
{ / t-G LCJ(/r 
""f .. , ' 

~ '10' tf8 
1 DO-22034-U8G8 - f'T '3 

GEOG:BAPRY, GEOLOGY JJm WA!rER EESOUROllS OF ~BI 
NATIONAL DA.OTOR TESTIEG S',U.!ION, lIlABO 

PART 3. XIDBOLOGY, Am> WATER RESOtmO!lS -

13y R. L. liaee. J. W. stewart. 'If. C. Walton and others 

Report not renewed for oonformanee with 
Geological Surv~ editorial standards 

aud. ueage of geologie names. 

Prepared tor the U.S. Atomic J:nergy Commission 

:Boise. Idaho 
1959 

Administrative !.eport 
Not tor PUblic Release 





UNITED STATES DEPARTMElfl OF THE INTERIOB 
GEOLOG! CAL SUBVEY 

~iATER RESOu:aOES DIVISION 

GEOGRAPHY, GEOLOGY A..'Iffi W.p-.TER RESOURCES OF THE 
NATIONAL REACTOR TESTING STATION, IDAHO 

PART 3. HYDROLOGY.A.ND WATER BESOu:aCES 

~y B. L. Nace. J. W. Stewart~ W. C. Walton and others 

Beport not reviewed for confonnanoe with 
Geological Survey editorial standards 

and. usage of geologic names. 

Prepared for the U. S. Atomic Energy Oommi ssion 

~oise. Idaho 
1959 

Administrative Report 
Not for Public Release 





PREFACE 

This report embodies results of the work of m.any people in addi t-ion 
" 

to the authors~~ They oontributed much field and laborator,r works 

prelimina.ry notes, suggestions and, most important of all, ideas 0 Also, 

they helped. with the vri ting of earlier speoial reports which have been 

used as referenoe material. Special recognition is due to the follow-

illg members of the Geological Survey: J. T. :Barraclough, Morris 

Deu.tsoh, F. E.Fennerty, X. R. Fowler, J. It. Jones, I. So Mo~een, 

Alan E. Peckham, Rex O. Smith, R. E. Skibitzk:e, O. V. Theis, W. Io 

Travis, and P .. T. Voegeli. The authors are grateful to these geologists 

a.nd. engineers for their help. Some of them are co-authors of parts of' 

this report, as indioated in the table of contents. All sections not 

o therwi se credi ted, were wri tt-en by the senior author 0 
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GEOGRAPHY; GEOLOGY 1> .. Jf.D v!ATll1E RES01JltCES OF TEE 

l?.A.RT 3.. HYDROLOGY AND WATER RESOURCES 

:By lie L9 Nac;:e, J. w. Stewart, Wo o~ Walton and others 

Il1TRODtJCTION 

?tlRPOSE AIm SCOPE OF REPORT 

The ground-water yield of th6 Snake: ru. "Jar Plain f:r'cm the area. 

through large spri:ngs in the valley of the Snake Ri'l!6t"p of which the 

Hagerman Valley is a p;;t't'to Wa:ter wslls on the NRTS tap the same body 

of ground. water that fee-is the spr3.:ngs ~ Pumpage from the wells is a 

beneath the NETS are capa'ble of yielding ma.n;y ".;·~~m~s the amount of water 

now pumped. Nevertheless» the water demand of the NETS is bound to 

in~rease and the increase may be large. Therefore~ it is desirable to 

know the potential perenn!a1 ~~l,eld of aquifur;'! "brmea.th the NRTSo .An 

estima te is derived in thl s repo:r<i:: 0 

1 



2 

is di vened directly from springs to genera~e hydroelectric power. Use 

of ground-water on the Snake River Plain has increased markedly since 

1946 t and by 1965 developments on the plain will require pumpage of about 

25 pct of the perennial ground-water yield of the area. Consumptive 

depletion, chiefly by irrigated crops~ may be on the order of 15 pct of 

the total supply. If the water requirement of the NRTS increases greatly, 

the station will compete directly with other water users within 20 years, 

if not sooner. In some parts of the plain, water developments alrea.d:1 

have created local conflicts of interest. 

These few facts about the water outlook are SU£ficient reason for 

the interest of the Commission in the quantity, occurrence, source, 

movement, and. chemical quality of the ground water.. The regional hydro-

logic relations ct! the water beneath the N:e.TS t the mutual effects of 

water use by the Commission and by others, and the ultimate or stabi-

lized water regimen that ma;r be expected on the Snake River Plain are 

among the more important factors in the wa'~er si tuation. The publio-

health hazard. that may be created or threatened by routine waste, dis-

posal or by an accident with radioactive materials is a problem of 

related importance. The hazard. would apply to a large segment of the 

Snake River Plain because the ground-water body is essentially plains-

wide. The problem, therefore, is regional, and certain sections of this 

report deal with the large plains area bounded approximately by the Snake 

River on the south and. west from :Black:!oot to Bliss, by the Mud Lake 

basin on the east, and by the mountain complex of central Idaho on the 

north (fig. 1; see also pl. 2 of pt. 2). The land area so circumscribed 

comprises about S,OOO sq mi. 
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FIELD .AND LABORATORY "ilORK 

The g!-ound-water geology and ,bydrclogy of the ImI:S was studied 

(';:o~ent1y with t.'ite geoli')gic: work d..(~;;;C'a"lbecl in part 2. Geologi~ 

mapping and study of basalt outc:rops helped. to delineate the vater­

bea...-ill€; proper'Ues of the basalto Test drilling a.ided the delinea.tions 

yielded information a!tout the occU!"renc~ of ground water and the posi­

tion and conf:tgu...""ation of t:he .. ,rater ta'ble s and prond~cl a network cf 

observation wells. 

