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ABSTRACT 

A water managemen~ study to include a complete water budget of the 
irrigated area of the Snake River fan in eastern Idaho was initiated in 
May 1970. The study was initiated to develop alternate management 
solutions to the increasing high water· table problem causing inconvenien·:::e 
and financial hardships to local residents and to develop methods of 
solving regional groundwater pYoblems. Water levels in wells raise as 
much as 40 feet during the irrigation season . 

A mathematical model •:;f the g·c·avel aquifer was developed utilizing 
alternating direc~ion implic it procedures for finite difference solutions 
to the basic flow equations. Data on water table fluctuation, soils, crop 
distribution, irrigation diversions) distribution system losses and wastes 
evapotranspiration, and irrigation p:cac.tices \vere obtained for input to 
the model. 

A dense network of canals with seepage rates averaging 3.5 cubic feet 
per square foot per day, irrigated soils with high infiltration rates, and 
in some cases inefficien~ irrigation practices (!Ontribute to diversions for 
irrigation significantly in excess of the state average. In 1970 the net 
diversion from the Snake River \vas 16.5 acre feet per irrigated acre and 
the net irrigation application \vas 9 , 6 acre feet per acre for the entire 
irrigation season. 

Continuing studies a:r:·e underway to evaluate the response of the aquifer 
due to changes in inputs caused by canal lining or consolidation, drainage 
systems, and changes in water management procedures. 

BROCKWAY, C. E.; BONDURANT, J . A. ; and WORSTELL, R. V. 

"Systems Analysis of Irrigation \vater Management in Eastern Idaho." 
Progress Report No . 1 Univer·sity of Idaho Engineering Experiment 
Station. August 1971. 
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INTRODUCTION 

In compliance with the work outline contained in the recent cont;:act 

between the Idaho Department of Hater Administration and the University of 

Idaho and in cooperation with the Agricultural Research Service, USDA , 

the research study on water use was begun in the Rigby-Ririe area of the 

upper Snake River Basin about May 1, 1970 . Concern for the high wate~ 

table problems being experienced in this area resulted in the formation within 

Jeffe·rson Councy of a sub-water committee to investigate possible causes and 

solutions to the problem. This committee has been very cooperative -.;vith the 

University and the Agricultural Research Service in formulating procedures 

for data collection and in securing some field data. The County Commissioners 

of Jefferson County also have been cooperative and have supplied at the county 

court house an office for the full-time field man presently working in the 

area. Meetings have been held with the Jefferson County Commissioners and 

with the members of the Great Feeder Canal Board under whose jurisdiction 

a majority of the irrigation water is delivered to this area. Good cooperation 

has been received from the local farmers in ·che area and f:com the government: 

agencies involved. 

OBJECTIVES 

Recognizing that the problem of high groundwater tables and dr-ainage 

that exists in the Rigby-Ririe area is typical also of other areas in the 

State of Idaho and because of the known high rates of irrigation diver·sions 

to this area, this project area affords an excellent opportunity to study 

various aspects of water management in ir·rigation distribution systems . 



Therefore, the objectives of this study were 1) t:o develop procedures for 

analyzing regional water management problems 2) to develop and evaluate 

alternate management solutions for water table cont:rol, 3) to develop 

procedures for scheduling irrigation water deliveries to multiple canal 

companies and districts. 

STUDY AREA 

The water management study area as shown in Figure 1 is located in 

Jefferson and Bonneville counties in Townships 3, 4, and 5N and Ranges 37 

through 40E of the Boise Meridian. The area selected for study comprises 

approximately 100,500 acres. The city of Rigby, Idaho lies in approximately 

the center of the study area and is the county seat of Jefferson County. 

2 

Other communites in the area are Lewisville, in the western part of the area; 

Menan and Lorenzo in the northern part of the area; and the city of Ririe in 

the eastern part. This area which is an old alluvial fan from the Snake River 

is served by an irrigation system \vhich was developed in the late 1800's by 

private and cooperative groups. A former channel of the Snake River runs 

east and west through the area and is used as a canal for the greater part of 

its length. This canal, referred to as the Great Feeder Canal, delivers water 

to some twenty smaller canals each one operated by a separate and independent 

canal company or irrigation district. The lands served by canals from the 

Great. Feeder system and other canals diverting directly out of the Snake River 

have some of the earliest water rights in the upper Snake River Basin. As a 

result of these early water rights, water for irrigation has generally not been 

in scarce supply. With the construction of the Palisades Dam and reservoir in 

1954 by the u. S. Bureau of Reclamation new storage rights purchased by the 

individual canal companies have firmed up the irrigation water supply so that 

a shortage of water is not likely to occur. 
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The soils of the area are generally quite coarse, varying in texture 

from east to west along the alluvial fan. The material from which the 

irrigation canals are excavated is generally rocky and quite permeable 

especially in the upper areas of the. fan. Diversions from the individual 

canals to farm ditches are seldom measured; however on many of the farm 

turnouts there are or have been meter gates or other measuring devices. 

