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FOREWORD 

The Water Resources Research Insrirute has provided the admin-­

istrative coordination for this study and organized the i.nterciisciplina:ry 

team that conducted the investigation. It is the Institute's policy to 

make available the restllts of significant wai:er related research 

conducred in Idaho's universities and colleges. The Instit:ure neither 

endorses nor rejects the findings of the authors. It does recommend 

careful consideration of the aceumulated facrs by those who are 

assuredly going to continue to investigate this important field. 
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ABSTRACT 

A water management sr:~dy on a 96, 000 acre ir:;::·iga::ed traer in eastern 

Idaho was performed to deveiop techniques for regional ws.ter management 

studies aed investigate aiternatives for allE;viating a high W<Tter table 

problem in the area. A complete water budget including ir:::·igarion diver .. 

sions, system losses and we.steE-; and crop consumptive use: was der~:rmined. 

On farm water management practices, crop and property dama.ge was 

determined. A finite differer:ce digital aquifer model was developed tc 

evaluate the yesponse of the aquifer to changes in water manageme n;_:. 

The model which accommodates any type of aquifer boundary indGdes an 

automated calibration routine to adJLSt aquifer parameters o.:o fit hismrical 

water table elevations. This routine is especially usefui on aquifers with 

limited hydrogeological data. Results indicate that canal seepage and 

above average irri.g2tion appiication rates are the m ain causes c,f the :c ise 

of up to 40 feet in water tables dm~ing tre irrigat ion season. A leviat ion 

of the problem could be 8.ch1.eved with a 20fo or greater r educt ion in 

irrigation diversions or by lining of seiected reaches of c.s.na.l s . 
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INTRODUCTION 

High water table problems occur annually during the irrig&,tion season 

on the alluvial fan of the Snake River near the cities of Rigby and Ririe, 

Idaho. 

Problems such as water in basements and pota!o cellars or flc·oded 

fields and corrals are prevalent. The cos~ to residents and busin.E:sses 

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 committee 

to investigate possible ca~ses and solutions tc the problem. This research 

study on water use was begun in tt:.e Rigby"' Ririe area of the uppeY Snake 

River Basin in May, 1970. The sub~water committee and the Counr:y 

Commissioners of Jefferson County reqt:ested ~he study and were very 

cooperative in formu.iating procedures for data collection and in securing 

field data. Meetings were held wit:h the Jetter son County CommissionE:rs 

and the Great Feeder CanaJ Board under whose jurisdiction a major ity d 

the irrigation water is delivered to the area. Good cooperation has been 

received from the local farmers in the area and from the gO'vernmen~ 

agencies involved. 



OBJECTIVES 

The problem of high groundwater tables and draina.ge that exists in the 

Rigby-Ririe area is typical of other areas in the Stare of Ida ho. Because 

of the high rate s of irrigation diversions to this area and the dense ne·~wo:rk 

of irrigation canals, this project afforded an excellent opportur.i~;y ::o s ;:.udy 

various aspects of regional water manageme nt in irrigation distribut:}_cn 

systems. 

Therefore, the objectives of this study were: 

1) To develop techniques and procedure s for analyzing r egional water 

management problems; and 

2) To evaluate the effe ctiveness of alternative water m anage me nt 

programs on water table control. 

It was evident e arly in the study that a general simulat:i.::m mode l was 

r equired to effective ly evaluate the J:e sponse of the gr oundwate r syste rr: 

to time and spatia lly variant inputs. The refore the :nodeling effort was 

directed toward the following objective s : 

l) To develop a suitable mathematical model :;uch that theor et ical 

solutions can be obtaine d in the for m of flow patterns for 8. general 

two dimensional non-·homogeneous gr oundwater basin wit h any 

groundwater table configuration. 



2) To develop a calibration routine? used conjunctively with the 

model, that: generates and changes parameter ? a u.es 'Nhict ;:;_n= 

directly related to the frequently linknown geolog~cal properties 

of the area so that it is possible to simulate his~:cr = c&.l se.a.sons.l 

water table changes of any year on record. 

3 

3) To investigate? using the calibrated model, the effects of a.lt:e.:::::nate 

management solutions on the configuration of the. w;;_rer u:;~ble in 

order to arrive at those management solutions that in effe.ct will 

alleviate the water table problems as they occur in the Snake 

River Fan in eastern Idaho. 



STUDY AREA 

The water management study area as shown in Figu.re I is ioca_ted ln 

Jefferson and Bonneville Counties in Townships 3, 4 and 5 N c_nd Ra.ngcs 37 

through 40 E of the Boise Meridian" The area selected for s~cdy comprisEs 

approximately 100, 500 acres. The City of Ri_gby is locs:ted app!"'ox.ima_e-y 

in the center of the study area. This area. is an old ailu;,r;_.sl f&.n ..:.'f ._he Snakf· 

River and is served by an irrigation system developed in the la~:c 1800's by 

private and cooperative groups. The Great Feeder Canal which is R.r.. old 

channel of the Snake R~ver runs east and west: through the &.rea. ;::_nd delivE;rs 

water to some 20 smaller canals, . each one operated by a separate c:md 
i 

independent canal company or irrigation district. The mater ial frc.m 'il.ib~ct 

the irrigation canals are excavated is generally r ocky and perme2.ble. 

Climate 

The Rigby-·Ririe area of Jefferson County lies in the clima'"ological 

area known as ~he Upper Snake River Plains with moderately war m summers 

and severe winters. Temperatures average about 68 o F. in july a.nd 17'' F . 

in January" The growing season averages 123 days in duration and precipi-

ration averages 8. 7 inches. 

Soils 

Agricultural soils of the Snake River Fan are dominated by mediurr1 

texture soils as found on fan and stream bottom lands. 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 r:o 50% 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 inc h at some places. 

The soil gr oup 04 overlie s the Lewisville Knolls and s upports range and 

wildlife. 

All A type soils are mainly Cla s s II or III capability for ir r igated 

agriculture. 

Cr ops 

A crop survey conducted for this project indicat e s a disu ibution a s 

follows: 

Mixed Grains 31. 1% 

Alfalfa Hay 38. 8% 

Irrigated Pasrure 20. 6% 

Potatoe s 8 .. 1% 

Cor n 0. 4% 

Sugar Beet s L CJfo 
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Irrigation Practices 

Border ir:!:'iga!::ion is used extensively on grains, alfalfa a.nd pasr:ure. 

Large stream sizes are prevalent with turnouts from the canais regulated 

in many cases by individual farmers. A water management survE;y ws.s 

made in 1971 in which 70 farms were selected at random from the si:udy 

area and personal interviews made with operators. Data on wct.t:ET liSe~ 

irrigation practices, crops, field and farm size, fertilizer use c-md ott:er 

farm operations were obtained. The area surveyed inducted 5, 454 acrEs 

on 70 farms. 

The average farm size of those interviewed was 87 acres; however 9 

no small (5 ·-10 acre) farms were selected for interview. Es':imc:.:-:es by 

University Cooperative Extension personnel indicate thE. a.·;,erage farm 

size including the small acreages may be near 40 or 50 acres. The 

average field size for the 487 fields on which d&.ta we:::'e collected was 11 

acres with an average irrigation run length of .57 r ods (940 ft . ). Full­

time fa_rmers comprised 62% of those interviewed while o:n1y 31% hire 

extra help. Stock management is an imponant part of the operation on 

64% of the farms . Border irrigc;.tion is used on 88% of the fields a.nd 

furrow irdgat ion on 11% of the f ie lds. 

Sixty··seven percent of the farms rotate the water supply wit h onE, 

other individual with average discharge available at the farm of 6. 2 cfE. 

Ninety percent of those responding indicated that water w~~.s not ponded 
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on their fields or on nearby fields, yet 74% indicated that all of the 

applied ir:::iga:.ion water was retained on the.ir fields with no runoff to 

drains or adjacent lands. These resuits corroborate field surveys whl.ch 

show a lack of natural surface dr2,inage because of land leveling. 

Twenty--two percent of those responding indicated land da.ma_ge had 

occurred due to high water table, problems in the area. 

Field evalli.a.t:ions of irrigation pra.ctices were conducted on both 

border and furrow systems. The furrow systems were all or. potato 

fields while the border systems evalua~~ed were cr opped to alfalfa~ 

grain and permanent pasture. Furrow irrigation of potatoes w2.s fouP..d 

to be about SOfa efficient if the wteel compacted row wa s use d, 

Irrigation of the non~compe.cted row r e sli.ited in larger amoun!~s of 

water being applied. BordE--:!:.' !:::·:ig&.t:on data show thc-.t an a.-;E.rage of 

about 15 inche s pe:!::· acre is be ing app iE: d per irr igaUon wt.exe the 

irrigation r equire me nt is only 4 to 5 inc hes. 

