wriiten as follows:
Q(i, j, k) = QI(i, j, k) - QS(i, j, k) = PE (i, §, k) + E (i, j, k) + AMO (i, j. k)

+ PUM (i, j, k) = QCL (i, j)

where
QI = input due to irrigsation ar each node during time increment
(k-1) to k.
QS = inpur due 7o canal seepage at each node for time incrernent
(k-1i) to k.
PE = precipiration
E = crop evspotranspiration

AMO = change of average water content in soil profile above the
water table.

PUM = output or input due to a pumped well or recharge well ar node
i, ] for time increment (k1) to k.

QCL

input or output dve to & ieaky aquifer (constant in tirne).

The specific methods to calcuiate these inputs are ottlined in
de Sonneville (6). For the calibration of the gechydrological paramecers

the year from May 1, 1972, to May 1, 1973, wss used, and inpuis were
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generated for weekly half timesteps from May 1 to December 11 which is
the irrigation season. From December 11 to May i which is the winter

season inputs were calculated for two week half timesteps.

The start of simulazion was chosen at May 1 since this date represents
the low point of the recession curve of the water table before the water
levels rise again as a result of irrigation diversions. Diversions take place
until at least November 25 or later, so the irrigation season in the model is
extended to December il. From December 11 to May 1 no irrigation takes
place and the evspotranspiration is considered negligible. Table 2 shows

the two seasons for a year simulation.
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TIME TABLE OF THE TWO SEASONS FOR COMPUTER MODEIL

Half timestep No:

Start May

June

July

Aug.

Sept.

1
8
15
22

29

17
24

31

14
21

28

13
14
15
16
17
18

19

Table 2

Sept.

Oct.

Nov.

Dec.

18

25

16
23

30

i3
20

27

20

21

22

23

24

Jan.

Feb.

Mar.

Apr.

22

29

12
19

26

37

38

39

40

43

42

43



RESPONSE TO WATER MANAGEMENT CHANGES

The data for the input program was changed accordingly for every
management alternative. Inputs are the final calibrated values of the hydro-
geological parameters, the initial head values of May 1, 1972, and rhe

magnetic input tape which is different for every management alternative.

With these inputs the management model calculates new head values
for all timesteps in the yearly cycle and prints out the deviarions of the
management-calculated water table elevatrions from the 1972 water table

elevations for three selected timesteps for every node point,

The deviations calculated from historical head values for the three
selected timesteps are transferred to a subroutine that generates a contour
plot of the deviations on microfilm. The selection of specific reasonable
management. alternatives was made by the University and the ARS utilizing

information about the study area and the suggesticns of the loczl people.

Alternative 1 - Two foot reduction of Snake River Water Leveis

The survey questionnaire of local residents indicared that ihe pessible
cause of the groundwater table problem was the high water level cf the
Snake River. This suggestion was investigated by modeling the Snake River
at a level two feet lower than the 1972 actual level at all points of the river

during the total yearly cycle.
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The mcdei run shows a lowering of the maximum water table of about
one foot at one m:ie distance from the river and gbout 0. 5 foor at two miles
distance from the river. A contour plot of deviations from historicai
maximum water tebie elevations is shown in Figure 16. Excepr for an
influence strip paraliel to the Snake River, the calculated maximum weater

table equals tne historical maximum water table.

Alternative 2 -~ Lining of ali Canale

The dense network of irrigation canals constructed in coarse gravels
amount to 717 acres of canal with an average seepage rate of 3. 5 ft/day.

Seepage amounts ¢ 503, 500 acre feet or 6. 1 acre feet per acre cver the

area and is a majcr contributing factor te the high water table preblem.

This alternarive inveives the lining of canals of it irrigaticn districis
in the Snske River Fan to determine the relative contributicn of censi
seepage to the water table rise in the squifer. A considersble lowering
of the meximum water table over the entire area as compered to the his-
torical meximum cccurs, Three to four foot decreases occur in the eres
north of the Greet Feeder Cenal. In the vicinity of Rigby the water tabie
is 10-15 feet lower and near Ririe about 12 feet. Figure 17 is a contour
plot of devistions from historical meximum weter tebles end shews clearly
the overail lcwering due to the lining cf canegls. Where the groundwatec
table of the study zrea connects wiith the regional groundwater tebie of the

