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GROUND-WATER PLIMPAGE FROM THE SNAKE Pl,h BN AQUIFER, 

H. W. Young and W. A. Harenberg 

ABSTRACT 

This renort estiinates, by a rneihod described herein, the nlnouni of ground water 
pumped from ihe Sn~ .ke  Plain aquifer in southeastern Ldaho. E;rni)::asis is placed on the 
method used to  estimate withdrawals for irrigation piiyposes. 

Ground-water withdrawals for irrigation rieeds were computed using the average 
number of kilowatt-hours of clectrical energi conurnerl per acre-foot of water pumped and 
the total lcilowatt-hours used by irrigation wells. A statistical technique was employed to 
determine sample size and location an6 lo evahaate the accuracy of the results. 

A sample of 173 wells indicates that abou? 527 kilowatt-hours are used to pump 1 
acre-foot of ground water from the Snake Plairi aquifer. Using this coefficient and the total 
electrical power consumed by irrigation wells, irrigation pumpage is estimated to  be about 
1,000,000 acre-reet. Statistical evaluation of the sariiple population indicates that the resiiits 
are accurate to  within I 0  percent of actual withdrawals. 

Municipal ground-whter pumpage is estimated !o be aboill 34,000 ac1.e-feet, ind~~sirial  
pumpage about 38,000 acre-feet, and nirai-doii-rcstic purnpage about 7,000 acre-feet. Total 
ground-water punipage from the Snake Plai:~ acj9iic.r in 1969 for irrigation, municipal, 
industrial, and rural-domestic uses is estimalcd 1.0 be about 1,079,000 dcre-feet. 

The rapidly-exparding agricultiiral and industrial growth occ:rrririg on the Snake River 
Plain in Idaho is rcyuiring the use of increasing amounts of ground water. Persorls and 
agencies respor~sible for Ule planning needed h) at:i:ormnodate this growth often must 
forecast the amount of water that will be needed in the li~hire. T o  do this, they first need 
accurate datia i~idicative of the amount of ground water presently being pumped. An 
accuratc estimate of present use will not only be of aid in exisiiilg and future planning 
studies, but it will also be useful in other types ofii~vestigatioix whose goals are t o  describe 
the availability and the effects of use of the grouivd-water resource. 



Generally, the past estimates made by vzrious workers of the amount of ground water 
pumped were based largely on reported infor~natiori collected during short-term water-use 
studies or as a subsidiary part of other waier-resource investigations. As a result, few 
measurements of the quantities pumped for irrigation and other uses were made. Previous 
workers have been discouraged from making an accurate estimate of pumpage because of 
the lack of a suitable method for making the estimate within reasonable time and cost 
limits. These workers, and others concerned with the water resources of Idaho, have long 
recognized the need for a better, more reliable, and quicker method of estimating pumpage 
than has previously been available. 

Recently, the use of statistical techniques to guide the collection and analysis of 
pumpage data has served to provide a better method of estimating the quantity of water 
withdrawn in an area and for evaluating the accuracy of the withdrawal figure obtained, 
This method is described and applied in this report. In the first application of this method in 
Idaho, a statistically derived estimate for the quantity of ground water withdrawn for 
irrigation use from the Snake Plain aquifer of southeastern Idaho is obtained and its 
accuracy assessed. I t  is anticipated that future sttidies will be made using this method to 
obtain periodical estimates of ground-water withdrawals for the Snake Plain aquifer and for 
other parts of Idaho. 

The study described in this report war accomplished within a program of 
water-resource investigations made by the U. S. Geological Survey in cooperation with the 
Idaho Department of Water Administration. 

Location 

'The Snake Plain aquifer underlies approximately 9,600 square n~iles of the Snake River 
Plain in southeastern Idaho (fig. 1). The boundary of the aquifer, as defined by Nowitch, 
Thomas, and Madison (1969, p. 2), encompasses the area covered by this study and is shown 
in figure 2. As shown, this boundary was arbitrarily drawn along the foot of the mountains 
surrounding the Plain and across the mouths of tributary valleys. Generally, the boundary 
marks the contact of the Snake Plain aquifer with the usually less permeable surrounding 
material. 

Centers of water use, of agricultural development, and of population are mostly near 
the Snake River, which flows along the eastern and southern margins of the Snake River 
Plain. The Snake River is the primary source of surface water for irrigation of croplands 
lying near the river. Ground water is used almost exclusively on the more recently developed 
irrigated lands extending out into the Plain away from areas irrigated with surface water. 
(See fig, 2.) 
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FIGURE 1. Index map showing area covered by this report. 