Mos t of the low irr igation e fficie r..c ie s found in thi.s s tudy r e.sult 

from run lengths too long for the hi.g h intaJ<e soils fcG.nd in this aYE&., 

Some also r e st.Jt fr om use of longer sets at night:~ vaxy~ng le ngt hs of 

run, poor leve ling , e tc. . Although, crop yields do not a.ppeG.r to bE 

greatly r educed by the over irrigat ion, the excess application comr ibur.es 

to the high wate r table problem. The long r uns a r e usf:d becacse the y 
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are more efficient: to farm and because trained labor for ir:riga!:ing is 

difficult to obtain. 

All of the ir::.--igated lands in ::he study area a.re se:::-ved frc:rr; ~: he.-' 

Snake River with water rights dating as early as June, l880< The 

majority of the area is served by irrigation canals diverting from the 

Great Feeder C&nal which serves as a bypass for rr•e Snakf: Rivf':::- ma.in 

stream and generally runs continually. Management of deUvEries r:o 

the smaller independem canals is the responsibility of E. cooperativE: 

group calied the Great Feeder Board. 

Canal diversions tc the sxea axe recorded in the repor-ts of the 

water master fer Water Disr:rict 1 (formerly District 36) of ~he Su:_._tE 

of Idaho commencing in 19~9 through the presenL D::.ve:::'S ion ::-e cords 

are maintained for tte period of May ~l st to September 30, a lthm;gh on 

many canals diversions cominue imo November but are not recorded 

on District 1 records. 



DATA COLLECTION 

Geology 

Available well logs from the Idaho Department of Water Adm~nistra_tion 

and local residents indicate th<rt the gravel aquifer is extensive over the fa.n. 

However, very few of the domestic wells for which logs are ava.ilable a.re 

greater than 100 feet deep so that the depth of gravels is not discernible 

over the entire fan. 

One exploratory well, one and one-half miles northwes~ of Rigby is 

1008 feet deep and indicates a 300 foot depth of gravel underlain by 170 

feet of clay above basalt. Basalt is encountered at shallow depths south 

of Ririe and fingers of basalt extenaceastward from the -Lewisville Knolls 

on the western edge of the area into the gravels. 

Water balance computations together with some evidence of the e xis-· 

tence of interspersing clay layers indicate that an im~ortant percentage of 

the total water diversions leaves the area via leakage to the regional 

groundwater table of the Snake River Plain (6). The location and the 

magnitude of this leakage is unknown. From the available geological 

information only an estim;;_te can be made of the values of the geohydrc-· 

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 estimat ing tb.e depth cf gr a.vel .s.nd 

approximate locations of clay lenses. 

Groundwater Table Elevations 

A network of some 40 wells in the area was used to monitor changes 

in the groundwater table thr oughout the study. Figure 3 show s the loca.··· 

tions of wells and well points meo..sured in the network" Water table 

elevation contours were interpreted from these well recordings at three 

selected times in 197 2-1973 for use in calibration of t he. simulation modeL 

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 ~rrigation in May to _August. Maximum groundwater 

table elevatiGns occur in August and associated 1:J:toble m s are: prevalent 

during August and September. Figu.re :5 shows the depth to the water table 

on August 30, 1972, as computed horn the gTouncJwarer contours . Tne 

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. T he are a 

around the City of Ririe is a local groundwater mound with depth to wc::~ter 

of 10 feet and less. 

Surface Water Dive rsions 

Irrigation dive rsions for the rnajor canal s in the study arec:::_ for rhe 

May 1 ... September 30 period are recorded in t e reports of Water Distri.ct L 
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These measurements &.re performed by District l and U" So Ge.olog1cai 

Sur1ey persortnEL D ri ng the 197 2 sE:&.scn m easc.rernects were extended 

by the Univer sHy o.nd ARS personnei past r·he no:rm8.l Septernb .:c: 30 Cl:7.off 

date through November 30 ur until a.l1 canc;is had been shu: dc•wn for LhF. 

wmt eL Return fwws to rhe Snake Ri ;er ar the Burgess Cana.' spiH~ Lo ng 

Isiand Slough and Great F(~E~der were me.asund through t he se2 .. s ono Wa.re r 

les_vmg the study arEa. to the noxtJ• b) spnng flew wos me-ast::red. wtek~y c·x 

bi-weekl) by cur::::em metering or nued Sf~c t lons.. Water transpurte.d oc 

of the. a::--·ea to the. sottb in the Anderson, Farmer s Friend and Harrison 

Canals wa.s me&.sc.rEd con~mc..ou.sl> with water stage reccrders ar r ated 

sections" 

Figc.re 6 shows the three ye~n r um mg oVE·rage of the published Mc:y 

September divers ions per acre from r he Sna ke Rjver for c ana l s ser .;:!~ ng 

about 84, 000 &cres of rhe Snc-,.ke Rh'Er Fan.. May -·S p; e m ber di vers i r. r;~, 

and irrigatEd &.cr es are published ir~ .~fports of the w&.rerma.8' er foy Water 

District ), A i nc:r asing rrend can be bs erve d with t b recorded --~ 97 2 

May-,Septembe:c d~'!Ers:ons 2pp:::-oachi ng J 3" acre fee• pe r acre. 

The s.-s2sona l djstr ibution of total diversion and o utflows for i971 

and 1972 is s hown in Figure 7. T he to~at canal divers ~ons ·ncl de a ll 

canals with service area.s tots.lly or partially inch de d in the srudy area .. 

Outflows include return flow tc rhe Snake Ri- e r and cana l f ws u._ 01 ~~J; e:: 
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stLdy 2n=:a. C!eariy noticeable. is t he decreas · in di·:/ersion aroL·L d Pionee r 

Dr ·uQ .J''IJE': 24 'N··· I-·:c·.t· ·'c; - . t:· , ... ··o d· -\/ 'rl ''·1:1e stL·d ·c a~ .a cJ.. J '"-") v . . . ') . J . ..._ ... _...._ .._ o . . .. v l.t 0.-J ·- . . ~ .. )' . .1. " F igcres 8 and 9 st;c.-.;v 

the se.;.sona l distrib ~jon of t he diy -::r sivns a.nd :cHur n tlUVii' S tor the. BL.·rgEss 

CE.n<::J system and t he par ks P.~nd L""Viiisvi1le Can2J syste m r e sp ·ct i'l ,ly . Tl.•e 

net: dr=te :r s i n ~ s calcd ted as t:re me a sur ed dr·,en :: jon at t:ne c.snal hea.d 

gate s m :: nvs &.ll surf:z.ce w;;;.s~e..s.. T he d~srribe·~ion of d ive r sions fur thr.::: ·i 97 2 

ope.:rat"ng se2.son is stown i.n T able L 

'T' 't· cc. t· -,;· r .• '1 d .. J' Ve.. ·;c; ' c··:.n f·c.-~· M'•'\; ' "' 1\.': -·v ··· rr bey· 1., 9~;' 2 f'o•-. ·•· E' 8'2 2~0 l. r ·-r•' aar·· ·d _._ _ 1"-. .U •. o .. . . -~ ........ 1 . . . ....._ r .. J 1 '\;\._. r-~ - 1 _..1._ ' -, ..._ L. , _.. C 9 U ... b .-

was diver .ed a fte :r Septe mbE:: 30 .. 

Canal SE.e:page Lc•sses 

The main canaL of ·he systems have a ~ota.l wat: .::r s Lx f ac e .::.rea c1f 'i' ~D 

r,c.,-·es ov· s 't' :,gl..,t··t·, .. 'l E:.s "" ·-J··J· ···r1 07 of rhe l"rri·g ~r<.:.o-J r .,..ea C4- _._ ·'- -.. .. J. '~ y .._ u '·· .G~ 10 . ., c~ ... \.....• . d .... 11 We :tE::d a.~ 2. ,. were 

determ~ned from la:rgc s cale a e r "al pho-·os. SE epage tests \~~rE: madf: :in 

20 iocat:ions in tt e 1ate summer and t ai l oi 1970 and in 16 nc;-:;_rjo .s in thEo 

ea.:::-'Ly spring of 1971. Wit l:l an est:ima.ted a.ccur a y of m .asure ment b e:":Wt=-:"';n 

5% and lCP7o,seepage m e a s .rem ent:s av 'ragi'Sd 3. = 0 f :jday. Tl'lb see age 

rate applied t:c 2.11 main c an a! in t he s ystem amount s ro sm, 500 acrE fee 

cvey 2 200 day season r ' 33% of t he gros ,•s d iversi .n, 
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Tabie 1 

WATER MANA.GEMENT STUDY ~ JEFFERSON COLNT'f 

Irrigated Area = 82, 250 acres }972 

Diversion * l , .5 17, 000 af 

384, 600 aJ 

Net: D~vE:r sk·n l' 132, 400 &J 

Transmiss't(m Loss 501, 500 af 6. i r;.f / a 

Net Application 630, 900 &J 7" 7 af/& 

Evapotranspiration 164, 500 at 2, 0 atja. 