It appears that at this time these devices are not being used for water 

measurement. 

Crops grown in the area are alfalfa, small grains, potatoes, and 

pasture. The size of individual farms is lower than the average for the 

state and it is estimated that some 30% of the farm owners are part-time 

farmers and supplement their income with non~farm work. Border irrigation 

is practiced quite extensively with large inflow streams being used. The 

canals and laterals of the delivery systems are generally checked up as high 

as possible to allow for maximum farm diversions. 

WATER SUPPLY 

All of the irrigated lands in the study area are served from the Snake 

River with water rights dating as early as June 1880. The majority of the 

area is served by irrigation canals diverting from the Great Feeder Canal 

which serves as a by-pass for the Snake River main stream and generally 

runs continuously. Management of deliveries to the smaller independent 

canals is the responsibility of a cooperative group called the Great Feeder 

Board. 

Historical diversions to the area are recorded in the reports of the 

watermaster for Water District 36 of the State of Idaho commencing in 1919 

through the present. Some canals serve lands in the study area as well as 

4 
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land south of the area. A list of canals diverting f::- .:>m the Snake River and 

Great Feeder is contained in Appendix 1. Figure 2 shows the annual diversions 

for all canals for the period 1919 through 1970 and a mass curve of a~cumulated 

discharges for the same period. The area irrigated under these ~anals, as 

indicated in the District 36 records, has not increased significantly over 

the period so that the trend of increase in total diversions is indicative 

of the trend in total diversion per acre. Several in8reases in slope of 

the mass curve can be seen after dry periods such as 1931-1935 and also 

after the Palisades Reservoir became operationaL 

Total diversions . per acre for the period 1 May to 30 September have 

increased over the. period and were 10.2 af/acre in 1969 , On some canals, 

diversions were made in October and November ~vhich are not recorded in 

District 36 records. 

CLIMATE 

The Rigby-Ririe area of Jefferson County lies in the climatological 

area known as the Upper Snake River Plains with moderately warm summers 

and rather sever·e winters . Temperatures aver·age about: 68"F in July and 

l7°F in January and O"F temperatures or lower generally occur for at least 

16 days each year. 

The growing season averages 123 days in duration and the grmving degree 

days above 40°F average 3710 degree days . 

Precipitation averages 8.7 inches with 25% occurring in May and June and 

sunshine averages from 80 to 85% of possible in July-September . Average 

windspeeds, generally from the south-southwest range from 10-15 miles per 

hour with high winds of 40-45 miles per hour occurring most often in April. 
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SOILS 

Agricultur-al soils of the Snake River Fan are dominated by medium 

texture soils as found on fans and stream bottom lands. This soil group 

is identified as Group A in a r·ecent soil survey by the U , S. Department: 

of Agriculture Soil Conservation Service. Approximate locations ot the 

soil association in the study area are shown in Figure 3, 

The A2 association primarily in the lower elevations of the northwest 

section of the fan comprises some of the better ::::rop land and ::onsists of 

silt and clay learns of 40 ··60 inches depth unde:clain by sand and gr·avel. 

The available water holding capacity r·anges from 3.5 t:o 13 inches and 

averages about 10 inches. These soils are moderately well drained and 

are presently utilized as cropland. 

In the southern part of the study area and extending into Bonneville 

County the soils are primarily of the A3 association consisting of the 

Bock and Bannock loam series . These soils are well drained with water 

holding capacities from 4 to 10 inches and depths of 20-60 inches over sand 

and gravel. In some areas top soils contain from 0 to 50 percent gravels . 

The northeast part of the study area just south of t:he Snake River is 

classified as soil group A4 consisting primarily of the Blackfoot silt loam. 

These soils are well drained with depths generally trom 20 to 60 inches above 

sand and gravel however one soil comprising about 15 per·cent oi the area is 

very shallow with depths of 5 to 20 inches. Most of the soils a r e cropped 

with the gravelly soils being used tor pasture production . 

A soil group C4 overlies the Le·wisville Knolls area and is pr-esently 

used only for range and wildlife . Water holding capacities are low, LO to 

6.5 inches, and depths are 10 to 40 inches above basalt bedrock, 

7 



I 8 
1'11 <( 0 
LLI w I '-:Z '~ 
(t; 0::: <{ 
::J ; <{ 0 
(.!) 

fL: 
>--
0 >-~ 

:::::> I-
I- z 
(J) :::::> 

0 >- 0... 

u 1- 4; 

z ~ 

I- ui ::> 
0 z z 0 u (/) 

<it ..J w 0 2 w 0 
(J) _j (/) 

w 0::: 
_j 

(.9 > ..J w w <[ 

<{ z ll:: 
lL ~..l.. z w z lL 0 z 

<{ :0~ m w 
LtJ (!) 