P u r p o ~  and Scope 

The purpose of this report is ( 1 )  to  describe and to  establish a procedure for estimating 
the quantity of ground water pumped anliually from the Snake Plain aquifer in so:itheastern 
Idaho for irrigation, industrial, municipal, and rural-domestic use; and (2) to provide an 
evahiated estimate of the amount being piimped for these purposes. Because the amount of 
ground water pumped for irrigation use greatly exceeds the amount pumped for all other 
uses, and because of its large magnitude, the procedure for estimating this value is described 
in detail. 

tii attempting to establish a procedure for estimatirig the amount of ground water 
&nlped for ifligation, several approaches were considered. If the number of acres irrigated 
with ground water and the average rate of application weir knowrr, a value for the total 
quantity of ground water pumped could be calculated. A search made of the infonnatioii 
available indicated that these data could not be readily collected. 

i t  was found, however, that the total arnouut of electrical energy used by all irrigation 
pumps could be obtained. These data, and i~formation on the amounts of water pumped 
and energy consumed at raildomly selected wells, were used to  estimate the total amount of 
ground water pumped for irrigation. The following procedure to  compute this estimate was 
establisl~ed: the total number of kilowatt-hours of electrical energy consumed by 2,044 
irrigaticrl wells on th.e Plain was acquired and the discharge of and kilowatt-hours consumed 
in 173 randomly selected iridex wells on the Plain were measured. Using thesc data, the 
avcrage kilowatt-houn consumed per acre-foot of water pumped was calculated and, by 
applying this figure to the total number of kilowatt-hours used, a total figure for irrigation 
pumpage was then computed. 

The amount of ground water pumped for municipal and industrial purposes was 
estimated using data obtained from questionnaires, frc?m previous investigations, and by 
intetviewing owners of water-supply systems. The amount of ground water used for 
rural-domestic purposes was estimated using population data from reports of the U. S.  
Bureau of the Census and published per capita consumption figures. 

Previous Investigations 

Numerous estimates of the quantity of ground water pumped in all or parts of Idaho 
have been made. As a part of its continuing program of ground-water investigations, the U. 
S. Geological Survey has reported on quantities purilped in several water-use reports 
(MacKichan and Kammerer, 1961; and Murray, 1968). A report prepared for the Idaho 
Water liesource Board by the University of Idaho also contains pumpage data for Idaho 
(Water Resources Research Institute, liniversity of idalio, 1968). 



E 'sziniates,of ' , the arnount of ground v;a:er pumped for migation on t k i  Sriakc River 
Piain are contained in two published report:. r t l~~r~ilorfi ,  Crosth:vaile: and Ki:bv:n < 1'164: p. 
23) estknaled that 920,001) acre-feet of gri;a.iiJ water was pumpeii for irrigation i::eds i;l 

1959. Noniitch, Thotnas, and Madison (:O$.'>, 1). 9) estimated t1ial 2,100,0013 acre-.f?et of 
ground water was pumped in 1965 to  meet irrigation requirements. 

Ail the pumpage estimates noted above were based largely on reported data that 
incomoraird a sparse number of' fieid obijerv;itions. The authors of these estimates 111 
recogiikzd the pack of firm data and pointed out the need for an intensified srudy to 
determine gi-ound-water pumpage, and for a n~eans  lo  substantiate and evaluate tile Final 
estirnalts. 
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GROUND-WATER W1THDRAWAI.S 

Method Used 

T o  deleisnine with absolute accuracy the ainouill of ground water piiiuped ai~riua?ly 
for irrigation ori the Snalte River Plain would require that ilie exact quantity vf water 
pumped at each and every irrigation well on the Plaiil be measured each year. Because there 
are several thousand irrigation wells on the Plain, the efl'ori required io mak? these 
ineas:xemc:!ts wiiirld be prohibitively expeiisivc and time consuming. Practically. tiien, it i s  
to estimate irrigation pumpage using some other method. 