Deep Percolat:i.on 466, 400 af 5, 7 a.f/&. 

*Total diversion indudf;S a ll canals ct ·v ert~ng from the Sne.ke Ri'rer wt·.ich 
irrigate or <He sed to transport wat:e :c through ~he st:uc.y c:.::::·ec;. ex.cep~ ~he 
Eagle Rock Cc:maL 

;.'*Outflow includes wa ter t:cartspor:::ed to ifiricls sout:r: of ~he st dy area by rhe. 
Anderson, Farmers Friend, 2x1d sodt1 branc h cf the Harr i son CanaL 

The Gr eat Feede~::- Cacc:d which has not been accounted for in the abo•ie 

calculation has a. werted are&. of 311. 6 acres or 3 . 5% of t he total wetted 

area of canais. Dur~ng the la!te.c part of the irrigation se8.sc·n the G:ceat 

Feeder i s a gaining stream and acts like a drain in the wester n part of 

the aquifer so that ~:he effe ctive seepage rate over the tot&.I le ngth is Iess 

than the avers.ge for rhe 2.r e a. With a seep&,ge rate cf l fl:: j ds_y the ye.a:.rly 

seepage of the Grea-t Feede:t adCi.s : :: 3, 800 a.cre feet to the aquifeL 
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Snake River Losses 

Recognizing that losses in the Snake River as it flows ovf':r the fa.n can 

contribute to the groundwater table rise, an attempt: was made to evaJc.ate 

these losses. Stearns (1) in 1938 reported 2-n average loss of 288 cfs in 

the Heise ·· Lorenzo reach. Current: meter measure-ments of di8cha:r·ge 

were obtained three times in 1970 which indicated an average los::; of 408 

cfs. Based on 408 cfs for a 200 ds.y season, losses from tte Snake Ri•Jer 

account: for 163, 200 a.cre feet of water added to the a.quifeL 

The Snake R~ver loss represents 21% of ~:he 778, 500 acre feet of wa~~eor 

added to the aquifer by seepage from irrigation canals, the GrE:at FE.eder, 

and the Snake River but represents only 13% of the total. inpu>:: of ;" 244. 900 

acre feet added to the aquifer over the irrigation season. 

Ev apotr anspir at ion 

Crop evapotranspiration for the 1972 season was ca.'iculat:ed c.sing t.he 

Penman conbination equation (2) with crop coefficients based on the measured 

crop distributiono Differences in crop distribution throLghout: <·he area wE:::::f'. 

not significant. The tctal evapotranspiration for the seC~.scn was 2. 0 ac:-::·e. 

feet per acre or 164, 500 acre fee~: for the study area. 



SYSTEM SIMULATION 

In order t() efficiently dr:terminE and evaluat:e the alt:er nh::ive sf,lut iom:: 

for relieving ':LE high groundwater tabie, a m e thod of predi.c::ing t:he r esponse 

of the Etquift.r to varyjng degrees of change in the ~nput and C•t;t:pct Wd s 

necessary. 

Analytical soll!lUons to the. basic fl()W equations &Xf - no1 a.pplic:abit:: 

because of a high deg:ree of simplification needed t:c• se cur e a sol t ion tor 

the complex hydrogeetlog1c sysrEm wit:b 7arying boundar y c:ondit ' om:o 

Ans.log mcde ls of thE rEsista.nce --capl::.cit.:mce type &.re a.rpUcabl ·~ 

ahhough conmr ucti.on of an analog for a specific c:•.quifer is costly a.nd t.h~ 

size and flex!bility r equir ed for this study would be difficult to ac hi E: re. 

With an c;_na · og model ·it is no~: possible, other t han on at ial a.nd eL.Or 

basis , to ca librate the mode l to s::m ·late historica l t r ends. T he :1 i i 

8.nd e r r or calibration i s Ct:;rnb?Cr s ome if or impossible so it would b•:: 

necessary r:o incorporate some hybrid computer techn·que to achi ,vP a. 

reasonable calibra t ion. 

The ava ilability of la r ge dig ·ral computers and new fin it e differ encE 

techniqL<es for ~olving the flow equaU_cns make a digita l m odel most feas ­

ible s ince all obj e _t ive.s cc:m bE rnff en t he same facil iry 8nd ::t.c rnodc i 

de signed car be general enough to be applied to other aqL:ife-c s , 
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The model designed is a mathematical digital model that: incoYporat:es 

a procedure for automatic parameter adjustmen;.: so that it is possible ~:o 

simulate historical water table response of any year on reccrd, I-Hstorical 

water level data show that: the seasonal rise of the groundwate:c t:e.b1e is a 

repetitive cycle of which the yearly amplitude is neady constant so tbat: 

selection of any particular y-ear or years for calibration is immateriaL 

For the srudy a.rea the year May 1, 1972, - April 30. :~973~ wa.s 

chosen for calibration since for this year more reliable data was eollec~ed 

to verify the simulationo With a calibrated model ~:: was then possibie. to 

study the effects of change in water management on !:he grot.:ndwat:e;r flowo 

Model Description 

The mathematical model developed is a finite diffe::::·P-nce d}.giteJ model 

and, like models of Bredehoeft and Pinder (3), i.t is b&.se.d on •he alte:::nating 

direction implicit method as introduced by Peaceman and Rachford ( 4) and 

Douglas and Rachford (5) and caJculates head values on a gridpoint basis, 

The two dimensional model accommodates non··homogene:ous, confined 

and unconfined, leaky and non~leaky aquifers, All boundary· condit;_ons 

normally encountered can be handled such as constant head boundaries, 

impermeable boundaries, and boundaries formed by lakes and stre:ams in 

which the water level changes in timeo A new procedure for t:reEOtment: of 

fiow boundary through which flow is variable and a function of the: 
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"'t.:pgradient" flow regime has been developed., An op::on for sim la.t:i.ng .:m 

open drain is included in which the dr &.in functions as a const:ant head any 

time when the water !:able around the drain is high.er than i:he spFeit ied W8'.7:c r:· 

level in the drain, 

Leakage from or to an underlying Or" overlying water bearing f r m a .:icn 

is dependent on the hydraulic head in the a.quiter a.nd 1s genEr arEod in ; bf­

model program" It: is c:ssumed that t:l-.e head in the 2.djacen1. fcrrnc.L~on ie 

constant during f e simulation period, 

Inputs or oGtputs not dependent on the hydraulic hea.d ~.ndudt:- prE"-cipi ··" 

tation, irrigation applicat ion, crop ev&.potr a.nspir a.tic•n, WF il disc h.a.-:gE-S or 

recharges, consLsnt: lea.kage if prc.sent, inputs o:r ou pu~s duE" to change: C'f 

average water content of thE: son r~::ofile abo·,re ::he wat er t a ble and canaJ 

seepage (6)., Canal seepage is dependE";r1:: on the wa-:er table tevel s and can 

be calculated in t he model program as such, Calculation procedures by 

other authors (7) (8) (9) assume unsaturated flow beneath U!E:: canal ; how ·" 

ever, dar:a on unsaturated vertical hydraulic conductivity is gen ral1y 

lacking Becs.L:se the canal oper 2.Ung procedures for this study a.:-:·ea 

result in near ly cons tant wetted canal perimeters , s eepage is assumed i~o 

be constant as measu:red in the field. 
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Irrigation applications on the m a ny different irriga:: ion districts and 

the geology vary substantially so tha.t t:f:e maximum ampli::ude of the water 

table rise varies from 5 to 50 feet and occ ur s at different times at eac h 

node poinL Therefore it was considered necessary to approxima::e as 

accurately a$ pos [.: ible input for eac h node at e ac h time step. 

Data on clim2_te, soils, crop d:.s t:::- ibution, irrigation diversions and 

distribution losses are u:ilized in a separate input program to calculate a 

three dimensional source term wtjch ser~res as inpct to the main pr ogram. 

The main program is general enot.:;gh to be a pplied to any aquife r. The 

separate input program allows greate:r: flexib:Jity in evalus.ting inputs 

because it can be ta.ilored to the: speciLc characte rist ic s of an aquifer 

without c hanging the main pr ogram . T he: a lteration of an input r oc::ine 

that i s incor por2.te:d d1rect:ly in:~o ~: he rrH:,del progr.s.m m <my Urnes jeopar~ 

dizes the oper ation cf the modF.. i pr ogram . 