Stud..v and description of the general g!"':und.--lI1ater ge:c'logy of the 

ImTS was assisted by Morris Deuts:::h, J. R. Jones, R. 0 0 Smitht P. T. 

Voegeli t and Sc W. West. R. C. Garson, Eugene Shuter, and H. G. Sis~o 

made most', of the water-level measurement,s. J. T e :Barraclough. studied 

the discharge of the :Big Lost R.i.'er and made most of the direct: measu:r'e­

ments of diso:harge. A recording gage near old Pioneer station is 

operated by the Geological Sl:tt7e;:;r, and anr.'.1.al report,s on the stream­

gaging have been prepared by Wa~me I ~ T:r'a,,:"1,s. La-br"ratory work in Idaho 

was chiefly by 1. So lJicQ:u,een and J. 1'1. Stewa.~, a.ssis~,ed by other members 

of the Geological Su.rvey. Work at the Den:rer Hydrologic Laboratory was 

supervised by Ao I. Jolmscn, engineer in C".ha.1'ge. Geochemical and geo­

physical field experiments on ground-water beha:;riol" were by H. E. 

Sk1bitzke, assisted by A. Eo Robinson! both from Phoenix, Arizona. 

Ohemical analyses of water \'lere made in Gec\l~)gic.al SU!""i7'sy laboratories 

at Salt Lake City. Uta...i-;.! and Portland, Oreg. Radiomet::ric ana.lyses of 

"'ater samples were made in the vlashingtcn, D. C < labora'l;or'ies of the 

Geological Surve.y. 
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The well-numbering system used in Idaho indicates the locations of 

wells wi thin the official rectangolar subdivisions of the public lands~ 

wi th reference to the :Boise baseline and. meridian. The f1rat two sag-

ments of a number designate the township and range. The third segment 

gives the section number and is followed b7 two let~ers and a numeral, 

which indicate the quarter--section, the 4o-acre tract, and. the serial 

m:zmber of the well wi thin the tract. Quarter sections are lettered a, 

b, c and d in counterclockwise order, from the northeast quarter of 

each section (see diagram). Wi thin the quarter-sections 4o-acre- tracts; 

are lettered in the same manner. Well 2!i-3lJ!l-35del is in the swtSEt 
sec. 35, T. 2 N., R. 3 E., and is the well first visited in ~t tract. 

6 5 4 3 2 1 · · · · · · · · 7 S 9 10 II 12 ..... .. b· .... ...... . c· ...... 
'l! · · · · lS 17 16 15 14 13 2 · · · · N · 3,5- · 

19 20 21 22 23 24 

~ 
· · · b · a · · · 30 29 2S 27 26 25 ........ .. c· ...... .... .. d ....... 

It 
~ffi ~ 

· a: 
31 32 33 34 c . 

· · · · 
R. 31 E. 2!i-31E-35dcl 



Hydrology, t.he science dealing with water, is concerned chiefly 

wi th vater in its course from the place where it falls on the la:nd. to 

where it reaches the sea or is returned to the atmosphere. The hydro-

logic cycle consists of a general circulation of vater fram the sea. 

into the atmosphere, onto the land, and .back to the sea. The major 

cycle contains ma.IlY subcyoles. Geologic and physiographic factors are 

two of the principal natural environmental factors that affect local 

and regional sUbcycles. 

NATURE OF TEE CYCLE 
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Some preCipitation is interoepted by vegetation and other obstacles 

and is re-evaporated directly; some evsporates from the land surface and 

f'rom lakes and pond.s; some rans off' at the stIrf'ace; and some' become soil 

moisture and is transpired by plants. Ground.-vater recharge occurs only 

where and when the supply of vater exceeds the amount disposed. of' by 

these processes, which have, in effect, a prior call. Water in the zone 

of' saturation does not remain there forever but migrates inexorably 

through various enviromnents back to the sea. -

The Yater ~ly on the Snake Bi ver Plain is perennially dependable 

oIlly because it is replenished. directly and indirectly. by perennial 

preCipitation. PreCipitation on the plain and. its tribut~ areas is 

deri ved largely f'rom moist air masses that move in from the Pacific and 

Arctic regions. Mountain barriers between the plain and those regions 

wring most of the water from the air masses before they reach the plain. 

which is in their rain shadow. Water that is not oonsumed on the plain 

leaves the area through the Snake R1 ver and by ground-water underflow. 
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The Snake River is one of the most thoroughly regulated streams in 

North America.7 but additional regulating works are under construction, 

are authorized, or are planned. The surface-water supply upstream from 

:Bliss probably will be in full use wi thin 20 years or less. 

The Snake River Plain is the gathering ground for surface water and 

groUlld water that originate wi thin an. area mu.oh larger than the plain. 

The grotmd. water, most of which is in the Snake River basalt aquifer, is 

the only abUDdant and thorough17 dependable water so:pp~ that is directly 

available to the NETS. Some su:t"face water runs into the Station and con­

tributes soil moisture and ground-water recharge by seeping into the 

ground, but there is no Itthrough-goi:cglt surfa.ce drainage. Relatively 

little ground-water recharge occurs from precipitation directly on the 

plaint and underflow from more distant sources is the chief means of 

replenishment. 