Snake Plain aquifer, the weter tabie :g 7 feet iower. Figure 8 is &
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contour plot of deviations from the minimum historical waier tabie at the
end of the simulaticn before the srart of the new irrigation season. The
calculated water teble is lower than the minimum historicsl water table.
The elimination of seepage represents a 33% reduciion of the total diver-
sions to the area. Because cof this lerge reducrion there is less recharge
to the groundwater tabie and the warer levels ar the end of the simulation
follow part of & recession curve iower than the historical recession curve
before rising again as a result of the irrigation in the next season. This
lower minimum wat€r rable infiuences the maximum wster table of the

next year and is investigated in mansgement alternatives 11 and 13.

Alternative 3 - Lining of Canals near Ririe

The area arcund the Cily of Ririe has a high water table problem,

partiaily caused by the seepage of a dense network of irrigaticn canzls

that originare from the Snake River. To achieve iccal relief of ihe high
water teble &t Ririe, a scolution msy be the lining of sil canals near the
city; these are rhe carals in the sections 32 through 36 of T 4N, R 40E

and secrions 1, 2, 5 of T 3N, R 40E.

This alternative resuits in a calculated water tabie that is 10 feex
lower than the histcrical max:mum at the lccarion of Ririe while the
influence of the canci lining stretches out about three miles in any direc -

tion. Figure 19 represents a contour piot of deviations from ristoricel
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maximum water rable elevaticns. As can be seen the maximum weier table

elsewhere in the study area is not affected by this management aliernative.

Alternative 4 - Nine, 10 cfs wells near Rigby

The Lewisviile-Rigby ares is the primary area where the water tebie
rises to within a few feet of rhe land surface catsing probiems to the
residents. Tc achieve locel relief several suggestions were made. One
way to take excess water out of the system. is to introduce & seri€s of
relief wells located on a straight line running west to east one mile north
of Rigby. For this alternative 9 wells pumping 10 cfs each are located in
Sections 12 of T 4N, R 37E, Sections 7-12 of T 4N, R 37E, and Sections

7 and 8 of T 4N, R 39E respectively.

In the immediate viciniry cf the wells the maximum waier table 1s
effectively iocwered between 5 and 7 feet. Af on¢ miie distance from the
wells the water table is epproximately 2.7 feet lower. No appreciable
decline is observed in the arez more than three miles away from: the
wells, Figure 20 is s contour plot of deviations frem the historical maxi-
mum water tsble elevaricns, This slternzrive resuirs in a 2. 3 feet lower -

ing of the maximum water tabie in the City of Rigby.
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Figure 20 Nine 10 Cfs Wells East—West Of Rigby — Alternative 4



Alternatives 5 and 6 - Twenty and forty cfs wells near Rigby

Every year in the middle of thi irrigation seascn & gravel pit situated
1 mile west of Rigby is filled by the rvising groundwater tabie. To relieve
the high water table problem in the City of Rigby, a 5 cfs capacity pump
was installed at the site of the gravel pit. However, with this capacity no
noticeable lowering of the water table in the gravel pit could be achicved.
In order to deterraine the required capacities sufficient to obtgin & noticeabie
drawdown, two eltérnarives were run irivoiving the intreduction of & 20 cfs

and 40 cfs drairage well respectivey.

The model run with the 20 cfs weil shows an effective iowering of rhe
water table of 7 fr. below the historical water table in the immediate
vicinity of the well. One miie away from the weil (Rigby) the ware~ table
is oniy 2 ft. lower than the histcricel maximum. A 40 ofs well lowers the
water table effecrively 14 feet beiow the historical maximum water table in
the immediare vicinity of the well and 4 feet a* the center of Rigby. These
two runs confirm the addizivity of the computed well drawdowns. Figure
21 is a contour piot of deviations from the historical maximum warer table

for the 40 cfs capacity well,

Alternative 7 - Four 10 cfs wells northeast of Rigby

Anorher posgibie method of lowering the water table at Righy was

considered which involves the installaticn of four drainasge weils of 10 cfs
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Figure 21. 40 Cfs Well Near Rigby — Alternative 6
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capacity each located north and east of Rigby in the sections 7, 8, 17 an

20 of T 4N, R 39E.