Tb.e differenLal equation govern~ng t e nonsteady fi.ow ~n an elastic 

non-homogeneous porous me:d~t.:..m can bE wr itte n &_s 

('j, rJ h 1 (J h 
iJ(i --- : (S --

j b a X 0 u XJ = t ) 0-l ' (1, J' 

l(. · i s hydr a ulic condt.::ctivity ::ensor (L/ T ) 
1, J 

h is hydraulic head (L) 

,. 
l. 

; 

S is the s tor age coeffic iem (dtme:nsionless) 

+ we . 
1? J' t ) ( l ) 
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b is the depth of aquifer (L) 

W is the volume flux per un~t ct.rea (.L/ T). 

If the coordinate axes are al~gr.ed w!rh tbe prl.nc~pal direct_:ions cf •:he 

conductivity tensor and with T(x
1 

y) == K(x, y) b(x, y, t)' r.he f~nite differenn"O; 

approximations t:o equa~:ion (1) can bf.O writt en c:::..s 

T ( h~ l . k l:\ " k) '+1/2 . j_+,_, J, "" l.~ J• 
XX 1 , J ------,-;~)2------

T (h. . . 1 k h. - k ) rr .h. .. 1 k h. . k) 
+ yy i,j+l/2 ~!..Jt- . .!_ -_ _;;J: _______ + ·yy ~. j~l/2 L..l.?...t.:.._·~---=---r,J, _ _:_ 

( 6 yy· ( /::, y) 

S' . (h. ' k h,. .. 1 1) Q_. ' k = 1, J _1_, l_• _:_·_! ?_L:!~- --'-- _ 32. J.~-
Kv . . 
~ 1!._}_ 

2 B . . 
i.., J 

where i is tte index in thE x dimE:ns:.on. 

j is tt.e. ';_ndex :n the y di.mension. 

Kv is the vertical hydr a lie cond-cc:nv ity of the r estric t ing 
layer (LjT). 

B is the thickness of the restric ting layer (L ) .. 

Kv the impedance of the :rest:ncting layer separating the 
B aquifers (L/ T). 

He ~.s the hydnmHc head f the underlying or overlying c-_;._gcifEL 

Q ~ 
i, j, k ]s the input: te::::-m (L0

), in cubic feet.: fc:;: eve:ry node point 
at ev r y t:imeste p. 
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Above equation implies an implicit methcd of solt..;.tion.. Since an 

implicit solution for large grid systems requires a considerable amount of 

computation time, the al:.:ernating direction implicit method (4), (5) ts 

preferable since. it results in a system of equations with a. c- idi&.gonal 

coefficient ma~:r :i.x fo::c which a simple alogcri~hm exi.st:s .. 

Essentially the princ1ple is to employ two difference eq · at"ons which 

are used in turn over sc.ccessive type steps, each of du::: ation 1:::. ...:.j2. 

The first equation is impl~cit only in the x ~·directicn <O,nd sol7f~s row 

by row for intermediate -v'&lues of h~ J. a~;~ .= k+l/2 which c:tre used ~n the 
J., 

second equatie:n, :mpEcit in yud~rection solving now column by coiurnn, 

leading to the sol L.tion of h1-· J' k+' at the end of the whole .imE'; interval r, L 
' ' .1 .. 

Equation (2) fc1r a row calcu1c;.rion in the aiterrta.t:ing direction implic~t: 

method wi.t:h coefficients A, B, C and D substttcted for ail known ·vralue yields 

Ahi·· j, k+:i/ 2 + Bh" J. k+., / 2 1, ' .1. . 
+ Ch.:-+- ' : k+l /~ 

.I • .l. , J, . L = D ~3) 

The hydraulic head is calculate-d in a system of tridiagonal ~qua·: ions 

similar to equation (3) ~n which the boundsxy equations hav·e on y two 

unknowns. 
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Boundary Conditions 

Boundary conditions and interior and exterior nodes are dE:noted in the 

program by specific numbers in input arrays" Accc~rding -.:c· t he number 

associated with a node point the coefficients A~ B~ C ;:.md D of eaua. :ion (3) 

are calculated.. This method allows fer recognizi.ng all boundar y· Cl::mc· 

ditions describE.d above and by changl.ng rhe node designaCon dGring a 

simulation period, boundaries change according'ly" 'Th~s is particula:dy 

helpful in the simulation of a surface drs.in in t:hf~ stuqy &.rea, si.nce a. 

drain requires different !:reatment according ro thE ca.lcdated watE:Y ~:able 

levels at the drain site" 

When flow across a. boundary occLTs, the head at r:hr: boundct.ry changes 

and some function defining the hEad at the bounda.ry becomes nEcEssary" 

In calculating the hydradic hE'ad by cueing off the s.quifer .;J boundary node, 

(ib, j) , three unknowns remain in equation (3) since no1~h:i.ng is known ;:;.bout 

node point (ib- l,j) (Figure 10)" To e.liminat:e one unknown _, h _·,. b i k ., 17 ~ -, J, _-t-t "-

is expressed in terms of hib , j, k+ljZ and hib+J, j, k+l.j ::· t.:.~ing hyd1:aulic 

head valL.es calclilated in the previous timestep" If thF ch.s. Egf~ :In r;yd:raulic 

head per timestep is nN abrupt in the ·vicinity of ::t·.e ftC\Iil bo-cndary, H 

follows that: as a. first approximation, 

a 1 CJ, l = -------



Outside Boundary +---t---~ Inside Boundary 

Nodepoint (ib-1, j) (i b, j) ( ib+l, j) (ibt2, j) (ib+3, j) 

Outside 
Boundary ib= i boundary 
Node 

Figure 10. Hydraulic Head in the Vicinity of the Flow 
Boundary. 
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a 1 and a2 are the average gr adients of the ws_:~er table in t: r;P- p·.cevious 

half time step (k) 
a. 2 

then: s2 = = 
a 1 

B 2 ( L'lx) 
and hib .i , l · k+ 112 = 11ib, j , k+ 11 2 .. 

(4) 

h.b ·' . 1+"/ 2 h .. b . 1 . l j 2 '"' CJ. 2 .h.b+" ·• 1 .. , '2 -- h .. , 1 · •' /'' ) l ·-- J , ], C 1 ' = 1 , ], 1<+-. . ( 1 1, ], 1<.--t-~;/ lD, .b 1<.--t-J L-

a. ] 

Substituting expre ssion (4) in equation (3) yields a boundary e.quation w~,th 

two unknowns 

B' bib, j , k+1/ 2 + C' hib+l , j, k+l/2 = D (5) 

The equation now calculates for t: = k+l/2, head values for nodes 

ib, ib + 1, ib + 2, . . . . . . . 

As a second c:_;_pproximation, hih -·l, j , k+l./2 cc:.n be calculated us ing the node 

points ib, ib+l, ib+2 with a quadratic funct ion. This second appr oxim ation 

i s used for the next t imesrcp s . When highly iJnste s.dy state conditi ns ex ~ st 

at the flow bc undary as fi. r e s ltit of incor rect VB.lFes of hydrogeological 

parameters T and S, the computation becomes unsta ble. 

Therefore a c he ck of the ( a2/a 1) ratio i s ~.ntroduced as we ll as uppfT 

and lower limit s for t he head differ ences between s uc ceeding node points 

u.sed in t his approximation. Testing of the procedure led to '.Je:• y s atisfac 

tor y results (6) .. 
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Instead of approximating h' b-, 
1 

k_._1-12 with :be ra;:io met!':..cd, it may 
l 1.. ? J' I 

be approximared by soiving equation 0) tor node ib'"·l , J using forwar·d o:c 

backward difference techniques., Since this method is ps.rtiy Explicit, 

stability ma.y be a problem and i.s bE~ng inves~:~.gated" 

For management purposes the cpt'on of including a surf.~ce drain was 

incorporatE-d in ~:he modeL The a.stJumption is made that the drain ::_s 

installed in the most efficient way 50 ~hat the rising water table will inter o> 

sect the drain over t he whole leng~h a: approximately the same Urneo The 

drain operates as Ei constan': head any time that the averagE: wa~er table 

elevation in the immediate area is equal to or grea~er t:hB.n t:he st:ipclated 

elevation of the drain" 

Boundaries for Snake River F&n 

Figu.re 11 is a map of the s tudy area wit.h 8. one mile squar e g-_r:id 

imposed" The Sna.kE Rlvex se:::v es a s a boundary with a variable w-ate 

level adjusted according ~:o the r iver m ans.gement, and the sout heast par!: of 

the aquifer is bC'u.rldPd by ;:;,_ rnountaino· s area w ich s erves as an imper me .-

able bou.nda.ry, 

In the southwest corner the gravel aq ife:r connects w·th t he deep grm:nd ··-· 

water table of the Snake Riv e:r· Plain basalts " The grc.dient is s teep c;.nd 

generally in a so t:hwes .. d irection. Tne boundar y is composed of IVi'G ::ypt=;s: 

(1) a.n artificial no -flow boundary whict pa-r·E:.11els the d~rection of flew· a.nd 

(2) the flow boundary which te r m inates the southeast port ion of ·:he study <:i.:rea. 
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Ca.libra~:icm RoL.tine 

The da~:a for the study area is composed of inputs associated with water 

managemem which are calculaf:ed in the inpc;t program, and d~ita related ro 

the geohyd::rological properties of the aqcifer such as t:he hydraulic conduc ­

tivity, storage coefficients, and aqLifer boaom elevations,, r:ne ~mpedance 

of the restricting l2.yer, the initial head difference between aqdfers and 

the initial water table values. 