PRECIPITATION AND EVAPO~ION 

Precipitation ra:cges between 6 and g in. on the central part of the 

Snake :a1ver Plain and between 10 and 12 in. in some border areas (see 

part 2. p. 26). Precipitation is greater in the east than in the west, 

being ~bout 16.2 in. at Ashton and g.g in. at :Blisso PreCipitation in 

much of the area barely suffices to supply the soil moisture needed for 

survival by the sparse growth of 'desert" shrubs and grasses. Most of 

the water precipitated on the plain is more or less continuously evapo­

rated and transpired from the land where it falls. 
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pr'ecipi taticll tha..c"1. doe\\' the plai!.l., ·C-:l:~ SCll'!1'9 va::i.J,eys are n.ea:r.1y as dJ:y a.~ 

the plain: Fo!'" e:r;ample 9 preelp! tat-:ion. :ts 1503 in. at Ha;tley and 1401 in. 

at Hill Citys but it is ~!l..ly citc'I'1.1t !c3 in. 3:i,; Challis a.nd. 9,,3 in. a.t 

Mackay Ranger Sta.tion. On the t;igher Il:i;:unt,ains in areas tributary to the 

Sr.Lake :Riye:!" Plain, pI'ec:dpi.ta:tion :falls la.!"gely as snow du.;ing September 

through April and t,he ws,ter eq:'-'.i?alent :p~obabl:1" l"snges up to 35 in. or 

more. !fhe seasonal pattern of precipit.ation en the plain differs from 

that in the mountains t mid.s'Ummer being the time of heaviest predpi tation. 

wr...ich cause relatively :t"a:ptd B"tapor'at! on and. t:r:'anspiI'ation. 

RmWFF Al:i"!) INFILTEATION 

Oertain regional pec;uJ.iar~.ties a.bout :t"I..lnc>ff are decisive faetors in 

the hydrology of the Snake River Pla.:tn. espe~ia.ll'Y the ground-water 

h;vdr'ologr 0 Precipitation ttlr ectly on the pla:in yields praotieally no 

ground. Precipitation generates c:onside,rable r'Ulloff in mountains north 

of the plain and. some of the water later sinks into the ground and 

reaches the plain by underflow. Water that reaches the plain at the 

surfac:e sinks into the ground a..""'Ound. the edges of the :plain. !l!hus, 

unconsumed s'UI"fac:6 water from In".leh of the t:r'ibutary area. is a SO'lll"Ole of 

replenishment for ground water' bene.a.th t.he plain. 

The Snake Pd,Y6r. the ma:in~,,:;em sur-fac:E" drainagews.y of the plain, 

derives some millions of ac;:t<e-feet: of ML'lOf':f yea.!'ly from the mountains 

of eastern Idaho and northwestern Wyoming. In ree:ent years, however, 
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owing to regulation and ~l.se of the ri'(!'el" wa:iJer, the average disclla.t'ge 

the years no water sp::Llled pa.s~ !Ulner Dam. The -..,ater diverted for 

irrigation is used and reused one to s~e:ral times on the plain. The 

net consumptive use by e"ll"apotranspiration on c:rop lands was not ca.leu:-

lated, but a large unconsumed residual volllOle of the diverted su.r.f'a.ee 

water enters the ground and recllarges the ~und watero 

The water-bearing, permeable Snake :ru. '!jar basalt rests on nonperme-

able older rocks which crop out along the east wall ·of the valley of the 

Snake River betw~en Milner and Bliss at many plaGes above the level of 

the river" Ground water is disc.ba:r'ged. at the surface in springs along 

the top of the basement r'Orak9 'Which toms a natural dam over which the 

water spillso The yield of the springs is an a]?:p:t"Oximate measure of the 

unused ground-water yield of the 'basin to the east--currantly about 

490009000 ac-ft a year 9 whi<ih is about 30 pet, greater than the estilnated 

of the water now dis~ged by the springs probably is unconsumed irri-

gation watero In the natural w.ter regimen 9 all smacs water yielded 

by valleys tribut8r7 to the north side of the plain formerly reached the 

plain and became grou.nd watero Now 9 however g much of the tributary 

surface water is consumptively used 'by irrigated crops. Ground-water 

recharge from those sources decreased concurrently with the increase from 

Snake River water., The regimen is complicated also by iarge withdrawals 

of ground water trom wells east of the springs. For these reasons the 

aggregate discharge of the springs does not represent the perennial gross 
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supply. 

BIG LO ST F.1 'VEE 

4mi R. 27 E. The 

the gaging station and o.ovms";:r-e.aIll at 't,en tempora.ry measuring stations 

along a 4o-mile rea~h of the ri"ar c~ne!. Thsir lOGations were shown 
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water for irrigation have drastically curtailed runoff to the plain. 

Mac~ Reservoir regulates the riTer above Ar~09 and irrigation diversions 

above and below the reservoir deplete the flow. 

"Old-timeri! inhabi tanios of the area report that during seasons of 

high rlmoff in former times the river ~ommonl7 reached the first and 

second Big Lost BiVer plqas east of Rowe. Jew people have seen ponded 

water in the third and fourth plqaso 'l!he late George Walker.!! a 

resident of the area from 1882 to 19519 saw lithe waters of Birch. Creek 

and the Big Lost River mingle" several times in the fourth plqa, but the 

Big Lost River probablY' has not reached the fourth pl~a since the turn 

of the centUl70 Water has rea.chsd the first playa in substantia.l amount 

in ~ Y'ears-1921. 19229 19239 1927p 1938, 19439 19449 1947. and per­

haps otherriJ 0 In 1943 JIr. Crandall observed water extending along the 

outlet channel from playa. 1 toward the secsand pl~9 but he believed that 

no water had. reached the second playa. since 1919o The first and second. 

playas contained ponded water during part of 19520 Water reached the 

first plara again in 1953. 