A comirlonly accepted method for estinrali~ig the hiiiolini c-il water pumped in1 an area 
cons is?^ of using ( I )  average discharge values and vaitres of consumed energy derived from a 
number of index wells considered representative of col-,di!ions in the area being studied and 
(2) the total energy consunled by ali wells in the area, to obtain a total pumpage ~ali:e. In 
the past, index wells wijre arbitrarily selected no represent different pumpir~g lifts, types of 

r1 .I011 irrigation systems (flood or sprinkler), well yields, topograpi~ic settings and iniilir r 
capacities of the land irrigated, types of crops grown, and such other conditions as n?sy have 
seemed pertinent to  the individual maKing thc study. The degree to which these items were 
considered and the number of .+!ells selected depended entirely on the judgment of the 
indP<idiral making the selection. 

i n  recent years, the use of statistica! techniques to obtain an accurate measur; of a 
population using a riindornly selected sample has received wides~read use. ? h e  statistica? 
technique used in thls report to aid in obtaining a measure of total pumpage was first 
applied ro grooiid-\vater withdrawals by R.  ?P. Luckcy (written commun., 1969) who 
esrimaicd the amonnt of ground water pumped in ihe Arkansas River Vallcy in Colorado. 
The benefits of using this technique are. that it provides a means of determining the size of 
the random sample to be uscd, selecting the wslls to be rised, and evaluctir:g thi: final 
pumpage figure obtained. Because application of this technique requires selection of the 
sample (index wells) on a random basis, ii ciirninates the problem of bias Inay result 
from using individual judgment in selecting representative index wells. 

Briefly, the technique consists of selecting a random sample (index wells) :.),I ihc  basis 
of the variance (an indicator for the total popuiation of the ainouni or dev~ation of a 
variable of interest from its mean value) arid the accuracy of tile answer desired. 'l'hc total 
yiiailtity of water pumped is calculated using :m avcrage value of kwhi per acre-foot 
(kilowatt-hours per acxe-foot) used by the index wells anti the total kilowait-hours 
consumed by all of the wells in the sampled population. 

There are two basic requirements inherent to  statistical evaluation iind use of the 
random sample obtained as a part oE this iiiventory of irrigation punipage: f 1) that the 
vai-:able of interest (kilowatt-hours used per acre-foot of water pumped) have a normal or 
tog-i~onnal distribution with respect to all irrigation wells on t.he Plain and (2) that the 
variance of this variable be known or can be estimated. A graphic illustration of a normal 
distribution would appear as a bell-shaped curve that is symmetrical about the mean value of 
the valiiible of intel-est (sce fig. 3). If the distribution were log-normal, a graph using 
logarithms of the variable on the ordinate would assume the sairie shape. 

Test of Method 

:A. preliniinary investigation of the data available fro111 about 178 wells used by the U. 
S. Brireaw (;f Recla~nation's Minidoka North Side Pumping Division located on the Snake 
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FIGURE 3. Graph showing a normal frequency distribution. 

River Plain (fig. 2) indicated that this area could be used to  test the applicabi!ity of the 
method. It was assumed that if satisfactory results could be obtained by applying the 
method in this area, they could also be obtained for the Plain as a whole. The test ol' the 
method was made as follows: 

1. The average number of kwhr consumed per acre-foot of water pumped by each 
irrigation well in the project area during the 1968 irrigation season was calculated using data 
supplied by the U. S. Bureau of Reclamation. 

2. A plot of the cumulative frequency of the data on log-probability paper showed 
that the calculated values of kwhr consumed per acre-foot of water pumped were 
distributed approximately log-normally among the wells. 

3. An evaluation of the accuracy desired for the pumpage value to  be calculated was 
made so that the number of index wells to  be randomly selected among the wells pumped in 
this area could be determined. 

Analysis of pumpage data available for the test area for the 9 years, 1960-1968, 
indicated that any pumpage value calculated should be within 10 percent of the actual 
pumpage. This accuracy would enable relating the effects of significar~t variations in climatic 



conditions, or  number of acres irrigated, to  t i le  arnoun: of ground water pumped annually. 

The number of index wells needed to  calcr!!;ite a pdmpage value that would be within 
10 percent of the true value with a 95 percent probability of attaining that accuracy, was 
calculated to  be 21, using the following formula of Luckey for sampling with replacement 

n = b2 dy2 

log e2  (QC + I )  

where 

n = number of sample points (wells). 

b = a constant (Natrella, 1963, p. T..3) depending on p 

where 

p = the probiibilily tirat the statistic is within the confidence 
interval 

-4 y2 = variance of the natural logs of X 

where 

X = kwhr per acre-foot pumped 

- = the base of the natural system of logarithms 

= maximum desired fractio~lal error mddc in estimating mean kwhr per 
acre-foot. 