Historical recurds are available from a nerwork of wells; however, 

information about: the geohydrological parameters is extremely scarce .. 

In applying the model an inirial estimate for the parameters was ma.de.o 

Water balance. computations indicared that a major proportion of t:he total 

water transfer :ts drawn from this arE-f. by leak8.ge int:c t:he regional ws.ter 

table. 

Invest~ga.r. ion c_;f the effects of management: changes on aquif r be hav ior 

is only poss ible if the mode l is a.ble to simulate the historical beha.v ior of 

the a.quiJer, Whe:re. geological data is scarce, &.djustme nt of aquif .r pa:ra ·o· 

meters to achieve. simdation of historical behavior i s d1fficulr wrthout a 

systemahc caUb:-:'ation rOLirine.. 

The calibrarion r out:ine de1eloped for this mode l changes aq ife r pa.rs. "" 

meters based on differe nces ~n calculated and historical w~.ter t::?.blt:. eleva 

tions at selected t:imesteps. Because of che seasonal response of t his 

aquifer, wat r levels at. threE. timest:e ps wer e ctosen for compe.r ieon: t he 
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maximum, an inter mediate stage and the min~mum &.t rhE:. End d the yearly 

cycle. Figure 12 shows the aquifer response for the Jay C a t k well near 

Rigby. At each selected timestep for every node point the de-riations from 

historical water table ei.e.-vat~ions are calculated a.s weli as the sum c,f 

squares of the deviations over the entire aquifer·. 

Four parameters We.!:e considered fm change: conduc .ivit.y, stor age 

coefficient, impedance, and initial head difference. Parame/ e:r values are 

changed according to the magnitude: of the devi.ations a.t nt:: of the selected 

timesteps. In this area with a. high water cable problem best fit priority 

was given to the maximum water table elevation, which occurs a.pprox:l · 

mately August 30. 

The selected period for calibration of t he mode l wa s May 1, i972, w 

May 1, 1973. Tt e deviations from histor ic val ues for the t hr ,e s ele ,ted 

timesteps are srored for every node . Conductivi ry value s are changed 

based on deviations fr o m t he maximum J1istorical watt."-:r table. The nf:-w 

values of conductivity are calculated for every node pom t by the relaU.on · 

ship: 

K - K t- K ( lldue flllint dc·vi at i(r ·new - old - old · 1 

maximum dev jation in the aquifer 

Conductivity va ues are adjusted in four simulati n runs and the 

routine selects that set of conductiv ity values that resulted in rhe minimum 

cvcr·all s ums of squa r e s f r all three timest:ep~. 
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The routine then changes the conductivity values bc;.ck to ;:hf:: o:;:i.ginal 

starting vaiues and a second parameter is adjusted similE~~y in four s :rrn.:Ja ~, 

tion runs. The remaining two parameters are adjusted in tf.e same manner. 

At the termination of tt!e first calibration these 16 simda.t.ion rcns Te.sulr: 

in a set of data cards that gives the ieas::: overall sum of sqca:::::-es of devia ·· 

tions over the three timesteps for each parameter. 

The initial data set of these parameters is replaced by rhe Tesult of t:hf: 

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 r e sults of the caiibration is gtven in Figure 13 whid: 

is a microfilm plot showing the deviations for four calibr ati ns of t:hr.. 

impedance facwr at a particular node point:. Deviations calculc:.tE:d fr om 

measured head values at four timest:eps are plot=:ed. The first t:imestep 

represents the st2.rt of the simulati.on (MB.y l , 197 2); the second t:ime step 

is the timestep s.t which the maximum water table r ise: occu:rs (/l,.ugust: 30); 

the third timestep (Octobe r 30) is an intermediate s ta.ge; while the four th 

timestep r epresents th.e completion of the yea:r ly cycle (May 1, 1973). The 

t:otal sum of squar es of the deviat ions is calculated for t he second, thir d, 

and fourth timest:eps . The groups of numbers (1, ~. ;i, 4) r epTesent t be 

deviations from me2.sured V8.lues as a result of r uns with scc ce.ssive pa:ra­

meter value s. 
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A point by point calibration results in a very satisfactory fit. Even 

though the pararne:::ers are changed acco:'ding to the fit at the second time., 

step, the deviations at other times~eps also decrease. Graphs of the fou.r 

calibrations for the other pa:r'ameters (condt.icUvit:y, sto~age coefficient, 

head difference) show similar results. The four c&lib:n:n~on runs showE:d 

that the thi::d and fm:.rth paramete:':' (~mpedancE .:md :nitial head difte:cence. 

of leaky aquifer) were most se.nsiti-.re w change whrle, the condt.::C: : .. ii~:y 

values were least: sensitive. A change of cor.ductivl.ty values based on 

average hydraulic gradient compared to his!:o::.:ic gradient ins~ea.d of change 

based on head compar ison is new ~nco:::porated in ~he model and g~c,res 

greater sensitivity to changes in conduct:ivity. 

From the last calib:::s.t ion rur.•. c:n the Snake Rive:::: Fan aqLiifer t:he final 

sum of squares of deviations resu.ited in an average deviation from histor , 

ical values of L 25 ft:. for the second t imes~ep (August 30); 3. 2 fL for the 

third timestep (October 30); a.nd 4. 4 ft . for the fourth timestep (Apr il 30, 

1973). Since the maximum r ise of t e g:roundwate table in tt1e aquife:r 

varies from 20 to 50 ft. except near t he Snake River, t his result is satis·· 

factory. 

Figure 12 s hows t he his tor ical well hyd:rograph and the simula~:e-d water 

table elevations a.fte r finai ca.librat ion for t he year 197 2 of t he Jay CTc:.rk 

well located in the study area. Fig .re 1.2 also shows the close s imulation 

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 evaiuating 

management decisior.s. Figures 14 and 15 are the micr·ofHm plots of rl1e 

simulated minimum and maximum water table elevations which occur about 

April 30 and August 30 respectively. 

Input Program 

The inpu~: term Q(i, j , k) wh:ch is calculated in the input progY'am for 

every node point (i, j) at every half timestep (k) can be written as follows: 

Q(i, j, k) = QI(i , j , k) "' QS(i, j, k) = PE (i, j, k) + E (i, j, k) + AMO (i, j, k) 

+ PLJM (i ~ j, k) ~ QCL (i, j) 

where 

QI = inpL.t due to irr igation at each node during time increment 
(k'" 1) to k ,. 

QS = inpu!: due t:o canal seepage at each node for time inc:remem 
(k·, 1) to k. 

PE = precipita::ion 

E - crop eva.potranspiration 

AMO = change of avera.ge watE:.x content in soii p:cofi e above t:.he 
wa.ter table. 

PUM - output or input dGe ~:o a pumped weE OI' recharge. weil a:- node 
i , j tor time increment (k -· 1) to k. 

QCL = input or output dee to c,_ l_eB.ky aquifer (constant in time). 

The speci_fic methods to calculate these inpurs are out:iined in 

de Sonneville (6). For ::f:e cal~bration of the geohyd:cologicai pararnete::.:s 

the year from May 1, 1972, to iv1ay 1, 1973, wa.s used, and inputs werE; 
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generated for weekly half timesteps from May 1 to December E which is 

the irrigation season. From December 11 to May l which is the winter 

season inputs were calculated for two Week half timesteps. 