The four pla.yas in the northern part of the NRTS are connected bY' 

shallow channels. Playas 1 a.Ild 2 are in the northeastern part of T. 5 i. t 

R. 30 11.; plqa 3 is in the south-can tral part of T. 6 N'. \I R. 31 E. t and 

pl8?a 4 is in the northeastern part of To 6 N., Bo 31 Eo (pl. 1). The 

Oral coll11lrllllication, 1951. .Accord1.tlg to Lynn Cr8lldall, Snake River 
Watermaster at Idaho Fa.lls 9 Idaho (written communication. ~ 1, 
1952) it is said that Birch Oreek and the Big Lost River mingled in 
the "lover sinksM in 199~. 

iJ Lynn Crandall, written communication, ~ 1, 1952. , 
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playas were flooded re:peat;ed.1;y- d.uring recent geologi~ time, a.Ild they 

contained ponded water during periods sufficiently long that distinctive 

shoreline" s.."ld. offshore physiographic featUt"es developed.. Clima.tic cb.a.nge i 

probably including reduced precipi tationt rn.s;v have reduced ranoff d~ 

relatively recent geologic times. 

Nowadqs, the smell amount of water discharged past the gaging 

station near Arco during most of the year is dissipated by evaporation 

and. seepage within a few miles below the station. The cha.nnel ordinarily 

is d.~ below the old diversion dam in the NETS in sec. 5. T. 2 N., 

R. 29 E. During periods of raised l"Ulloff, water sometimes reaches the 

crossing of 1:I1gh.way 20 in sec. 33, T. 3 N. t R. 29:m. At still higher 

:runoff stages, the river extends several miles farther downstream, as it 

did late in 1951, 1952& and 1953. 

Discharge !! Station ~elow ~ 

The records of daily discharge past the ga.giIlg station are published. 

e:r:m:ua11.;.!. 1:I1gh windr channel moss, a.Ild ice were miner disturbing 

factors at times during the period of record. In general, however, the 

daily records probably confoHl to usllal standards of accuracy - that is, 

within 3 to 5 pct. Table 1 shows the ma.timum, minimum and mean yearly 

discharge at the station during 9 water year~ of record. The mean 

U. S. Geol. SurveY Wate:t-Sl:..pply Papers 1093 (1947), 1123 (194S) t 

1153 (1949), 1183 (1950), 1217 (1951), 1247 (1952), 1287 (1953), 
l347 (1954), and 1397 (l955). 

~y oonvention! any water year begins on October 1 of the preceding 
year. The 1947 water year began on Oct. 1, 1946. 
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records of miscellaneous m~a.s'i.U"eme.nt,:i$ of dis~ha:rg9 at the temporary 

tables 1 and 2 of A.ppendix 20 Th.e mean anm:tal and mOllWY discharge of 

the river during the period ~f record is represented graphically in 

figure 2. 

Table l .. -MaxiIll"J.lD. and minimwn instantaneous and yearly mean 

discharge of Eig L~st River below A.rco g 1947-55 

Ma:d.n'nm Miniw1!!l 
Year Date Ofs Dats Crs 

1947 6- 6 285 

1948 6-15 171 5-20~ 21 3~O 

1949 6- 3 237 5- 7 909 

1950 4- 3 102 5-22 501 

1951 8- 6 272 ~ 

1952 6-11 698 8=25 36 

1953 6-17 251 5=14~ 16 9 18 16 

1954 1-23 }j 85 5- 99 10 6,,0 

1955 10-31 £V 52 6- 2 :dI 05 

1947-55 6-11-52 698 6- ~55 207 

Mean yearly 
C:f s Acr&-f eet 

8303 

37 .. 0 

3206 

2500 

39,,6 

171 

SO.8 

39.4 

1609 

60 11 260 

26 7 870 

239 620 

18 t 127 

289 649 

124 11 310 

58 9470 

28,530 

61111g 

41 1 669 

Not deter.minedo Estimated minimum daily flow of 10 ds Jan. 28 
to Feb .. 2. 
Maximum mean daily di scllarge • 
MiIlim1lm mean daily di scllarge . 
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D1 scllarge in 1951 

Precip1 tatioll in July and. August, 1951 and 1952 exceeded the notlrial 

amount in ma.cll. ·of southea.stern ldah~ (table 2).. During those months in 

1951, precipitation occtU.l"'!'ed. cl:rl.e.fly durl.zJ.g a. two-week perlode Abou; 

two in<Shes of rain fell on Au"".oust 3 in less than an h.our during a. 

cloudbU't"trt on hills nea!" Arr:J.t; 0 The; mai~ il"r:tga.tion-di version cana.l 

below Ma.G~ Dam was ove:r1ca.ded. and bl"eachei after the cl.oudbUl"st; 

several lateral oanals and. d! tches failed., and. the M!lal headgate had 

to be closed. Water from the b~eached canals$ undiverted water in the 

:Big Lost River, and fla.sh runoff floodei thousand.s cf cwres, including 

the town of Arco. At the gaging station below Areo, the river rose 

sharply on August 3 (fig. 3', res.cned a. peak on August 6, and returned 

to normal on August 19. The storage level in Maclal.y Reservoir, about 

20 mi. above Arco I was high, owing to 'UllUSually high. I"UtI.Off late in 

July and early in August. :Becs:llse of disrupted. diversion works upstream, 

an unusually large amount of water was released. f:rom Maoka\v Dams and. the 

discharge below Areo reached. a second.a.ry peak about August 280 Uter 

September the discharge rate fluotuated. in a grad:uall.y rising trend 

until early November, after vh1ch it leveled. off lmtll early in the 

spring of 1952. Du:rillg se'Veral months thereafter the d.1sr:lh.arge rates 

and. fluctuations were high. 