Using the above formula and a variance of 0.05 log units, the number of sample points 
(211 needed t o  give any desired error !+ 10 percent) with the corresponding probability (95 
percent) of achieving that accuracy are shown beiow: 

Probability (p) of Achieving Accuracy, in Percent - 
95 90  80 70 

Maximum 5 81 57 35 23 
desired 10 - 21 15 9 6 
fractional 20 6 4 3 2 
error 30 3 2 1 1 
( d), 40 1 1 1 1 
in percent 50  1 1 Y 1 



4. Selection of the index wells was made from a tabtt!atit:ii giving the locrtii~n of each 
well in the test area. Each well on the list was assigned a iiurnber, anti a table of random 
numbers was used to select the index well. 

5. h test of the natural logarithms of the measured values of kwhr consumed per 
acre-foot pumped, by both the iiidex wells az~d all the wells in tile lest area, showed that 
these values were distributed 13ormally and fit the cuive shown in figure 3. The fact that a 
log-normal distribution of this variable was found anlong boili the index wells and 311 the 
wells in the test area is used later as justification for assuming that the normal distribution 
found for the index wells used lo sample the entire Snake River Plain is indicative uf a 
normal distribution of this variable among all irrigation wells on the Plain. 

5. The iltimber of kwhr coi~siinied pc:. acre-foot o!' water pimped at each index well 
wos calculated These values were averaged to  obtain, for thc index wells, the average 
number of kwhr consumed per acre-foot pumped. 

7. The total quantity of ground water puniped for the test area was calcula!ed by 
dividing the computed averagc kwhr pci- acre-foot pumped by tlie index wells into the total 
number of kwhr used by all wclls on the project. 

Table 1 lists, for the period !960-68, both the lneasured amount of water pumped 
annually by irrigation wells in the Minidoka North Side Pumping Division and tlie amount 
computed using the method just described. The pimpage con~puted for each year was 
estimated using a calculated average kwhr per acre-Soot value for the index wells as 
computed from 1968 records. As shown; the percentage diiiererice of the pumpage values 
shown for each year ranges from -5.9 to +S.I  percent and is within the estimated accuracy. 
Because of this close agreement between computed and actual ground-water withdrawals, 
and because conditions in this test area appear to  closely approximate those on the Plain, it 
was decided that this statistical procedure couici be used to  obtain an accurate estimate of 
irrigation pumpage for the Plain. 

Application of Method 

The estimate of the amount of groarld water purnped for irrigaiion on the Snake River 
Plain was made by appljying, with some rnotiificatiori, the same technique tested ir! the 
Minidoka North Side Pumping Division. In the foliowing discussion, scveral of the items 
entering into the technique used to obtain a pumpage figure are described more fully than 
was done previously 

Variance.--Because of a lack of data, it was necessary to make an initial estimate of the 
variance. This was accomplished, using a technique suggested by Natrella (i963), by making 
an estimate of the range of values of kwhr conrsurned per acre-foot of water pllmped for the 



Ground-Water Pumpage by li-sigatiatn Wells 

in the Minidoka North Side Pumping Division 

Year 

Measured 
Pumpage Computed 

(acte- pumpage Percent 
feet) (acre-feet) error 

wells on the Plain. T o  do this, it was assumed that the average irrigation-well installation in 
use on the Plain has a pump efficiency of 65 percent and an electrical efficiency of 87.5 
percent, and that 1.8 kilowatt-hours of electricity would be used to  lift 1 acre-foot of water 
1 foot. From a depth-to-water map of the area irrigated with ground water, it was estimated 
that 95 percent of the irrigation wells on the Plain were operating with lifts between 50 and 
550 feet. Also, it was estimated that the average sprinkler system in use would have a 
pressure of 40 pounds per square inch, thus increasing the maximum lift by about 92 feet. 
Using these figures, it was estimated that values of kwhr per acre-foot pumped for 95 
percent of the wells on the Plain would lie between 90  and 1,150 kwhr per acre-foot, and a 
variance of 0.41 (natural-log units) was calculated. The values of kwhr per acre-foot 
obtained from the index wells were found to  range from 54  to 1,440, with 96 percent 
within the previously estimated range of 90  to  1,150, indicating that the method used to  
estimate the variance is valid. 