The start of simula::ion was chosen at May 1 since. this dare represents 

the low point of the :recession curve of the water table befor e the warer 

levels rise again as a result of irrigation diversions. Diversions take place 

until at least November 25 or later, so the ir:::' igation season in the model is 

extended to December 11. From December 11 to May 1 no irrigation ~akes 

place and the evs.potranspiration is considered negligible. Table 2 shows 

the two seasons for a year s imulation. 
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Table 2 

TIME TABLE OF THE TWO SEASONS FOR COMPUTER MODEL 

Half timestep No: k k k 

Start May 1 1 Sept. 1 ~ 20 Jan. 20 
.~ 36 

8 2 18 21 29 

15 3 25 22 Feb. 5 37 

2.2 4 Oct. 2 23 12 

29 5 9 24 19 38 

June 5 6 16 25 26 

12 7 23 26 Mar. ... 
0 39 

19 8 30 27 12 

26 9 Nov. 6 28 19 40 

July 3 10 J_3 29 26 

10 l l 20 30 Apr. 2 41 

i7 12 27 31 9 

24 13 Dec .. 4 32 i6 42 

31 14 ~ . 33 23 .L.l 

Aug. 7 15 18 30 43 

14 16 2.5 34 

21 17 Jan. 1 
1. 

28 18 8 35 

Sept. 4 19 :iS 



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, 197 2, and thE 

magnetic input tape which is different for every management ah:ernative. 

With these inputs the management modE:l calculates new hea.d values 

for all timesteps in the yearly cycle and prints out the deviations of the 

management--calculated water table elevations 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 se lection of specific r easonable 

management alternatives was made by the University and thE- ARS utilizing 

information about the study area and the suggestions of the loca1 people. 

Alternative 1 ·· Two foot reduction of Snake River Water Leveis - - -··-------·-·---------------------·-
The survey que stionnaire of local residents indicated that the possible 

cause of the groundwater table problem was t:he high water level of the 

Snake River. This suggestion was investigated by modeling the Snake River 

at a leve 1 two feet lower than the 197 2 actual level at all points of the river 

during the total yearly cycle, 
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The mcdel run stows a lowering of the maximum wate r table of &.bout 

one foot at one m~"i e. distance from the river and a boLt 0. 5 foot at rwo miles 

distance from the rive!". A contou:r- plot of deviations from t.istorica.i 

maximum wate:r tc::bie ele;ations is shown in Figure 16. Except: for an 

influence strip paralle l to the- Snake Rive r, the calculated ma.x1rncm wa.te r 

table eqc.als ti;_e his:oricai maximum water t:o.b1e. 

Alternative ~- ~ Li~ · n~~~:! all_Q~~&Js 

The dense. network of irrigation carco.ls const::::-ucted in coarse gravel s 

amount to 717 ac:::es of canal with c:m ave ::: age. seepage r atE': of 3. 5 ft j da.y .. 

Seepage amourns tC' .SOi, 500 acre feet or 6. 1 acre feet per ac r E C'?Er t he 

area and is a maJOr cont:r ibuting fa.ctc•:::.- tc the high water table problem , 

This alte-rnc:.rive invci.ves toe lin1ng of c s.na.ls of c-.li i:cr igat ic n d~stricts 

in the Sns.ke Rive ::: Fc:m to de t:erm '..nE. t:t e r ela.Uve contr ibution of cc.rJa.·;_ 

s e epage to the wate r E.ble r isE In the c;_qu"'~ter . A cons ider s.ble 1 we r ing 

of the ma.ximum water tabl6 over the e ntire area as compc:.J:ed ~o t he his ·· 

torical m2.ximum c ccc -- s . Thr ee to four foot: decreases occu r in r t.e 2.:ce2. 

north of the Grec:.t F eeder Cc.naL ln the v ic inity of Rigby the water tE.b.te 

is 10-15 feet lower and ne ar Ririe about 12 feet . F igure 17 is a contour 

plot of devts~tion :::; f:com t is torical m2.x~rnFffi ws.te:.r t 2.ble s <:.nd s he-ws c.le a..:r ly 

the over a ll l ove:-:: :.ng due to t he lining cf c a.n&.ls. Where tte groundwa.te r 

table of the study c;_re2. conne ct s wirh := he regional grm..indwater t c:.h tr-:' of the 

Snake Plain a.quife r , the 'N2.te r ca bie Is 7 fee t tower . Fig ur e :~ 8 is 2. 
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contour plot of deviations from the. minimum historicsJ wa_:f'::: ~able. at the. 

end of the simul_a.Ucn before. the stan of the new in'igat:ion sEason, The 

calculated watE.r t:shte is lower ::han t:he minimum hist:or ~c&.I water ta.ble" 

The elim~_na.tion of seepage represEnts a. 33% reducr:ion of the. t:ota.l diver "" 

sions to the area.. Beca.use of th~ s lc:xge redc.ction therE; ~s less recharge 

to the groundwater ::a.b'ie and ~he wa.te;:r· le·vels a:: the end of the. simLitc:~tivn 

follow part of &. recession curve lower than !:he historical recession curve 

before rising again as a result of the ir~ igat:ion in the next season, This 

lower minimum water table infiu.ences tt.e maximum w.s.r:er table of the 

next year and is invesU.gated in m.::magement altE;rno..t:i-Jes 11 and 13. 

Alternau·,-e 3 ~ Lin~no- of Canals near Ririe 
----~------------ ·--Q._--:;-....._.,;;,_ ___ ,... - -~ ~----· 

The ares. a:rcund thE; Cty of Ririe hc:.s a high wate:c ta.ble proble m , 

partially cause.d by t he seepage of a dense network of irr iga.t'ion cana.ls 

that origlnat:e from the Snake River. To Achieve. i.ccal reLet of ~:he high 

water tablE a.t R:r ir.., a solution m&.y be ::he l ining of s.ll canals nea.r· U:.e 

city; these are ·t.e Ccd•.c:ds in ~:r..e sect ions 32 f oug h 36 of T 4N9 R 40E 

and secrioTis l, 2, 5 ofT 3N, R 40E. 

This alteY>nat ive r e su·· :s in a ca lculated water table that: ts 10 feET 

lower than the histcr ica.l ma.x~mcrn at the loca-=:: :on of RiriE. \Nhile the 

influence of rbe ca.nc:.l Lining s::ret:c.h.F.s oc.t abot.;.t thr C;e> m] t=:s !n 2.ny direc · 

tion. F~gure 19 reprE-Sents a contour pivt of deviations from Lls,_orica.·L 
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ms_ximum w2.ter ra.ble elevations. As can b~ seen the maximcm WE::~e.r table 

elsewhe:ce in the stcdy area_ is not affected by ~:his managemenr: aJ~F::rna.;Jve. 

Alternative 4 ·· Nine, 10 cts wells near Rigby 

The LewisvillE>··Rigby axea. is the primary area whE:rE the water t&.ble 

rises to within a few feet of the land surface cac..sing problems t:o the 

residents. To achieve local relief several sugges~jons werE- made. One 

way to take excess water out of ::he system. is to introduce a ser-ies of 

relief weHs located en a st:r a.ight: line n :;nning west to east one mile north 

of Rigby. For this alternative 9 wells pumping 10 cfs ea.ch are located in 

Sections 12ofT 4N, R 37£, Sections 7 ··12 of T 4N, R 37E, and Sections 

7 and 8 ofT 4N, R 39E respectively. 

In the immed~ate vicin:r:y cf t:he we.lls the maximurn. wa;~er ·~able is 

effectively lower·ed between 5 &nd 7 fe.er. k: one miie chstance f:com the 

wells t:he water ta.ble is <:pp:rox::.m&.tely 2. 7 feet [ower.. No o.ppreciable 

decline is observed in ~~ )-;e area_ more than three mile s away fxorL the 

wells. Figure 20 is a contour plot of deviations from ~he historical maxi<> 

mum water t<ible elevations. This a.lternc:.tive- resu'it:s in a 2. 3 feet: lc,wer ··· 

ing of the max·mum water table in the Cit:y of R:l.gby. 
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Alternatives 5 c:tnd 6 ~~.Twen._~· and forty__s;_!s ~ells ~~~--~gEX 

Every ye-&.-;: in the middle of tr.:.f' irrigation season a gr a"i--e-1 pit: situated 

1 mile west: of Rigby ;_s Elied by thE: :rising g::-mmdwa.ter tab-if::. To reliEve 

the high water table problem ~n the City of Rigby, a. 5 cfs capaci+:y pc.mp 

was installed at the site of ~:he grave-l pit. However, with t:h1s capacity nc1 

noticeable 1owe:riQ.g of the w&..ter table in the gravel pit could be achif.:.'i E':d. 

In order to determime ~he required ca.pacit:ies scffic ient to obtain a noticeable 

drawdown, two ~?.lternar:ives were rcn involving the introduction of a 20 cfs 

and 40 cfs drair:age well respective-~y . 