Table 2.--Departure from normal precipitation at stations in south­
eastern Idaho. July and August 1951 and 1952 

{inches of water. From published records of the U. S. Weather Bureai/ 

(T, total; D, departure from normal; N, normal) 

.J:.951 ~---... 
Jul;[ - AUgtlgIt - July __ ~ A!1'@if~_._._._ 

T N D T N D T N D T N D 
._,~ ____ ,-.... .... IOC.> 

Aberdeen Experiment 
0042 0,,68 0.,50 ~Oo42 station 0053 0,,50 0,,03 1.10 0,08 1023 0,42 0,,81 

AriJ,1i ~. 1,,24 055 069 ~2g .60 ~c32 

Blac.kfoot 025 ,,66 ~o41 1.11 064 047 .28 .66 ~e3g 029 .64 ~.35 

ChHly'-<Barton Flat 202<7 ,,60 lo6{ 3.17 .. 95 2022 1.30 .60 070 "Ji5 0'3) ~¢Sfj 

Grouse L24 .TT ~4I .86 082 004 079 .77 ,,02 1~6? o 3~~ 085 

Hamer 10m .4'7 1037 4.22 080 3042 1.11 047 ,,70 5"' o. ,.1L, eSG - c~:~9 

Idaho Falls .. 22 062 ~o40 2.43 059 1084 007 062 ~o55 ,,53 .. ~)9 ~"o6 

Mackay RS 2.31 085 1046 2071 078 1.93 1083 .85 .98 1069 .1S ,,91 

Reactor Testing 
statj,on .,38 .29 

I-' 
OIl 
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:By the time repair's vrere made to b:?:"eac:hed canaJ.s in the :Big Lost 

River V'slleY'~ the main irrigation season was past p the sTciJrage level was 

still hi~~ in Mackay Rese~oir~ and there was no need to divert or store 

mtlGh water for it'r'igation. The river belo'.1' il.r(So continued to d1scllarge 

more thEm the nc:rm.a.l amo'l.m t of we. tel' during the rest cf 1951 and. the 

first half of' 1952~ and. water' extended far dovm the cll.annel through the 

NRTS .. 

The discllarge of the riveT.' below J!..:Fcc 'Vras a:t:~V6 normal during most 

of 1952, the yea.t" having the higheg~ mean daily discb..a.rge rate in the 

9 years of recoI"d. :Before 1952 the ma:ximum discha.'r'ge was 2S5 d's, on 

June 6, 1947. That amount. wa.s excc;eeded en 5S days :l.n 1952 and a new 

ma:x:imwn of 681. d's oc>curred on June 11. The hi.gh I"UllCff was derived from 

the melting of 'imusually hea.vy snow that a,cJ::J'.:tm'lllated on the entire water­

shed from Deoember 1951 f,h'r'~'Ugz.'1 Februa.:ry 19520 

The relation of the :Big Lost ru. Vel' to the water table in the 

vicinity of Aroo and upstream from there changes from time to time and 

place to place, but the rive!" gains in aggregate flow from effluent 

ground water. Do\,mst:r.'eam from .A:r:GO the "Jater ~a.ble drops some hundreds 

of feet and the riveT' :is perc'r.ed far abo~?e it 0 Prac:tic-ally nothing is 

known about percolat:l.or: losses betveen A'r:,o and the gaging stati.on 

below Arco. :Belov .. the gage~ losses "reT'e measU1"ed '''hile the d.i sch.a.rge 

was high in 1951-520 The losses meas~ed in~icate the magnitude of 
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infil tration rates in materials like those in the channel of the Big 

Lost River 9 and infcrmation abou.t ths rates may be useful in planning 

the di sposition of liq':dd 'Ifaste in the g!'ound.. 

From 1951 to 1953 nine sets of d:is~harge measurements were made 

along the main channel of the Big Los~ River~ and inflow and outflow in 

the playa areas were measured. Water was ponded in three of the four 

playas ill 1952, and the seepage losses in the pla:ya.s were compu.ted.. 

Throughout the gravelly part of the flood plains the river bed is 

permeable and the loss of water by infiltration is proportionately large. 

The flOwing reach of the river extends far into the NRTS only when the 

discharge exceeds the seepage rata through the channel deposi tso Also, 

the river is able to extend. its flowing reach, when runoff persists 

long enough. for seepage water to saturate the sediments beneath the 

channel. On A.ugust 2, 1951 water extended along the channel to a point 

about midway between the abandoned diversion dam on the NETS and the 

bridge on Highmw 20. Following the cloudburst and canal failures o:f' 

August 3, water extended a short distance below the h:1'ghway bridge on 

August 4; beyond the Lincoln Boulevard bridge in the NEt sec. 24, 

To 3 No, R. 29 Eo on August 6; and to a ford on the West Monument :Road 

in the swt sec. 3, T. 4 N., Ro 30 Eo on August 9. A trickle of water 

flowed into playa noo 1 on A~t 31. 

Channel Losses 

The sur:f'ace areas of measured reaches in the river cha.Dnel 

(table 3) were computed from stadia measurements of str~ehannel cross 

sections at half-mile intervals. Linear channel distances were scaled 
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_____ ........ _____ ' __ ~~ ______ ~~~o __ .. ____ ~_. __ _ 

Rivel' !ilne~ 
Sta.tion 

1 

2 

3 

1+ 

5 
,. 
b 

7 

g 

9 

1-9 

fr~m 
reie:oenC"€ poi}:,~2../ 

O"g 

14 .. 3 

19·7 

22.0 

2607 

30 09 

34~5 

40.,2 

42 .. 6 

ReferenC6 point: 

__ --:L=., ?~:!"'" __ ._~ 
mles l<;,oE', 

---------------~-------------

1305 71 9 280 4800 3,420 p OOO 

5.4 28,510 .." r. ~,t 
)"je- 1"112~OOO 

2.3 <;'? 14·; 
~-t- -- 36,,4 442s 000 

41#7 24;;< ~2:: "4;;.0 
.' -' 820,000 

402 22?l3Cl 23,,1 5129000 

3.6 13f,IY~Q -~ 
,.. 