?: -·) c_,C5 

& 
0::: I 
LI.J ~ 

~ 
5: 

'It 
<[ 

ui 
al 

"' 0:: C\.1 
<[ 

I i 
I I 
l I 
I I~ 
I ~~ 

=h__j u.i ,_ 
"' 0:: ~3AI~ 3>t'o'NS 

AlNnO~ NOS~3~~3r 



All of the soils with the exception of the C4 group are mainly of 

Class II or III capability for irrigated agrictill ture " 

CROPS 

Crop distribution throughout the study area is nearly uniform and 

U. S. Bureau of Reclamation reports for 1969 from irrigation districts 

comprising about 32,600 acres indicate the following distribution , 

IRRIGATION PRACTICES 

Mixed Grains 

Alfalfa hay 

Irrigated Pasture 

Potatoes 

Other 

31.2% 

27 . 6% 

7.3% 

31. 4% 

2 . 5% 

Border irrigation is used extensively on grains, alfalfa and pasture. 

Large stream sizes are prevalent wi th turnouts from the canals regulated 

in most cases by individual farmers , Large siphon tubes are used f or 

border irrigation and overnight sets ar·e not uncommon. 

9 

Irrigation practice on three potato fie l ds and two bordered grain fie lds 

was evaluated in 1970 . Test results show t h at intake rates are very h igh. 

Border irrigation of grai ns resulted in 12 to 15 inches of water being appli ed 

to irrigate a 1300 ft . run . Many fields are longer than this and str eams 

used were as much as could be held in the border. Overnite irrigation with 

reduced stream size can result in almost twice this application while the 

soil profile will hold only 5 inches of water. 

Furrow irrigation of potatoes was about 50% efficient for a 2" i rrigation 

on 1000 ft. furrows early in the season where the wheel compacted fu r row was 

used. Use of non-compacted rows ear l y in the season gave about 20% efficiency . 



Later in the season the vines fall int;:;, the rows and im.:ake :cates increas ::.. 

Str·eam sizes used ·ranged f:com 10 to 80 gpm, Wheel ::ompaction at: the right 

soil moisture can be very effective in reducing the intake rate of these 

soils. Nearly all fields could benefit from more leveling and the high 

intake rates measured indicate that this area would benefit from sprinkler 

irrigation. 

The water master's records and spot field checking reveal that most 

canal companies in the study area ar·e diverting at a rate greater than 

decreed rights. This occurs about one-halt or the lrtiga·cion season . 

Canal management by the watermasters is lax. On most canals diversions 

are made at will by the farmers and canal check dams are operated by the 

farmer instead of the ditch rider. The prevailing attitude seems to be 

that the ditch rider's job is to keep the canal full regardless of what 

water rights exist . 

SYSTEM SIMULATION 

Modeling 

10 

In order to efficiently detennine and evaluate the alte!native solutions 

for relieving the high groundw·ater table, a method of predicting the response 

of the aquifer to var'ying degrees of: change in the input and output is 

necessary, Analytical solutions to the basic flow equations are not applic

able because of the complexity of the hydrogeologic system, varying bounda.:-y 

conditions and high degree of simplification needed to secure a solution. 

Analog models of the resistance-capacitance type would suffice. However, 

construction of an analog is costly and the size and flexibility required 

for this study would be difficult to achieve. 
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The availability of large digital computers and new finite difference 

techniques for solving the flow equations make a digital model most feasible , 

The General Electric time-share unit in Los Angeles is available th:cough the 

terminal at the Snake River Research Center and access is available to the 

large IBM 360-75 system of the Atomic Energy Commission in Idaho F'alls " 

The model being designed describes the response of the aquifer due to 

a wide range of conditions, It is general enough to be applied to other 

aquifers and ar·eas and will accommodate non-homogenous and anisot:cop i :. 

aquifers o All boundary c onditions no:nnally enc ::nmtered c:an be handled , 

Inputs w the modeled area include precipitation, canal seepage, irrigation 

application, river losses, or· drainage well inputs " Output includes crop 

evapotranspiration, pumped ~vell discharges, natural spring discharges and 

aquifer leakage. 
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Mathematical Theory 

The basic equation for non-steady flow in an unconfined aquifer 

when we assume water as an ideal incompressible fluid is: 

a 
ax 

l K ah \ a {K . a h) . a 
\ (x,y,z) ax) + ay ~ (x,y,z) ay T az (

K ah) (x,y,z) az. 

where K hydraulic conductivity L/T 

h piezometric head L 

S storage coefficien~ dimensionless 

b satu:cated aquifer thickness L 

W volume flux per unit area L/T 

Since b is variable wi~h place and time we can write: 

-.;..rhere Tcx,y,z,t) 

and: 

a (Tcx,y,z,tl a~)+ 
dX ax . 