The model run with ~:he 20 cfs weil shows <in effecti'rF.. lowering of rhe 

water table. c.f 7 t ':.. below the historical water table in the imme-diate 

vicinity of the we n . One mile away from the well (Rigby) the wa::.E ~~ table 

is oniy 2 fL lo'.ilrer than the. his~:or~c&.l maximum. A 40 cfs wf,ll lowers the 

water t:a.ble effectJvely 14 fee t below the historical rr1ax~murn water· t c;_blE in 

the immediate vicinity of t he well and 4 feet a": d1e cen~er c:.f R~_gby.. The:Se 

two runs confir m. the addi::ivity of the computed well drawdowns, F~gcre 

21 is a. contour plot: of deviat i.ons from the historical m axim um water table 

for the 40 cfs c2.padty we lL 

Al~nativ~Z- - F our 10 cf~._wells no.~theast ?f Rigby 

Another poss ib'i~ m.ethod of low<:oring the wa.te:r tablE; &.t R:gby was 

considered whi.c h invo ·vt:os :·:he insta llation of four draJna.gF.: we.Hs of 10 cfs 
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capacity each located north and east of Rigby in the sections 7? 8? 17 and 

20ofT 4N , R 39E. 

Compared to the historical maximum water table,, the water table at 

the well sites is effectively lower 5 feet. In Rigby the decrea.se is 3 fef;L 

A contour plot of devia.t:ions from t~storical maximum water table Ele7a.·· 

tions is shown in Figure 22. Excep:: for the area around the City of Rigby 

the maximum water table elsewhere is not affected by this manage:mE:nt 

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 pc;_rt of the area with high water table problems.. Local 

residents think that the seepage from tb.e Burgess Canal might be causing 

the water table prcbiems. In fact? local government: officials contemplated 

suing the Burgess Cana.l Company for causing the high water ta.ble proble m. 

Apart from legalities involved it is important to investigate t his 

opinion. Alternative B suggests the lining of the main stem of the Bu.rgess 

Canal while other ca.nal s remain unchanged" The lining of the Bur gF;s s 

r e presems an 11% reduction of total seepage from irr~gation canals in t:he 

study area. 
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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 cana."l 

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 foot decrease in 

maximum water table elevation. Elsewhere no loweri.ng of the maximum 

water table is observed, Figure 23 is a contour plot of deviations from 

historical maximum water table elevations resulting from lining t:he 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 pr oposed for the area. in the past and one land r e clamation project 

using open drains has been constructed. Since this proposal :LS r egarded by 

many as one of the teasible solutions, the model was run wit h a drain 

installed at a level approximately 4. 2 feet be low t he maximum wacer table 

elevation. The dra in extends from Rigby 4 mile s in a wes terly direction. 

The assumption is made that the drain is installed in the most E-fficie nt 

way so that the rising water t able will intersect the drain over t he whole 

length at approximately the same time. The drain operat e s as a cor1s t:ant 

hea.d 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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The modf; i run ar ·: t.E 1ocaUon ef rb.e drain shows b. "i c.w.;::r ing of the 

maximum watFr ':ablE. cf 4" 2 feet a7erEgE:. At one m~.le disr:ance.: frem the 

dratn r:he average. decrease is L 0 feer and 2.t Rigby ; he drain results in a 

3. 1 foot lowering of ::he max:lmt..m wa.t:er t:c:.bie. At a dist:s.nce. cl 3 rnrie:s 

from the drain ne lower:ng of •:tf- water r:sble ~s observed" Deviar~ons from 

histori.cal ma.ximcm wa.rer r.;b1e eleva _ic•ns as 2. result ott he dr·ain ar e shown 

in Figure 24" F~g ""'"e 25 cornp2XE:S rne hyd::-·og::::aph of ;::;. we l a: ·: nf:c dr;:;_~n site 

for the historical 197 2 se&.son with the water ta.ble le;reis ca.lct lat:ed e.~: the 

same lccat ion w~th the d:r·ain installed. 

Alternative iO · · Thi.rt y percent t edFcrion in net clivers~.ons 
----·---·-· ·~--~ - .. --~---;:__-~' ,.... ... 

The high' ,_Na.~:er :.:sble p1'cb1t:m is prima.rily c2.Lsed by rhf: excessivE: 

amount of water appred to the s tudy area. Nearly all ws.ter a.ppLed 

originates o.S ir:dgat::on divErsions f::::om sc·m P 20 ir:r iga :ion d is :ricrso 

The total net diversior, (gros~' di'!f.::r sion m~nlis re.t:urn flow) ;;.moc..nted tc• c:m 

average of :1 3" 8 a.c:re tF£t per c;ccre in 1972" Of that a mounr 60 i acre fe t 

was seepage from the. ;rriga.•·ion canals, The ne~.: irrigat ion applicaU.en is 

7. 7 acre feet: per acre" This a terr at:ive ·nvolves a 3C'Y% reduction Gf rt_e 

net diversions for- all i:!: :~,:igatic·n d':st:~' ict s. Assurn~ng rh2;! t he. se:e.page 

(6. l feet) frcm t he ir r !gar:1on canal s r ema_in s t he sarnc-;, the 30 % :.--cdcc:icn 

of the net diversion c auses 2. 52% redcc .ion of net irrigation c.:.ppLca:Jon 

from 7, 7 t:o 30 6 acre feet per a. ere, 
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A decisive de.cl :ne of tte m a.x' mum wat(:o:.:: tc:.b"ie ele'I8Xl m U!f:.l.' the entire 

area is observed.. The wate::::-, ~ab"ie. nort of the Great: Feedf;:r ~s 3 1:C· 7 feet 

lower than the h :stcric;:J m&x~_mum . Arc-ur.td the C i.t y of Rigby t hE:. w-a.~e~· 

table is lO ·· :.3 i:e.et lc1Wer a.r1d ri P2.:~ Ririe &.t·c,v: 8 fee t ((:;we:r.. Whe:re tte 

groundwater :able. cor.nects w .i t h the. r -:giona gr cundwa te:-:- tt:.bl e of t __ e Sna.ke 

River Plain a 9 tc 12 fcot: d .cr e a se _. s obse::-ved. F ig ·re 26 : E: a cor;t -r 

plot of dev~.at:l.on s f:t::orn hls•·orka l maxim m wat:er tab· ~ elf-;- Tat :!.or.s, Figure 

27 is a contour r-'ic;: of de.v:e.:c: ions fr on1. t !-1e hist rical m inimum wat er tc:.ble 

as it occurs at the E-:nd cf t he s i.mll ...,Lo!l before. tbe start f iJ:c r.P.w 'r:ciga 

tion season (Ma.y .:i ) .. Tb.e. calcu 8.ted rr~in ~mcTn \Nat er t able ~s lc'wer because 

with a 30%, reduct ion in no: df:versions there is le s s recharge to the gr ound .. 

water tablE;, As was thE case i. managemen.·_ alter attve 2, wate:..:- leve-ls a.:~ 

the end cf the simulat ioL ::. ntersect ~< t:f_c:, f>isto:dca1 re t=::S E.ion cur•(~ ;;_t a 

lower le~1el befor e rL1 ng again as ;~'- ::'E-Scd of t e irr 1gaLon l H ·~hp, next 

season. 

Alternati~e 11 ·= T~enty pere:e-;nt r educUon in eel: divers io . 

Whe:thr:T a smaller redltction of ne~ diiersion would al5o yield 5atis·· 

facto:!:"y results wa s l.nve;sUg at ,d in this m anagement B.lterr1 .t.ive. ·whi ch 

involve s c_ 20% reduction in the net div .rsion, again assum i g t.hat the 

seepc;_ge losses :r e ma in t he same, T h' s r e s 1t in a 35% ::eduction of nel: 

irrigari.on applic&.t:i on fro 7 . 7 to 5. 2 acre feet pe:-- .. cr ?'; .. 
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A consider .. able decline of the maximum wate:::: table ove:::· rhe emire aree 

is evident. The a:cea north of the Grea.t Feeder a;Jeragcs a 2 w 5 ft. deer -ase 

from the maximum water table. Around the City of Rigby ~he maximum water 

table is 8 ··· 9 feet lower and nea:c Ririe about 6 feet. WherE the groc.rtdwater 

table connects with the regional groc.ndwat:er t&ble of the Sneke RiVE!' Plain" 

a lowering of the maximum wate:::: tabie berween 6 and 8 feer occt.:xs. FigtirE 

28 is a. contour plot of deviations from maximum h~ sto:rkal warcr table 

elevations and shows ciearly rhe ove:rall lowering of tbe maximum wa::~: e:::: 

table. Figure 29 :represents deviar>ions from histories.!. minimum water table 

and shows lower water table elevations as a resu:lt: of rhe lower :ceces~ion 

curve. The mode"i was n :n for 5 conse:cut:ive years with a 20% reducUon in 

net diversion to determine thF. effec~ of lower water tables a;:: the beginning 

of each season on tb.e maximum and m inimum w&re- rab"le e levations. At·er 

5 years the maximum water table declines to an equilibrium value which is 

less than one foe~: below ~he value 2.t the end of one year. It then rem.s~ins 

essentially in cor;,sr.ant equilibrium wit h the reduced inpu: t o r.he aqu:ite:c. 