Accuracy.-The accuracy of the final irrigation-pumpage value obtained, using this 
method, is primarily a function of the number of wells sampled. In this case, if can be 
shown that a sample size of 173 wells provides an answer which is accurate within 10 
percent of the true value with a 95-percent chance of achieving that accuracy. Implicit in 
the above statement is the assumption that all measurements made at the index wells are 
accurate and that the measure of the total number of kilowatt-hours consumed is accurate. 
Tests of the accuracy of the measurements made at the index wells indicate that the values 
derived from these measurements are probably accurate to  within 10 percent. Intuitively, it 
was considered that this 10-percent error is compensating and that, therefore, an average 



discharge value derived from these measurements is accurate. That is, although the 
individual measurements may be in error by plus or minus 10 percent, an average of these 
measurements can be used t o  calculate a total d~scharge for all wells. It  was considered that 
the values obtained from power companies for the total number of kilowatt-hours 
consumed are 100 percent accurate. 

Number of wells on Plain. -The total number of irrigation wells on the Plain whose 
pumps are powered by electrical motors was determined from records from the Idaho Power 
Company, Utah Power and Light Company, and the Lost River Electric Cooperative. These 
companies supply all the electrical power consumed by irrigation wells on the Plain. From 
these records, it was found that 2,044 irrigation wells used electric power. Data collected 
from companies supplying natural gas, butane, gasoline, and diesel fuel indicated that few 
wells, probably less than 10, used these sources of energy, and that these wells could be 
ignored without significantly affecting the accuracy of the final pumpage value sought. 

Index wells.-The number of pumping irrigation wells to  be sampled on the Plain was 
calculated to  be 173 by applying the estimated variance and the accuracy desired to  
Luckey's fonnula. Select~on of the index wells was made by assigning numbers to  all wells 
and by use of a random number table. Because Luckey's formula requires sampling with 
replacement, several wells were drawn more than once from the random number table with 
the result that discharge measurements were needed a t  only 158 wells. See table 2 and figure 
4. 

Discharge measurements.-Distribution of the water pumped by irrigation wells on the 
Plain is accomplished using either a closed or an open system. Typically, in a closed system 
the water pumped is conveyed through aluminum pipes to a sprinkler system, whereas in an 
open system ditches are used to  distribute the water from the well to  the fields. Where 
discharge meters have been installed on wells, the measurement of discharge is readily 
obtainable for either type of eysten~. Unfortu~iately, however, rarely have these meters been 
installed and, therefore, other means of measuring well discharge had to  be used. T o  
determine the discharge for closed sprinkler systems, the water pressure at the first and last 
sprinkler head on each line of sprinklers in the system was measured. Using the average of 
these values and the size and number of orifices used, the discharge of the well supplying the 
system was calculated. T o  determine the discharge of wells supplying open systems, the 
quantity of water flowing in the distribution canal at a point near the well was measured 
using standard measuring techniques. During the 1970 irrigation season, the discharge of 
each index well was measured a t  least once; a second measurement was made on as many 
weils as time permitted. The value or average value obtained was considered to  be the 
average discharge rate of the well. 

Measurements of the depth to  water made in index wells showed that during the 
irrigation season pumping water levels fluctuated less than 10 feet. These measurements, in 
conjunction -with the discharges measured, indicate that pumping rates were ]lot 
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Table 2 (Continued) 

Summary of Irrigation index-Well Data 

Discharge measurements - 
Static water h n i n v  P i i s n i i i o  

.... 
i d e n t i -  Irriga- beloir Gallons below Gallons 
fication tion land per I and 
number method Date 

per 
surface Date minute surface oars minute 

. r-.-e 
level, 
feet 

below 
land 

Arerzge, %orre Total 
gallons power kwhr 

per of consumed 
minute pump 1970 

1,130 75 95.150 
1.770 50 103.240 

Kwhr 
conrmed 

Xilo- pe? acre- 
watt foot 
demand pumped 

63 303 
57 175 



Table 2 CContmued) 

Smarv  of Irrigation Index-Well ~ a t a  

s tat ic  water plnnping Plrmplng 
l eve l  l eve l ,  level, Kwhr 

Well Feet feet  feet Average. Horse Total consumed 
identi- Irnga-  below Gallons below Gallons Delow gallons power arhr Kilo- per acre- 

fication tion land per land DTT lano per of consume4 watt foot 
nlnnber method  ate surface Date mlnute surface Date minute surface minute pump 1970 demand o w e d  
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Table 2 (Coniinued) 

S-ary of I r r iga t ion  Index-Well Data 

.- 
Dischar e measurements 

static water P i o n p i n g e m p i n g  
l eve l  l eve l ,  l eve l ,  - 

we11 
Kwhr 

Feel. feet feet  Average, Horse Total conslnned 
iden t i -  I r r iga -  belmw Gallons below Gallons below gallons power kwhr Kilo- per acre- 

f i ca t ion  t ion  land per land per land per of consumed watt foot 
nlnnber method Date surface Date minute surface Date minute surface -er Pump 1970 demand pumped 