676,000 ):JoO 

507 30 r 1OO 3800 ltl40~ooo 

2 I, 
o~ 12 r 670 29.9 3749 000 

4.1 0 8 220~70() S~4969000 

station. 



Table 4o-Averags ini'i1t:t'a~lon I'ates in Big Lost River below 

:;;:.a:':icn 19 1951~52 

~~~2gs. r'ai~~ 
Da.te 0.t~ st i of ct.! :ft2 gpd/ftF , . . ) 

~::i;5.a.ndS 
.......:~ - -----. -

Aug. 16-179 1951- 6309 5,521 00 677 501 

Aug. 30-319 1951 7003 6~O70 0746 506 

Sept. 13-14g 1951 9603 Sv320 ·9130 704 

Nov. 2-39 1951 65.S 59 690 .697 5.2 

Apr. 30-May 19 1952 111 99 600 1.13 gog 

May 22-24 9 1952 130 11~200 1038 1003 

June 30, 1952 90 79780 &955 702 

Sept. 15-17 i 1952 5004 4~350 ,,534 4.0 

Apr. 8-109 1953 22 0 8 1,,970 0242 1.3 

Average 0.820 602. 



Table 5.--Average infil tratioll rates in measured. rea.ches of Big Lost Rhel', 1951""'53 

Rendl 

S1;3o. 1=2 

Stan 2~3 

Stan 3-4 

Sta. 4~5 

stan 5-6 

StH. 6-'7 

S tn.() '7~8 

Si;,cle f~J 

Sh3,. 2~6 

St.a. 6~9 

S !ja. 1'-6 

St;:1. 1~',9 

._--._--
,~_~~~th Wetted area , f - ----.-

MUss ~ --Fee'r (thou.sands of !'y5,?~~_!,!eeQEI.~ .... ~ ~ Tetal seepage 
, __ ._. __ .~9.-,~ dd it," gpdjft"" (th.O'J.SaIid.S 

13·5 

5.4 

2·3 

4.7 

4.2 

306 

5.'7 

2.4 

16,,6 

n.7 

39.5 

41.8 

71,280 

28,510 

12,140 

24,820 

22,180 

19,000 

30 ,100 

12,610 

.87 t 650 

61 t HO 

208,500 

220,700 

3,420 

1.112 

442 

820 

512 

6';6 
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'/ The a~~C:·i.unulat:1v~ tol;als of 11n~8 1 to g d,) nol, v.gn:.ewHh the c<:'UlpDund totals in liIl'iHl 

9 t;) 12 b€lea1.tse no roeas1trements were slmultI3.11eri:;~0 and rhe compound totals art! 
from averages on days 'when th~ stage of the r':l.'rer (1 Hf ert3d. from that. on days 
when tlll'.gle segments 'vr<?lre meas1Jred. Heverl:heless!.;he totals correC!tly show th-e 
general magn:l:bude of seepage losses. 
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The rates of iIlf'iltration along the river ch.a.mlel were quite uniform 

until the time of the measurements on April &'10, 1953, when the discharge 

rate was moderate" At that time the iIlf'iItration rate was much smaller 

than it was during earlier periods of moderate discharge. The change in 

the infiltration rates occurred after the river had maintained a rather 

steady flow at medium stage throughout the winter of 1952-53, following 

the higher stages in the summer of 1952. S11 ting of the channel lIIS\V' have 

reduced its permea.bili ty, and prolonged seepage may have saturated a 

considerable volume of gravel beneath the river bed and decreased the 

subsurface hydraulic gradient awa::; from the river. The most permeable 

reach for which the infiltration rate was determined was that between 

stations 5 and 6, where the rate averaged 2.52 cfd./fti (18.9 gpd/f't2 ) 

(see table 5). A general direct relationship between river stage and. 

rate of infiltration is shown by a plot of the data in table 4 (fig. 4). 

The maximum observed aggregate rate in the entire reach between stations 

1 and. 9 was 10 .. 3 gpd/ft2 on Ma;r 22-24, 1952, when the discharge at the 

gaging station was 130 efs. The minimum was 1.S gpd/ft2 on April 8-10, 

1953, when the discharge was 22.8 cfs. 
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about 1 .. 3.1ft" Upst:f'eam l:::."om st,aHcn 2 the channel of the river' is cm.t 

chiefly in basalt; between staid,ens 2 and 6 it is chie:fly in grave~i 

downstream from st·a.tion, 6 the bed is j1'.a.nd and. s:llt.. A ClorrelaM:'tre 

change 1 s appaI'en t in the grade; of H~e ohaml.el (f ig. 5). The. a.verage 

segment t stati,ons 1 1;;0 9 (table 5) 0 

The average rates of infiltration in single l"eaches ranged from 

0 .. 2£59 to 2.52 cfaft t 2 (2,,2 te, 18 0 9 gpd!ft'2) 0 Du.ring the different 

\'" f if ~ • I~' 2 '1 g 10 3 ~mile gaged. segment vaI"iedrom 0 0 242 t;o l.o3B C:ld!~t ~'. tiC " 

gpd/ft2 ) 0 The average of the averages for: the nine se!'ies of meaS'f.1re­

ments was 0082 cfd/f't2 (602 gpd/ft2)~ which 19 more representative of 

the average ra.te of infiltration during the period. 

In~reasing dis~harge caused a. proportional inerease in the total 

volume of seepage and :1.:0. the aver'age ra:he cf 5.-! .. i il l::r-ation pe::-' unit, 
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saturation which were continuous with the river at places in the ground, 

which tended to redu~e the losseso Entrapped air in the ground also 