Compared to the historical maximum water tabie, the water table ar
the well sites is effectively lower 5 feet. In Rigby the decreese is 3 feet.
A contour plot of devietions from histcrical maximum water table eleva-
tions is shown in Figure 22, Excep: for the area srcund the City of Rigby
the maximum water table elsewhere is not affected by this management

alternative.

Alternative 8 - Lining the main stem of Burgess Canal

The Burgess Canal is a major irrigation canal that has its course
through a large part of the area with high water table problems. Local
residents think that the seepage from the Burgess Canal might be causing
the water table prcbiems. In fact, local government officials contemplated

suing the Burgess Canal Company for causing the high water rable problem.

Apart from legaiities involved it is important to investigate this
opinion. Alternative B suggests the lining of the main stem of the Burgess
Canal while other canals remain unchanged. The lining of the Burgess
represents an 119 reduction of total seepage from irrigation canals in the

study area.
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Figure 22 Four 10 Cfs Wells NE Of Rigby — Alternative 7
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In the immediate location of the Burgess Canal, the water table maxi~
mum decreases 8 feet and in the area immediately surrounding the canal
decreases range between 2 and 4. 5 feet. The City of Rigby, located less
than one mile north of the Burgess Canal, shows a 4. 5 fcot decrease in
maximum water table elevation. Elsewhere no lowering of the maximum
water table is observed. Figure 23 is a contour piot of deviations from
historical maximum water table eievations resulting from lining the main

stem of the Burgess Canal.

Alternative 9 - Surface drain near Rigby

Another method of alleviating the high water table problem in the Rigby-
Lewisville area may be the introduction of an open surface drain. Drains
have been proposed for the area in the past and one land reclamation project
using open drains has been constructed. Since this proposal s regarded by
many as one of the teasible solutions, the model was run with & drain
installed at a level approximately 4. 2 feet below the maximum water table

elevation. The drain extends from Rigby 4 miles in a westerly direction.

The assumption is made that the drain is installed in the most efficient
way so that the rising water table will intersect the drain over the whole
iength at approximately the same time. The drain operates as a constant
head any time that the average water table elevation in the area is equal to

or greater than the stipulated elevation of the drain.
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Figure 23 Lining Main Stem Of Burgess — Alternative 8
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The model rur at tte lecarion of the drain shoews 2 lewering of the

maximum water “eble of 4. 2 feet averzge. At one miaie distance from the
drain the average decrease is 2. 0 feer and &t Rigby the drain resuiis in &
3. 1 foot lowering of the maximum warer tebie. Ar a distence of 3 miles
from the drain nc iowering of “he water rsbie s observed. Deviations from
historical maximum water rabie elevaricns as & result of the drain are sh:own
in Figure 24, Figure 25 comperes the hydrogreph of 5 well an “he drain site
for the historical 1972 seeson wirth the water table leveis calculated at the

same lccation with the drain ingstalied.

Alternative 10 -~ Thirty percent reducrion in net diversions

The high warer table prebilem is primarily caused by the excessive
amount of warer applied te the study area. Nearly all waier appiied
originates &s irrigation divers:ions from scme 20 irrigation districes.

The total net diversion (gross diversion minus return flow) smounted (o an
average of 3.8 acre feet per ecre in 1972, Of that amouni 6. 1 acre feer
was seepsge from the irrigarion canals. The ner irrvigation application is
7.7 acre feet per acre. This glternative involves a 309) reduction ¢f ke
ner diversions for all irrigation districis. Assuming rhat the seepage

(6. 1 feet) frem the irrigation canals remains the same, the 309, reducticon
of the net diversicn causes a 529 reduction of ner irvigarion epplication

from 7.7 1o 3. 6 acre feet per acre,
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Figure 24 Drain East—West Of Rigby — Alternative 9
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evarion cver {he entire

ety
et

A decisive decline of the maximum weter tebie €
area is observed. The water table north of the Great Feeder s 3w 7 feet
lower than the histericel maximum. Arcund the City of Rigby rhe wate
table is 10 -~ 13 ieer lower and near Ririe ebous § feet lower. Where the
groundwater table connects with the regional groundwarer tebie of the Snake
River Plain a 9 tc 12 feot decrease is cbserved. Figure 26 iz a contour
plot of deviations from historical maximum waier table elevstions, Figure
27 is a contour pict of deviarions from the historical minimurn water tebie
as it occurs at the end cf the simulation before the start of the new irrigs-
tion season May 1). The calculated minimum water tabie is icwer because
with a 30% reductien in net diversions there is less recharge to the ground-
water table. As was the case in management alternative 2, water levels ar
the end of the simulatior. ‘ntersecis the historical recession curve ar o
lower ievel before rising again as 2 resuit of the irrigation in the next

s€ason.