Al£_ernative 12 ·-=· Spr ·~~~~r _lr-rigation 

Cons.ider ing the gene.ral soil type c:.nd topography condit ion in t he s t udy 

area, the most efficient type of irrigat ion for the .._ nake ~iver Fan ls 

sprinkler irrigationo A simulation run was made in whic h the entire area 

is i_rrigat:ed with sprinkle:c s with a 70% efficiency fa.ctor. A c:·i.osed deUve':'y 

system is assumed so t:h8.t: comreyc:mce iosses are eliminated. T he a~rerage. 
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the inflow from the Snake Rive::::, G:re.iit Feeder and some valley subsurface 

flow equals t:he flow out of t:he area to the regional ground\A/at r tabLe. of the. 

Snake River Plain. To determine the depletion curve and the e.quilib::rium 

water table of the. Snake River Fan, a simulation run was made J.n which 

after one season the only input ::o the area is seepage from t.he. Sno.ke Ri.ve:c 

and the Great Feeder CanaL 

The equilibr~cm water r:able is reached at a level averaging 5 fee;~ 

below the histori.cal minimum in t:t:e area around Rigby and 5 to 6 feet: in 

the area north of t:he Great Feeder, In the vicinity of Ririe the minimum 

water table is 5 feet lower &nd where the local water table connecr:s with 

the regional groundw&.r:er ~:able of r.:he Snake River Plain, the levels a.re. 6 

to 7 feet lower. Since this bc.undar y 1Jirith the Snake River Plai.n aqu:Her ls 

influenced not: only by rhe flow regime in the study area_, but a.lso, in a 

lesser degree, the minimurr; cakulated water table my be cor.sen.rat:ive by 

regional groundwater levels . 

Figure 32 shows beh2,1ior of a representative well in t he s tudy area 

for the 1972 s eason and t he computed recest:'ion curve and eqr;iUhdum 

water leve l resulting from a cessation of irrigat ion afte r ne year. 
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DISCUSSION AND CONCLUSIONS 

High water table or sub·-,wster conditions in the Rigby~ Rir~.e area of 

the Snake Ri'Jer Fan a:r·e caused by excessive input to thE. g- avel aquifero 

The m<ijor sou:::-ces of the inpct: o..re ir::cigo:tion applica.tior\, c:s.nal s eE::pq,ge. 

losses and Snake River iosses. Ir::~ig ation diversions ~:o 1:he area arf; 

, •"Y' ~ ·~ . cb~- "T' 0 2 ~fjr. ,r·;·· '''' d. - -· d ·•3 -.; ···fj··--r f· . ·.'h · 4

(}"'7') lnC_,_easj_ng a Uli. ". c ctCic yeaX o.Yl average 1 . 1. r:. o.C~e Or Lf' l7t"" 

May tr!Tough September irTigation season &.s repo::ted in W &J:Er DistL~c~: 1 

records and 17. 0 afjir::::'igated a.cre as measured over the May~November 

period. With t his trend, h~gh water tables have been and are c:ontinu~.ng 

to become progressively worse. Damage ~:o :::-ural and c.rban lands is 

significant as indicated by a maU survey in which darna.ges in excess of 

$25, 000 per yea:c WE-re repor ted. Irrigation diversions ar e higher ths.n 

average for Idaho B.nd transrr.ission losses for the dense r:etwo:r k d canai 2 

and the Great Feeder C&.rt2.l a.pproach 40 pe:r·cent: of ;:he gr OS F, diversion 

and contributes 49 pe:rcent: of the inpuT t:c the aquifer. Above average f;::.;_:r m 

applications and the absence of na'!:ural or artificial surface drainage 

facilities makes a lmost all of t:he excess of far m applicat ion over evapo---

tra.nspi:r ation effective in recharging t he aquifer. High infih:ration rates 

necessitate large farm stream sizes; however , long run lengths and 

uneven leveling of borders contribute to uneven water distributwn and 

decreased ir::' igc..tion efficiency, 
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The digiral model develcped m seedy u~~e effecr:s d wat:er m an,'lge rnent 

changes on Ute aqu:;Jer accurately ]Jredicts sea.sonal aquifer responsE. Tl!E­

calibration routine is effect iVE'; in sysrematically a.dj s:: ing geo hydrologic 

paramerers ~:o fit: historical '..V&ter ta.ble :esponses 8X!.d is especially ltSAful 

where geohydroluglC darc, is lacking" Verification of the m c.del using 197 2 

data provided a slmlilation of the max::mcm water table rise over the aquife:::­

wirh a srar..dard deviation cf L 25 fL Th:s is ccnsidered more •han sufficient 

for planning ptaposes and coLld no:.: 1-..ave been ach.ieved us ing ~.rial and e:rro::: 

calibration procedureso Oper&.tion of :~he model ·r!2S p:coved v ~·ry flE;xl.ble in 

evaluating &.quifer r esponse r.o chRnges in wate:~ managemem '" 

Resul: s of t:he mana.gF.crnrm: s:;· .d ies on t: he aquifer indicate t hat: reason .. 

able changes in management of t he Sn.skfo River to decr e ase rhe ri'ver sta.ge 

would not apprec iably affect t he m axi m rn us e of the aqu;Jc r and would ncr 

re-medy the high wacer table proble m in rhe Rigby area. Elimination of 

transmission 'tos::.ies by lining of all a na ls would reduc : th maxi.m Lm 

water table r ise. Local r elief m ay also be achieved by w ~ n or weil i ield 

operation; however, the quantit ie s which m ust be pumped to a"lneve sigrdJi ·' 

cant lowering of the water 1a b1e 9Xe large and operation m d.y no•. be 

economically fea s ibleo C nstruction of an open drain nea:r Rigby a s hc:s 

been proposed by local res idents could lower rhe water rable at Rtgby by 

as much as 3 feeL Any drain constructed would nece ·sarily b E- large 

bec2.use of the gravelly substrata a.nd depi:h requir e ci t o a c hieve s1.gnific.snt 
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lowering of rhe wa~er table. It ~s est:ms~·ed that to &.chieve the 3 foot reduc= 

tion in water t:ab'te height 2~: Rigby t:hsJ E 100 cfs drain wocid bE r·equir Ed 

with an inve:cr depth of 1.2 to 14 fe7;t below ground scxfacFo 

The use of well and dr ai_ns ro remove water f ::::-cm t:hE aquifer f o allev i ·· 

ate the high w2.ter table problem are. treatments of the sym.pro rm:: a.nd not 

the main causes of the problE-m. Tbe most fea.sib1e !:::'C•lurion :.s t:c1 :~ edL.cF: 

inputs to the aquifer ., namely deep percolation from irrigation 2.nd can&.'i 

losses. 

A 20fo reduction c·f the nEt irrigation dive-- sian to :.h.e area would 

correct the high water table problem in both ~: he Rigby a.nd Ri.:riE R.n:as. 

Implementation c f this reducUon could be achjevE:'.d E-ither by sysr f-TD. ccr..· · 

solidation tc :r:educe cana l seepagE, canal_ lining of specific r a ches of 

canals or decrea.sing on farm wat:e:(· use. Tbose par ·s of th.e area wit 

shallow solls and high irtfiln a~ i.or. r a r:e s are most: ame.na ble t s prinkler 

ir r igation and conver s ion to closed system sprinkler ir ·igaU.or. for aJl c~x 

part of the are a would solve the h"~gh water table problem . MinimL.tm wa.te:c 

table e iEvations ur.:.de r any a.l t:ernati'Je studie d :;_ye n t s ufficie nt ly decxe.as e:d 

to jeopardize domest:c well •Nater supplies. The long term recession 

curve with :ze ro input from irrlg a:::ion 'indicates a lowering of the m inimum 

water t a ble of c,nly 5 to 6 feeL 
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Implementation of any alte:!::'naJive to alle•nate t: he. high W.9..tE:r tablE 

problem in the srudy <:.:r ea w~.ll depend on the wilEngr.ess of residents to 

cooperatively undertake a program a.nd em the repaymen~ ca.pacit:y of the 

community ro finance any venture" Fur .her s!:udies Linde.rway by •:he. Uni, , 

versity will evaluatE: these factors and de:t:erminf: cost:s en alt .rnative watEr 

management programs" 
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