T· ) (x,y,z,t b K(x,y,z) 

aquifer transmissibility 

a 
ay 

/T. .· 
\ (x,y,z,t) 

'· 

s 
b 

(1) 

~+!!_ ( ) at b x,y, z,t, 

(2 ) 

ah)"" s ~-+· w 
az at (x ,y, z,t) 

This general equation can be reduced to a more simple approximate 

equation which is easier to solve mathematically if -.;..re assume that 

vertical velocities in the aquifer ar·e small compared to ho:dzont:!il 

velocities 



This means chat Clh can be dis:cegar ded with respes:t to ah and 
az ax 

3h 
ay and implies that the head can be :::·Jnsidered to be ::onstant ove·.c· the 

height of aquifer .. This is a ctually the Dupuit-F'orchheimer assumption 

which is a valid approximation if the gradient. of the water table is small. 

If the drawdown does not -::hange s i gnific<:.nt ly in relation to the saturated 

thickness of the aquifer it is possible t~ consider T(x,y,t) (;onstant 

after.' computing an initial T as a sta .::ting v alue .. 

a 
ax 

If chese assumptions are val id , equation (2) reduces to: 

d 
ay 

s 3h 
at ;- w<. .) x,y,t o 

This equation (;an be s b red by using a finite difference s.::heme, If a 

(3) 

rectangular g :dd is supe·c-imp;:;sed on a ·plan view of the aquifer the equation, 

utilizing the transmissibiliry half-way between two grid points, leads to: 

(hi .. 1 .. k -hi 0 k) T , J~ ,J, (
h 1 . k h .. . k) i- ,J. - l,J. 

+ + 

s (h. 0 k h .. " k .,) -- l J - l J -.l 6t • • • ' 

where, i denotes x direct.ion 

j denoces y d1r ection 

k denotes time dimension 

In the finite difference model being designed it is possible to change t h e 

value of T at each n~de ah:e!' each time step thereby modeling che r·eal 

sit.uation more closely .. For an un:..:onfined aquifer 

Ti~j,k 1 i, j ,k-l bi , j,k/ bi,j,k-1 

and for a confi ned ilqt:.i fer· T i s held ;:onstant , 

13 



A r:echnique developed by Peaceman and Rachford 1 and used by Pinder, 2 

termed the alternating direction impli::ir: (ADI) p:cocedure, enhances the 

convergence of the solution 'C.'J ·che set of equations and allows mote 

flexibility in the selection of time steps to be used . 

Sources 

The sou:t:ce term, Wtx,y~t), can be written as follows: 

W(x,y,r:) 

+ ae 
d~ 

·ivhe:ce: Ql 

Qs 

-Q
1 

(x,y,t) - q8 (x,y,t) - PE l x ,y,t) + E (x,y,t) 

z + Pu ,. > Q . .\ t: . lX.y,t: ~ . lX 1 Y1 'C.1 
L 

- input due 1;:() i r .d gati:Jn f1t: each node during the 

increment (K-l.; tG Ko L/T 

- input due 'r' -· ~ 
-.J :;anal seepage at eae:h node for time 

increment (K-lJ to K. L/ T 

p :ce c:ip i·c at: ion 

e vapor: :cans pi Uit ion L;T . 

time 

8 av g . wa ter content of soil in feet per foot of soil profile. 

z depth of soil p r ofile 

PU ou.tpu!. o t.' input due tu a well at each node for time 

increment K-1 to K. L/ T 

Q1 - input o::: out:put due to a leaky aquifero L/T 

The c anal seepage te:cm q8 ::an be expressed as 

Gs (x,y,t) As (x,y , t) ls (x,y , t) 

whe:ce: As (x,y,t) ;::: total \vet ted area of canal cross sec tion at time i:. 

Ls (x,y,t) seepage rate in cubie: feet per square foot per day 

at ti.me L 
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Since the normal operating procedure for canals in the s tudy area is 

to maintain water levels as near maximum as possible the change in wetted 

area with time is small and A
8 

becomes a function of x and y only. 

Functional relationships between the canal seepage rate and depth to water 

table require knowledge of the vertical hydraulic conductivity in the 

aquifer and would be difficult to determine. Since little data is 

available on K values and several measurements of IS in canals throughout 

the area hav e been made, IS (i, j) is read in as an array ancl th e va lu2s 

changed with time if necessary. Discharge from the aquifer into surface 

channels can be treated as negative canal seepage. 

Pumping, PU(x,y,t), precipitation PE(x,y,t), evapotranspiration 

E (x,y,t) and irrigation Q
1

(x,y,t) are computed as a volume per mesh-

surface and per unit of time for each grid point for each time. The term 

ae 
at 

2t may or may not be significant depending on the value of 2t. 