1976 S 6- 2-70 1,230 8- 5-70 1,350 1,290 350 808,800 311 1,310 
815 S 4-25-70 315.80 7-1-70 1,230 318.10 9 -3 -70  1,160 317.90 1,200 200 201,760 174 787 
844 S 4-25-70 141.05 6-25-70 910 01" inn 90 nan ad cn, 



5umary of i r r i g a t i o r ,  Index-Well Oaf? 
- 

Discharge mcasurem& 
s t a t i c  waxer pumping pumping 

l eve l  l eve l :  l eve l ,  Kwhi 
Well Feet feat feet i'.cra;a. i i o r s c  Total consmed 

i d e m  ,.- ~ r r i g r -  below ~ a l l o n s  belou Gailons below gs1lu;:i r;orer i h h r  ~ i i o -  p e r  acre- 
r i i , r i o n  tiox! l m d  per  land p f=  l a n d  ?cr o f  consumed wat t  f o o t  
7,anber method Date sariace , Date minute surface Data  -~ .- minute ?::face ~ . n i n u i f _ q m ~  1970 demand pvmped 

a Horse power of booster pump. 

b weighted average discharge ,  weighted by po r t i on  o f  rime booster  pump operated. 

Annual pumpage and ki lowat t -hours  c a n s u ~ e d  repor ted  by U. S .  Bureau of Reclamarioa, Minidakn-North Side Pumping Divis ion 





Table 3 

Kilowatt-Hours Used by Irrigation Wells on the Plain, 1969 

District 
Utah Power and Light Company 

Rexburg 

Rigby 

Shelley 

St. Anthony 

Lost River Electric cooperative, Tne. 

Arco 

Idaho Power Company 

Aberdeen 

American Falls 

Blackfoot 

Gooding 

Hazelton 

Jerome 

Rupert 

NSPD Minidoka Project 

Sfioshone 

Wendell 

Kwhr - 

Total 527,354,327 

The values of X from the 173 index wells were prepared for entry into a digital 
computer system so that a computer program could be used to compute the desired sample 
statistics and to lest the values of X for goodness of fit to  a normal distribution. The sarnple 
statistics computed from natural values of X are 



2 = 527 kilowatt-hours per acre-foot, 

s2 = 72,466 (kilowatt-hours per acre-foot)2, 

s = 269 kilowatt-hours per acre-foot, 

where 

x = mean of the sample values, 

s2 = the sample variance, a measure of the deviation from the mean, 

s = standard deviation (square root of the variance); 
two-thirds of the values lie within plus or minus one standard 
deviation. 

The program used also provided Chi-square tests of goodness of fit for both the natural 
values and the log-transformed values of the data. From these tests, it was found that the 
natural values came closer to a normal distribution than did the logarithms of the values and 
that a normal distribution should be assumed (see fig. 5). 

Since the mean (z) is used to estimate total pumpage, a measure of its accuracy is 
needed. To derive this, it is first necessary to compute the standard error of the mean (s.e. %) 
as follows: 

- 
s.e. X = s = 20.5 kwhr per acre-foot 

G 

where 

s = standard deviation of the sample (269 kwhr per acre-foot) 

n -. sample size (1 73 wells). 

Using the standard error of the mean to  compute a 95 percent confidence interval (C. I.) 
gives 

.- 
C. I. 95% = X 2 b (s.e.Z), where b = 1.96 (seep. 8) 

= X f 40.2 kwhr per acre-foot (? 8 percent). 

This figure is within the 10 percent accuracy at 95 percent probability sought in 
determining the sample size to be taken. 



Index well distribution 

Theoretical normal distribution 
2 0 of index wells 

10 

0 

.~ 

KILOWATT-HOURS PER ACRE-FOOT PUMPED 



Using the formula described on page 1'. Irrigatioii withdrawals from the Snake Plain 
aquifer in 1969 were estimated to be about I ,Otiit,?OO acre-feet. 