diversion

Alternative 11 - Twenty percent reduction in ner

Whether a smaller reduction of net diversion would alsc yield satis-
factory resuvits was investigated in this management alternarive whick
involves & 209% reduction in the net diversion, again assuming that the
seepage iosses remain the same, This resulrs in a 359 reduction of net

irrigation application from 7.7 to 5, 2 acre feer per acre,
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A considerable decline of the maximum water table over the entire ares
is evident. The area north of the Grear Feeder averages a 2o 5 fi. decrease
from the maximum weater table. Around the City of Rigby the maximum warer
table is 8 ~ 9 feet lower and near Ririe about 6 feet. Where the groundwsrer
table connects with the regional groundwater teble of the Sneke River Plain,
a lowering of the maximum watexr table between 6 and 8 feer occurs. Figure
28 is a contour plot of deviarions from maximum historical warer rable
elevations and shows ciearly the overall lowering of the maximum waier
table. Figure 29 represents deviarions from historical minimum water table
and shows lower watex table elevations as a result of the lower recession
curve. The modei was run for 5 consecutive years with a 209 reduction in
net diversion to determine the effect of iower water tables ar the beginning
of each season on the maximum gnd minimum warer tgbie elevarions. After
5 years the maximum water table declines to an equilibrium value which is
less than one foct below the value at the end of one year. [t then remsins

essentially i conustant equilibrium with the reduced input te the aguirer.

Alternative 12 - Sprinkier Irrigation

Considering the general soil type and topography conditicn in the study

area, the most efficient type of irrigation for the Snake River Fan is

sprinkler irrigation. A simulation run was made in which the entire area
is irrigated wiih sprinkiers with a 709 efficiency factor. A ciosed delivery

system is assumed so that conveyance 1csses are eliminated. The average
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crop evapciranspiration is 2. 0 feet, With 709 efficiency only 0. 85 acre

feet per acre (including precipitazion) is added to the groundweater aquifer

via deep percolarion instead of tre present 13, 8 acre feer per acre.

Hisrorical water table rises of 35 to 40 feet ave reduced "o 3 0 5 feet
respectively. Where the groundwater table connects with vhe regionsl
groundwater tabie of the Snake River Plain, the maximum water rabie is 20

feet lower than the historical maximum.

The minimum water table ar the end of a one year simtistion is between
3 and 5 feet lower than the historical minimum water reble. These levels
approach the final vaiue of the groundwater recession curve since minimal
groundwater recherge exists with this management aslterparive, Figures 30
and 31 are contour plots of deviafions from the maximum and minimum

historical water table elevaticns respeactively,

Alternative 13 - Long term recession curve

Under the exisfing wate€r management procedures on the Snake River
Fan, the minimum water tsble level occurs just before the beginning of
the irrigation scason gbcut May lst. There are numerous shallow domestic
wells in the area. Some concern exists that these wells wiil run dry if the
groundwater table is not recharged anrually by the deep percciation of
irrigation water, Without this recharge the water levels in the fan sre

expected to foilow a depletion curve until a steady state is reached in which
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the inflow from the Snake River, Greatr Feeder and scme valiey subsurface
flow equals the flow out of the area to the regional groundwater tabie of the
Snake River Plain. To determine rhe depletion curve and the equilibrium
water table of the Sngke River Fan, a simulation run was made in which
after one season the only input ¢ the area is seepage from the Snake River

and the Great Feeder Canal.

The equilibrium watex table is reached at a level averaging 5 feet
below the historical minimum in the area around Rigby and 5 to 6 feet in
the area north of the Great Feeder. In the vicinity of Ririe the minimum
water table is 5 feet lower and where the local water table connecrs with
the regional groundwzter tsbie of the Snake River Plain, the levels are 6
to 7 feet lower. Since this becundary with the Snake River Plain aquifer is
influenced not orily by the flow regime in the study area, but also, in &
lesser degree, the minimum caiculated water table my be conservative by

regional groundwater ievels.