Values for 8 at the beginning of the irrigation season (t = 0), can be 

estimated or measured. During the irrigation season 8 will increase to 

a certain value around which it alternates, depending on irrigation practices 

(Figure 4). 

e :overage moisture I 
content in feet 
per foot of 
soil profile 

e.------

t= tc 
ir 

Figure 4 Simplified Soil Moisture Variation 

ir ir 
TIME 



At some time, t t , the term 
c 

38 
3t 

2
t becomes insignificant if the 

16 

fluctuations of e about the average moisture content, e , are not large. 
e 

t.T = is function of e porosity, 
z 

and the rate of t - t a o' t, 
c 0 

water supply. If zt is small, t.T will be small and the change in storage 

may be neglected. However, if zt is large this term could have a 

significant damping effect on the rise of the water table and therefore 

influence the time response of the water table in the region. 

---- ---------
PHI(I,J) = Hyd. head of aquifer 

PSI(I,J)=Hyd. head of confining 
Ioyer 

Figure 5. Schematic Diagram of Leaky Aquifer 



If input to or output fr·::~m an un.:c~nrined aquifer from underlying strata 

is constant with time at ea.:h n::;de then. QL for each node can be read 

in as an a·cr·ay . If leakage is var·iable and dependent on the difference 

of head in the confining layer and aquifer the problem becomes more complex. 

This leaky aquifer situation is depicted in Figure 5 . Because of the large 

area and scarcity of deep wells it is not possible to measure the head in 

the confining stratum at each node . However, depending on the geology 

of the area it may be possible to assume that the head in the confining 

laye-.c is con stan t in U me for &.i..:i. n :Jdes . Va:ciation in aquifer· head then 

cause.; variation in leakage) and the constant leakage term, QL, can be 

replaced by: 

QVA (i,j) ~v (i,j) ( PSI (i,j) - PHI (i,j) 
where K 

_·y_ = veni:::.al hydraulic impedance of the confining layer. 
B 

PSI (i ,j) head in the confining layer at each node. 

PHI (i,j) - aquifer head 

PSI (i,j) are xead in as consr:ants for each node, while PHI (i,j) the 

hydraulic head in the aquifer .:hanges with each time step. QVA (i,j) is 

;:;alcula.ted each time step , 

Boundary Conditions 

The two most cummon boundary conditions are the impermeable boundary 

8h = 0 and the constant head (hi,j,k =C) condition. Along the 
Cln 
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southeast boundary oi the s-:::u.dy area in the vicinity of Ririe the impermeable 

buunda·cy condition is applicable and can be described by letting T (i,j) 

equal ze.r:o at nodes jusr. outside the boundar-y. The nor-cheast bounda:cy 

which is the Snake River is a :.:;:mst8.nt head boundary with the head dictated 

by the ri·ve:c stage . Bmmd;; ... cy ;:m:ldh:ions along the \vestern edge and the 



HI 

western pa:c:t of the south boundary are either impermeablE J r.: :>:;nsr:a:nt head 

conditions , Flow occurs westward under the basalt fo.,:ma:t ion known as the 

Lewisville Knolls and connects apparently with the general water table in 

r:he Snake Plain aquifer., Some tl•.Jw apparently occurs southwestwa:.::d ac:coss 

the southern boundary as indicated by the g .r:-::mndwate:c c.ontours measu;::·ed 

in 1970 o 

No-flow and constant head boundaries :an be handled quite easily; 

however·, when flow occurs across bounda·.cies in which the head at the 

b;)undar y is --·h anging r.hen s ome f un - tiou .r: r de f ining ·che head becomes 

112cessa r-y Co Se ve ral p<:-ssibl.e alternatives to this bounda:cy problem were 

conside:ced , 

One s c lutlon is to write h 'b . ., 
~ uundaTy J 

as a run.:t:ion of time . Historical 

records of r:he change in h th r. ougr1Uut the year can be approximated with 

a har·monie; function , The progr·arn can then be run t or the preceding years 

in which the comput:er must reprodu ::e the histo:cic values of the groundwater 

levels in the remainder of the aquifer. If ::omputed and measured historical 

levels do not agree the K values within the aquiter may be adjusted until 

a satistacto:cy .i'it of computed \vater table ele vations with measured values 

is obtained , This method allows the adjustment and ·r.·eiinernent of variab l es 

t.lsing historical data , Ho;;;ve ver , if majo-c changes in hydraali•: a.ctivitie s 

a:ce made (such as setting up a domestic well field or change in irrigation 

pra£;tices), the function which defines the hydraulic head at the boundary 

be L: omes invalid ~ 

There ar·e some other approximations available , In this particular case 

fl.ow occu r s gener.::t.lly t :com northeast to southwest across the unknown 

boundary , Across the boundar-y the unconfined cha:cacte :c o± the tlow 
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apparently changes into a confined character Hhich can be described easily 

in the mathematical model. The changes in hydraulic head of the unconfined 

aquifer migrate through the confined aquifer and can be described by: 

h/H 
0 

erf c ( x/2 v;;;;) 
A problem similar to this is encountered in bank storage calculations, as 

shown in the accompanying figure, 

~vhere x distance from boundary. 