Other Pumpage 

Municipal 

Wells open to  the Snake Plain aquifer are the chief source of municipal wzter for 
conlrnuniiies locatcd on the Snake River Plain. The municipal pumpage data presented in 
this report represent the total quantity of water pumped for all uses by each municipal 
supply systern. Quantities of water used by ir~dustries or others having their own source of 
supply are not i!icluded in these data. The data were collected either by mailing 
questionnaires lo, o i  visiting each municipality. In either case, each muiiicipality was 
requested to furnish the following data: quantity of water pumped by tneir system in 1969; 
source of water; populatior? served; and, quantity of water furaislied to industry. 

Table 4 is a conipilation of the data obtained for municipal supplies. As i!.:?icated, a 
total of about 33,700 am-fee t  of ground water was puniped by rnunicipaii~ics in 1969. Tine 
daily per capita use figures shown were obtained by dividing the average daily quantity of 
water supplied by the total population served. As shown, per capita use rarlges from a high 
of 882 gpd (gallons per day) per person in Ririe (14 miles south of Kexburg) to  a low of 40 
gpd per person in Newdale (10 miles northeast of Kexburg) and averages Zi>O gpd per 
person. 

Rural-Domestic 2nd Livestock 

The amount of water in 1969 used by individuais with private water systems was 
computed using a daily per capita use figure of 100 gpd per person (Murray, 1965, p. 3). To 
determine the population supplied by private systems, the population served by public 
water-supply systems in each county was subtracted from the total county population. The 
population used in counties only partialiy included in the study area was determined on the 
basis of an assumed uniform distribution of the rural population throughout the county and 
tlri: percent of the county within the study area, 

The livestock population of each county in 1969 was corrlpiled using data supplied by 
the annual Idaho State Tax Commission i.eport (State Tax Commission, 1969). The number 
of dairy cows, beef cattle, horses and mules, sheep, goats, hogs, and fowl were totaled by 
county. The daily per capita water requiremeiits of these livestock were taken froin Murray 
(1965, p. 9). The quantity of ground water pumped for livestock was computed using the 
per capita requirements arid the assumptjon that SO percent: of the supply was derived from 
ground water, In counties partially in the stucly area, a pei.ce!:lage of the total livestock 



Table 4 

Municipal Ground-V!ater Pumpage, 1969. 

Daily per Quantity 
Population Number Capita use Industrial Usage Pumped 

City Countv Served of WeUs (Gallons) (acre-feet) (acre-feet) 

Aberdeen Bingham 1,494 2 
Ammon Bonneville 2,553 5 
Arco Butte 1,173 3 
Ashton Fremont 1,123 2 
Atornic City Bingham 20 2 

Basalt Bingham 343 1 
Blackfoot Bingham 8,558 6 
Butte City Butte 44 1 
Dubois Clark 43 1 2 
Eden Jerome 339 1 

Firth Bingharn 364 2 
Gooding Gooding 2,524 2 
Hazelton Jerome 399 2 
ldaho Falls Bonrieville 35,318 11 
Iona Bonneville 899 2 

Jerome Jerome 4,158 2 
Minidoka Minidoka 124 2 
Newdale Fremont 264 2 
Paul Minidoka 845 I 
Rcxburg Madison 8,265 3 

Richfield Lincoln 299 2 
Rigby Jefferson 2,3 11 2 
Ririe Bonneville 563 2 
Roberts Jefferson 388 1 
Kupert Minidoka 4,528 3 

St. Anthony Fre~nont  2,811 4 
Shelley Bingham 2,614 3 
Shoshone L.incoln 1,206 2 
Sugar City Madison 612 2 
Teton Fremont 387 1 

Ucon Bonneville 658 1 
Wendell Gooding 1,105 3 

Total. 86,720 8 0  

48 32 
a280 None 
a280 None 
a280 40 
685 None 

a280 None 
242 580 

a280 None 
23 1 None 

42 2 

a280 11 
176 10 

a280 None 
495 3,327 

a280 None 

247 1 IS 
a280 None 

4 0  Noiii. 
276 None 
180 I66 

173 26 
811 105 
882 6 

a280 None 
174 62 

98 74 
230 34 
347 None 

a280 60  
a280 None 

112 16 
192 None 

a Estimated from average reported daily per capita use. 
Avorage reported daily per capita use. 

23 



population was used 

The estimated total ground water piin~ped For rural-ciomestic and livestock needs in 
!969 was 7,300 acre-feet (rounded); it is slrown by county in table 5. 

'The industrial pumpage data presented in this report were obtained only from users 
who are self-supplied and who rely on ground water as their chief source of supply. Because 
of the large number of companies and individuals involved, a canvass of users by mailed 
queslionriaries was the only practical means of data col1ecliosi within the time alloted for 
this effort, Industrial users were requested to furnish the iollowing information: the 
quantity of water used by their company in 1969 and tile source of their water supply 
(municipally si~pplied, private well(s), spring(s), or  surface water). 