impeded infiltration. The water was comparatively shallow in most 

sections of the channel~ higher rates of infiltration would o~cur with 

greater depth of water .. 

Percolation in ~ Easins 

The rates of water loss in the Eig Lost River p~as were measured 

when they contained ponded water in 1952 and 19530 The discharge through 

inflow and. outflow channels of three playas was measured, the total water 

loss in each playa was computed9 and the wetted. areas were mapped on 

aerial photographs.. The loss by evapotranspiration was estimated by 

computations based on records of the mean monthly evaporation at three 

weather stations on the Snake ~v.er Plain at Aberdeen 9 Jerome 0 and Milner 

Dam. The infiltration rates ranged from 00719 C£d/ft2 (5 0 4 gpd/ft2) to 

o.OSS dd/ft2 (004 gpd/ft2.) ij and the average loss: in the three p~s was 

0.30S Cfd/ft2 (203 gpd/ft2) (table 6)0 

The ratio of the infiltration rate to the depth of ponded water in 

the pl~s varied considerably between playas and between the different 

times of measurement. The depth of water direct~ affects the rate of 

infil tration, but other footors also are importanto Some of these 

factors were the length of time the playas were watt-ed ll the nature of 

the underl.7'1ng sediments 1 the time of yea.r~ the temperature g and the' 

relat1 va h'lll!lidi ty"., 

.' 
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Pla:ya.s 1 to 3 are underlain by alternate laY<:lrs 9 a fw inches to 

gravel OCC'Ul",S in the ~en't.!'a1 part of playa 1 "beneath a. thin c;oysr of fine 

sediment 0 The uppermos't layer of sediment beneath the playas at lI1aIlY 

places is a c;:!"UStJ:ed layer "f ail t and clayey ail t; 0 The o;regetal cover is 

sparse Q consisting of s~l"'l.iliby desert shrubs and grasses. It was not 

practical to measure the depth of ponded water in the playas during the 

periods for which. water losses were computed, but the depth in parts of 

plqa. 1 was 5 to 6 fto In other pla,;ras the water at most places was 

only a few illl"'A.es deep" 

Most of pl~a 1 is in ae~9o 2 and 39 To 5 No~ Ro 30 EO D but a small 

part is in sec 034 9 To 6 No 9 R a 30 E.. The ma:x:1:mrun area of ponded water 

in the plqa. was about 287 a.c (about 1295009000 aq ft), a.t which stage 

some of the water spilled eastward into playa 20 The gross rate of water 

loss varied from 00317 cfd/ft2 (203 gpdjft2) to 00738 afd/ft2 (5.4 

gpd/ft2 ), and the average was 00469 ddift2 (305 gpd!ft2)" 

Playa 2 is in se~o 29 To 5 No~ Ro 30 Eog and a small part of sec. 

359 To 6 N. 9 It, 30 E. The ma."d.mum area of ponded va'ter in the playa was 

about 92 ac (about 4 9 020 9 000 sq ft), at whi..m stage water spilled east-

ward in an over.f'low channel toward playa 30 The gr't)ss rate of water 

loss varied from 0,,103 cfd/ft)2 (00'6 gpd/ft2 ) to 00684 dd/ft2 (500 

gpd!ft2 )9 and the average was 00309 cfd!tt2 (203 gpd/ft2 )o 

Pl~ 3 is very inegW.ar in form and lies in se~! s 4 and 5, 

To 5 H0 9 Ro 31 Eo and secBs 26 9 279 28 9 329 339 and 349 T4 ~ No, RQ 31 E. 

The total pl~ a.:rea is about 800 aC 9 but the maximum area under water 



in 1952 was about 595 ac:. A:n t.:l'U:rlet cr.ar...n.el extend.s !1.~rtheastward to 

nor'th.. Water d!d. not spr6ad into playa 4. The infiltration rate in 

p~ 3 was less t·ha.n. in the ether two be~.ause the materials in it,s 

floor ere less pe:rmeable.. The gross rate of loss ra.nged. from 0 .. 080 

dd/ft2 (0.4 gpi!it'2) tel 0 0 210 cld/ft2 (1 .. 4 gpd/f<i2), a."1.d the averaga 

O 141 _o/.co,.2 (1 , ft'n' !"q.2\ was" ~a.1 J. "" 0_ C1:'o./.,l, (i 0 

LITTLE LOST RIVER AND BIEDH CREEK 

The LH~le Lest B.:1n;I" sp~lls lnt;::, i is playa. ba.sin adjacent to the 

the Station. Pracrtica.lly al.l the wat,er in Birch Creek is diverted for 
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l.n-1.gation in 'UpstI"ealll aT'eas and. very little :r'UD.I:!ff rea.cll.es the Station .. 

LOCAL RUNOn 

Ephemeral r.m::;fi iTem the focthilla bords:d .. ng the NETS on the 

northwest reaches the Sta.tion. at times but;· :t"a.:!"e.ly sxtends beyond the 

edges of the all'U:"!ia.l fans at- the foot of the mountain slopes. Numerous 

short, epheme..'!<'Sl draiDagewa.ys are sc;a.tt-ered. over the rest of the Station, 

where they drain from low slopes onl:,c flats and. small pla:ya.s 0 

Many small pl~vas are s~tterei through the NETS (pl. 1, part 2)$ 

ranging in al"ea from less than an a.c:t"e to a few tens of' a~es. These 