T transmissibility of the confined strata 

s storage coefficient of the confined strata 

erfc complementary error function, 

This equation indicates that at some distance in the confined aquifer the 

influence of the initial head, H , is negligible. 
0 

If the boundary is moved 

to or beyond that specific point this boundary can be described as a constant 

head boundary. 



A third possibility exists for the boundary in the southwest direction. 

In the following figure, 

(L.: J) 
' 

h .. 
l,J 

is the boundary node. 

(L, J) (I, J) 

I t=k +I 

The ne~v hydraulic head is calculated in a system of tridiagonal equations 

in which the boundary equations have only two unknowns. In this case, by 
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cutting off the aquifer at point i,j three unknowns remain because nothing 

is knmvn about node point h. 1 . 
l- 'J. 

To eliminate one of the unknowns a means 

must be found to express h. 1 . k 
l- ,] ' 

in terms of h .. k 
l 'J, 

and h. 1 . k l+ 'J, . 

A solution is to assume that the change in hydraulic head per timestep is 

not abrupt in the vicinity of these special boundary points, or that a 

gradual change in head occurs. This assumption is valid if no major hydraulic 

activities take place close to those boundary points. 

Then: al 1\ ratios of average hydraulic slope 

a2 82 close to boundary points 

where al and (12 are the slopes of the water table from the 
previous time step. 

and h. 1 . k 
l- ,] ' 

h .. k- (3 h .. k l,J, 2x= l,J, h .. k) 
l, J' 
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With this assumption, then h . 
1 

, k is defined for the initial time step 
1- ,J' 

and the system of equations can be solved. For subsequent cime steps 

h,_
1 

. k (the "outside" boundary point) could be .:alculated with this 
_,_ 'J ' 

"ratio" technique using but since the character of the hydraulic 
0'.1 

slope has more resemblance to a quadratic function, hi-l,j,k can be 

calculated ~-lith a 2nd degree polonomial which fits h. . k h ' +l .. 
1,], 1 .J, k 

and h .+
2 

, k In this way the outside boundary point h. 
1 

.. k is 
1 ,J' . 1- ,J' 

£crc.ed t c "behave" in the s a me W:J.y as points inside the boundary and c lose 

to this specific node point e If no major hydraulic activities close to 

this boundary condition occur, this is a justified approach and, because 

of the te chnique used, the solution will be stable, This treatment of the 

boundary condition proved valid in one test case, however thorough 

investigation of the restraints and possibilities will be made . 

The model is capable of accommodating variable number and spacing 

of node points and time increments . The computer calculates an array of 

water table elevations for each grid point for each time step so that 

the response of the aquifer can be monitored throughout the s eason . These 

EtTrays a.re read out on magnetic tape and are then coupled to en ell:isting 

con tour· plotting program v1hich plots water table cont~urs on hacd C::'f,Y 

and/or produces a movie film with one frame for each time step " 

For t he Snake River fan area, a node spacing of one mile and a 25 

hy 20 mile grid is being used. A time step of t wo weeks during the per i od 

Hay - November and four weeks during the winter months should be sufficient 

to ;nedict the '"ater table response , 



DATA COLLECTION 

In order to properly calibrate the mathematic.al model a large amount 

of field data is necessary. A continuous data collection program was 

begun in May 1970 in the area. Cooperating local residents have greatly 

assisted in the data collection program. 

Geology 
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Available well logs from the 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 available are 

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

over the entire fan. One exploratory well, one and one-half miles northwest 

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 extend eastward from the Lewisville 

Knolls on the western edge of the area into the gravels. 

Because of the lack of geologic information in the area, a cooperative 

geophysical study was undertaken in May 1971 with the U.S. Bureau of 

Reclamation. Electrical resistivity transect.s were run from east to west 

ac:ross the fan from the Lewisville Knolls to the Snake River. A report on 

this work, performed by a private group out of Colorado, is pending. 

Ground Water Table Elevations 

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

iE the groundwater table throughout the year. Figure 6 shows the locations 

of wells and well points being measured in the network , Water stage recorders 

were installed on seven of the wells in order to detect fluctuations of shorte~ 

period than the normal weekly measurements. In the vicinity of Rigby, water 
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table rises of 30 feet or more have been recorded for the ped::.d f r-om the 

beginning of the irrigation season until mid July . Figure 7 shows the hydro

graph of the Clark well northwest of Rigby f o r several seasons beginning 

f.·!ith 1963. 