Figure 32 shows behavicr of a representative well in rhe study area
for the 1972 season and the computed recesgion curve and equilibrium

water level resuliing from a cessation of irrigation after one year.
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DISCUSSION AND CONCLUSIONS

High water table or sub-wster conditions in the Rigbv-Ririe area cf
the Snake River Fan are caused by excesgive input te the gravel aquifer.
The msjer scurces of the inpur are irrigsiion application, cznal seepage
losses and Sniake River r1osses. Irrigation diversions 2o rthe area are
increasing abcut 0. 2 af/acre/year and averaged i3. i zf/acre for the 1972
May through September irrigarion seascon &s reported in Warer District i
records and 17. 0 af/ixrrigated acre as measured over the May-November
period. With this trend, high water tables ha'\‘fe been and are continuing
to become progressively worse., Damage to rurai and urban lands is
significant as indicated by a mail survey in which damages in excess of
$25, 000 per year were reported. Irrigation diversions are higher than
average for Idaho and fransmission iosses for the dense retwork of canals

and the Grear Feeder Canal appreach 40 percent of the gross diversion

1

and contributes 49 percent of the input tc the aquifer. Above zverage farm
applications and the absence of natural or artificial surface drainage

facilities makes almost all of the excess of farm application over evapo-

transpiration effeciive in recharging the aquifer. High infiltration rates
necessitare large farm stream sizes; however, long run lengths and

uneven leveling of borders contribute to uneven water distribution and

decreased irrigation efficiency.



The digital model develeped to study the effecrs of warer management
changes on the aquifer accurately predicrs seascnal aquifer response. The
calibration routine is effective in systemarically adjusting geohydroicgic
parameters ©o fit histor:ical water tabie respornises and is especially useful
where geohydrelegic dare is lacking., Verification of the model using 1972
data provided a simulation of the maximum waier table rise over the aquifer
with a srardard deviation cf 1. 25 fr. This is censidered more than sufficient
for planning purposes and cculd not have been achieved using rial and error
calibration precedures, Opersation of the model has proved very flexible in

evaluating aquifer response to changes in water managemeni.

Resulis of the managemens studies on the aquifer indicate that reason-
able changes in management of the Snske River to decrease the river siage
wotld not. appreciably affect the maximum use cof the aquifer and weuld nor
remedy the high water tabie problem in the Rigby area. Eliminarion of
transmission 10sses by lining of all canals would reduce the maximum
water table rise. Local relief may also be achieved by well or well field
operation; however, the quantities which must be pumped to achieve sigrifi-
cant lowering of the water table are large and operation may nct be
economically feasible. Consrtruction of an open drain near Rigby as hzs
been proposed by local residents could lower the water table at Rigby by
as much as 3 feet, Any drain constructed would necessarily be large

because of the gravelly substrata and depth required to achieve significant
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lowering of the wazer table, it is estimared that to achieve the 3 fcot reduc-
tion in water tabie height ar Rigby that & 100 cfs drain wouid be required

with an invert depth of 12 to 14 fest below ground surface,

The use of well and drains to remove water from the aquifer ro allevi-
ate the high water table problem are treatments of the sympromes and not
the main causes of the probiem. The most feasible sciunion is to reduce
inputs to the aquifer - namely deep percolation from irrigation and canéi

losses.

A 209 reduction of the net irrigarion diversion to the srea would
correct the high water table problem in both rhe Rigby sand Riric zreas.
Implementation cf this reducrion could be achieved either by sysrem con
solidation tc reduce canal seepsge, canal lining of specific reaches of
canals or decreasing on farm water use. Thnese parts of the area with
shallow soils and Ligh infiltracion rares are mest amenable to sprinkler
irrigation and conversion tc closed system sprinkler irrigatiorn for all cr
part of the area would solve the high water table problem. Minimum weter
table elevarions under any alternative studied sre not sufficiently decreased
to jeopardize domestic well water supplies. The long term recession
curve with zero input from irrigasion indicates a lowering of fhe minimum

water table of cniy 5 to 6 feet.
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Implementation of any alternstive to alleviate the high water table
problem in the study erea wiil depend on the willingress of residents to
cooperatively undertake a program and on rhe repayment capacity of the
community ro finance any venture. Further studies underway by *he Uni-
versity will evalvare these factors and determine costs cn aliernative warer

management prograrms,
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