Questionnarie response was about 60 percent wiih about 50 percent. of these supplying 
usable data. T o  estimate the quantity of water used by nonrespondents, similar industries 
were assumed t o  use corresponding quantities of water. The source of the water used by 
nonrespondents was selected on the basis of tlieir locations and o r  the source of water used 
by nearby industries. 

As shown in table 6, about 38,000 acre-feet of water was pumped by iiidustry in 1969. 
I t  should be noted that for the counties lying p:!rtially in the study area only the industrial 
pumpage within the study area is given. 

Total Pumpage 

Total ground-water purnpage from the Snake Plain aquifer in 1969 is estimated to be 
1,079,000 acre-feet. Ground water for irrigation needs is esiiniated to be 1,000,000 
acre-feet, or  93 percent of the total withdrawals. Mrinicipal, rural-domestic, and industrial 
ground-water pumpage is estimated to be 79,000 acre-feet or 7 percent of the total. 

Ground-water withdrawals for irrigation needs greatly exceed nonirrigation pumpage to 
the extent that the potential error, pliis or rninus 10 percent, in estimating irrigation 
pumpage is greater (100,000 acre-ket) thari the totai nonirrigation purnpage (79,000 
acre-feel). I t  is, therefore, impractical to evwluale the accuracy of the iiie composite 
pumpage total with the present data, 

Aiihough no rneans were ihund to assess the accuracy of the nonirrigalion pumpage 
estimate, the values attained agreed favorably with those found during some previous 
investigations. Although no attempt is made tcj compare or evaluate previous estimates of 



Table 5 

Rural-Domestic and Livestock Ground-Water Pumpage, 1969 

County 

Domestic and 
Domestic Livestock Livestock 

Rural Population Pumpage Pumpage Pumpage 
in Study Area (acre-feet) (acre-feet) (acre-feet) 

Bannocka 

Binghama 

Blaine" 

Bonnevillea 

Buttea 

Clarka 

Fremonta 

Goodinga 

Jeffersona 

Jeroine 

Lincoln" 

Madisona 

Minidoka 

Power" 

Total 

a Part of county lies outside of study area. 

Includes Fort Hall Indian Agency. 

c inciudes State Youth Training Center. 



Table 6 

Industrial Ground-Water Pumpage (self-supplied), 1969 

County 

Bannock1 

Bingharnl 

Blaine! 

Bonnevillel 

Buttel 

Clark1 

Fremontl 

Goodingl 

Jefferson1 

Jerome 

Lincoln1 

Madison1 

Minidoka 

Power1 

Total 37.935 

' P u t  ~f county lies outside of study area. 

irrigation withdrawals with the present withdrawal figure, it should be noted that these 
previous estimates of total pumpage show 920,000 acre-feet in 1959 (Mundorff'and others, 
1964, p. 23) and 2,100,000 acre-feet in 1965 (Norvitch and others, 1969, p. 9). These 
estimates were based on the best data and methods available at the time they were made. 



Using the method developed in this report, it is now possibie, on either a monitoring or 
a one-time basis, to provide a value for the quantity of ground water withdriwn for 
irrigation use fronl the Sriake Plain aquifer whose accuracy can be quantitatively eva!~lated. 
The same method is probably applicable to smaller areas of ihe aquifer, to  tributary basins 
of the Snaite River Plain, and to other parts of Idaho. However, improvernent of tlris 
method for estimating irrigation pumpage will depend largely on the additional cooperaiio~ 
of the basic-data suppliers and on the refinement of existing well-discharge measuriiig 
procedures. For example, the valuable data on irrigation pumpage could be more sinply and 
more reliably corf~piled if :he irrigation-record systems of utility companies included 
identification of the type of pumping installation served. A t  the present time, their records 
do not distinguish between well, relift, or  booster instaiilitions. identification of these 
accounts as to  use would grearly reduce possible errors in determining the number of wells 
in a study area and the total power consumption to  be assigned to  those wells. 

In making futurr! studies of this type, ii is :lesirable that totalizing watermeters bc used 
as a means of measuring the discharge of closed ilrigation systems (sprinkler). Although the 
results attained by measuring :he sprinkler liead pressure and orifice size were vely 
satisfactory, the time and manpower involved in making discharge measurements were 
considerable. 
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