Water table contours for the area indicate a general east-we sr.: wa ter 

flow with a rapid increase in water table depth on the west and southwes t 

b oundaries. Figure 8 shows the water table contours interpreted from ·well 

me asuremen t s ma de en J uly l.S, 19 i'O, The £ L ·w is ge nerally f r om east to 

r,Jes ;: ~·lith the fl()w under the Snake RJ.ver south of the city of Roberts 

being Ci t greater depths ~vhere the gravels of the fan apparently interfinger 

i nto basa lts of the Snake Plain aqui f er. 

Maximum groundwater table elevations usually oc c ur in the month of 

August and asso c iated problems a r e prevalent during August and September. 

Figur e 9 s hows the depths t o the wat er table on August 30, 1970 as computed 

f r c.m t he groundwa ter cont ours . The area n o r t h a nd west o f Ri gby as i ndicated 

i n the figure ha d depths to water o f five feet or less during July, Augus t 

an d Se ptembe r o f 1970 . The a r e a a round the c ity of Ri r ie i s a loca l g round-· 

;,;at et :n-:JUnd and some reports o f damage have been r ecei ve d fro m t h is a rea . 

In August 1970 a questionnai re wa s sent to residents of Jefferson Coun t y 

:req ue s ting info rma tion on any damage oc proble ms a s sociated with the s ub-wate ·c.. 

A tot al o f 700 questionnaires we r e mail ed with t he coopera tion of the University 

of Idoh o Extens i on Se r vice.. Seve n ty-eigh t a ffi r ma tive r e t u rns we r e receive d 

Hh i c.h indicate d problems sue:h as water i n baseme n ts , pota t o cellars , f l oode d 

fie lds o r corrals.. The .locations of the a ffirmative r et urns cl os e ly e: o r r elated 

vtith t he high water t ab le areas as i n di c a t e d i n Fi gu r e 9 . Estimates of damage ;:; 

f or 1970 amounted to near ly $24,000 ,. 
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Surface Water Diversions 

Irrigation diversions for the major canals in the study area for the 

May 1 - September 30 period are recorded in the reports of Water District 36, 

These measurements performed by District 36 and U.S. Geological Survey 

personnel are obtained primarily by periodic current metering of the canals 

at selected rating sections and reporting of daily staff gage ceadings by 

watermasters. No standard water measuring devi.ces are in use on the 

m3.jo:r- canals. Dur ing t.he 1970 season measurements vJer·e extended by University 

and ARS personnel past the normal September 30 cutoff date through November 30 

or until all canals had been shut down for the winter. Return flows to the 

Snake River at the Burgess Canal spill, Long Island Slough, and Gr eat Feeder 

were measured throughout the season. Water transported out of the study 

area to the south was measured in the Anderson, Farmers Friend, and Harrison 

canals. 

Figure 10 shows the recorded May - September diversions per a cre from 

the Snake River for all canals on the Snake River fan. The acre feet per 

acre values were computed from discharges and acreages for e &ch irrigation 

dis tri c t as recorded in Distric t 36 r ecords . An increasing tr·end can be 

observed with the 196 7-69 diversions approaching 10 acre feet per ac re.. The 

s easonal distribution of net diversions for 19 70 is shown in Figure lL The 

net diversion is calcula ted as the meas ured diversion at the canal headgates 

minus all surface wastes o An irrigated acreage of 82 , 250 acres in t.he study 

area was determined from 1966 aerial photographs and does no t include roa ds, 

c.a ;:~al rights of way • f ar·msteads and undeveloped lands within r he study dr ea, 

T;:; t al di ve rs ions for May - November 1970 s eason were 1 ,507 , 000 aue f.ee t of 

which 100,000 a cre feet was measure d as irr igat i on wat er t ranspor:r e d out. of 
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the study area and 48,200 acre feet returned to the Snake River . The total 

net diversion for 1970 was 16.5 acre feet per irrigated acre of which 14% 

was diverted after September 30. 

Canal Seepage Losses 

The main canals of the systems have a total water surface area of 820 

acres or slightly less than 1% of the irrigated area. Seepage tests wece 

made in 20 locations in the late summer and fall of 1970 and in 16 locations 

in ea-rly spring of 1971. These tests were made by inflow-outflow measurement 

method in reaches with little or no diversion at the cime of measurement. 

The accuracy of any one flow measurement is probably 1 5 or 10% which can 

lead to much variability in seepage loss measurements but the average of 

many loss measurements will give values that are good estimates . The average 

of the 1970 tests was 3.55ft/day with a range from 0.2 ft/day to 1L5 ft/day. 

The average of the 16 tests made in early May, 1971 was 3. 28 feet/day with a 

range of 0.67 to 12.07 ft/day. 

The spring tests had an average value that was 8% less than the average 

found in late sunnner, but the reaches tested were not the same and the channel 

flow depths were 1~ to 2 feet lower in the spring. 

The average loss of 3.43 ft/day for all of the tests would amount to a 

total loss of 2810 acre ft. per day (or 1405 cfs) if it were applicable to 

&lJ. the main canals in the system. Assuming a 150 day irrigation season this 

S2Epage rate would involve a loss of 428,500 acre feet per season or about 

28 percent of the yearly diversion. Assuming a 200 day season, which more 

nearly approximates the actual operating procedure, canal seepage adds 570,000 

acre feet to the aquifer. 
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Further seepage loss determinations will be made in 1971 to improve 

on the accuracy of the estimates and to determine if some areas may have 

seepage losses that are consistently above or below the average. 

Snake River Losses 

Recognizing that losses in the Snake River as it flows over the fan 

can contribute to the groundwater table rise, an attempt was made to evaluate 

these losses. Stearns
3 

in 1928 reported losses of from 20 cfs to 830 cfs 

or an average loss of 288 cfs or 3.3 percent of the flow from the measuring 

station at Heise to Lorenzo, a distance of about 13.8 miles. In 1970 current 

meter measurements were made at three times during the year during which the 

river was maintained at constant discharge at Palisades Dam. Discharge varied 

from 3340 cfs to 17,000 cfs and computed losses varied from 808 cfs to 208 

cfs or an average of 408 cfs. Based on a loss of 408 cfs for a 200 day 

season, losses from the Snake River account for 41,600 acre feet of water 

a dded to the aquifer. 

Evapotranspiration 

Crop evapotranspiration for the 1970 season was calculated using the 

combination equation with crop coefficients based on the crop distribution for 

the 22,000 acres of the Burgess Canal system. Differences in crop distribution 

throughout the study area were not significant, Figure 11 shows the seasonal 

distribution of crop evapotranspiration for 1970. The total evapotranspiration 

f or the season was 2.0 acre feet per acre or 161,900 acre feet for the study 

area. 
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SUMMARY AND CONCLUSIONS 

Results o-f the first year's study show definitely that t:he Snake River 

fan irrigated area is in need of some system of water table controL Increasing 

inconvenience and financial loss to both urban and rural residents of the area 

is evident. 

Because of the number of factors affecting the water table such as 

contribution from the Snake River, canal seepage, irrigation application 

and others, the most feasible means of studying the system is by modeling. 

A digital model is more easily adapted. to this study than analog or 

analytical models. The model being developed utilizes a finite difference 

technique and is capable of handling any foreseeable aquifer boundary 

conditions. Calibration of the model with inputs and aquifer response 

measured in 1970 is being made. 

Input and output data collection in 1970 for the model indicate the 

major contributions to the ground water in the area . During the 1970 

irrigating season losses from the Snake River from Heise to Lorenzo were 

approximately 41,600 acre feet. Diversions from the Snake River for irriga

tion were 1,507,000 acre feet of which 100,000 acre feet '"as transported o ut 

of the study area and 48,200 returned to the Snake River as surface waste " 

The net diversion per irrigated acre was 16.5 acre feet. Canal seepage 

accounted for 570,000 acre feet leaving a net irrigation application of 

788,800 acre feet or 9, 6 acre feet per acre <. Crop use was computed to be 

2.0 acre feet per acre , 

The net diversion and irrigation application per season in the study area 

are somewhat greater than the State average and farm water mana gement. could 

be improved . Distribution system management could also be improved with the 

objective of providing farm diversions in the amount of dec reed rights only . 



Any changes in water management -v;hich affect decreases in \vater 

application will affect the seasonal response of the water table . 

Changes in inputs such as this on the aquifer response will be analyzed 

with the model. In addition, some of the alternatives for water table 
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control such as deep surface drain ditches, :::anal lining, c.anal consolidation, 

Snake River operation, and vertical drain ~>Jells r,\li.ll be investigated , 

Implementation of any technically feasible a.ltecoatives could require 

financJ~ng by local residents and farmers, The economic feasibility of any 

corrective measures depends on the ability of the residents to finance 

the improvements. At present, the repayment capacity of the area is not 

known and any future planning \vill require a study to determine this 

potential. 
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APPENDIX 

IRRIGATION CANALS ON THE SNAKE RIVER FAN* 

Canal 

Riley 

Anderson } 

Eagle Rock 

Farmers Friend 

Enterprise 

Butler Island 

Harrison 

Rudy 

Burgess 

Clark and Ed,.;rards 

Lowder 

East Labelle 

Rigby 

Dilts 

Island 

W. Labelle and Long Island 

Parks and Lewisville 

North Rigby 

Other 9 (small canals) 

Gross Acres Served 

900 

33,000 

10,500 

5,200 

1,100 

13,000 

5,000 

22,000 

1,940 

1,000 

3,000 

4,000 

580 

5,500 

10,500 

7,000 

1,400 

1, 760 

127,380 

*Includes all lands served by the canals as published in reports 
of the Watermaster, District 36. 
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