Many of them c;onta:i ned po!cieQ water- d.u:ring thawIng of an unusually hea-.y 

snow Gover late in F'ebru.a:ry 1952. Rye-GT.'ass Fla.t~ the playa. just east 



water, and. a pl8\Va 2 mi north of the highWS\r junction was covered ~ 

about 2 ft of water& 

FLOOD .A.ND EB:O 51 OE' RA.Z.A.RD 

The flood hazard. on the NmS is relatively smallo :Birch Creek 

reported.l7 has not discharged water onto the Station since about 1994; 

it is not likel7 that much flood or freshet water originating in the 

upstream area (Wer will reach the E'RTS. A. local cloudburst might pro­

duce heav.r flash discharge and that possibility should be considered in 

construction plans. Clo'W!burst drainage across the alluvial fan of 

:Birch Creek, which extends into the northeastern :part of the lmTS, would 

spread out in distributary channels and might form a sheet flood. A. 

struet'llre, such as an air strip with its 10Dg axis transverse to the 

direction of flow of the water, might be im:mdated and litvered with 

debris at places .. 

The Litvle Lost Ri var terminates in a smaJ.l playa. near Howe, out-

side the lmTS. That area is to:pogrsph:1ca.lq 10w7 and. the possibilit7, of ' 

flood water spreading beyond the playa. is remote. In the (Went of a 

catastrophic flood, spill from the filled playa would be toward :Big Lost 

River pl8\Va 1. 

The :Big Lost River is a more imminent flood and erosion hazard. 

Altho'llgh the river seldom discharges lIl'tI.Ch water as far as the bridge on 

Higb.1f8.Y 20, it has reached there and be;rond to the first pl~ in at 

least 11 of the Tears since 1920, and perhaps in more 9 The" combination , 

of circomstanees that increased the discharge greatly- in 1951-1953 '!1J8'3 



A 

unlea.sh a. serlc,lus fl.'.?~do 

might red.uce the d.ischarge be.low ':'hs dJ:ver'S':;'or:, d.am to a volume within 

the Gapa.c:i ty c:f the cha.n:o.el. The possibility and pl"c'bable ext~ent- of 

11 After thE field "m!'k f;:~1:" this l"&P":!"': ,,;as ~:::::rple?'ed$ IllCldHic.a.ticru; 
"Tere mad.e c:f :.be !':.~t-=.:;:- ~;!1a.r:_l1e.l_ a:}~ (-ld. (a:· .. 6..j.;?~ !fiE:se ;:har;,gez 
materially alter tr!.E' 'l:'Ut.cif sn~;:at.l·:·t.lo 



DEPTH .Am) VELOCITY OF WATER IN THE :BIG LOST RIVER 

No spedaJ. study was made of channel erosion or of potential 

threats to oV8:r--cllannel struc:tures 9 such as bridgeso Inasmuch as the 

depth and velocity of water are functions of er~sion7 however7 some data 

on the depth and veloe! ty of water in the :Big Lost River channel are 

~ized in Table 70 

The ma.::d.mum depths of water listed in Table 7 are the maxima. in 

cross-sectio:na.J. areas where discharge rates were measurede They are not 

necessarily actual maximum depths in the stream reaches. Cr1 tena for 

the selection of measuring stations eommonly operate to avoid the deep­

est channel areas. 

The 'average~ velocity of the water in a stresm seetion where a 

discharge measurement is made is computed by dividing the rate of dis­

charge by the cross-sectional area of the water in the measured section. 

The maximum measnred velocity is a Mrepresentat1ve velocity"~ rather 

than a true maximum, because the true ma:rlmum is not determined for dis­

charge computations .. 

The velocities along the bottom and sides of a channel largely 

determine the erosive power ll while the variation of velocity in the 

vertical oolumn generally determin~s the characteristics and amount of 

suspended load. that can be carried .. 
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Table 7 o-E.epresentat:i.ve velo~i ties. dspths and ~ates ~f dis~harge 
of vater in the Bi.g It>st"; P.i "S"er s 195:1,-53 

LStat10n numbers r'e!'er \;,0 5~aticns shown an pl" lu Part if .. 

Vsloei ty ~f.t se~l.. MaxlmtIm DisClharge Station Date Average Ma.A-:immn. depth (ft) (ds) 
~ eo~:u.ted2 ( measu''f'edi 

1 9-14-51 1099 3,,28 1075 119 
5-'-22-52 3,,16 4,,29 3020 483 
6-24.-53 l.,,52 292'2 '" 5/'\ 120 i:::o' '" 

2 5-23---52 4.12 6)+6 2o~O 41+9 
6-25-53 1.92 2046 L·5 7905 

3 9-14=51 ,..., =-fr. 1+ ",t:::' 1024 6405 c::...'t>iV 0.J-; 
5-2~52 4e 22 6 -:.:4 2.,50 438 o~, 

6-25-53 2036 2 088 10 SO 7102 

4 9-1r51 L75 2015 L36 5601 
6-2g...;52 4.06 50BS 2 .. 35 399 

5 9-13-51 2098 4,,06 1036 49.4 
5-23-52 3·99 5099 2030 415 

6 8-17-51 1 .. 60 2.45 1,,20 19.4 
4-30-52 2.72 3000 236 

T g.,l7-51 1.034 2025 .. 80 14.3 
5-23-52 2092 40 40 2,,85 376 
9-17-52 1.62 loS, 1.18 63,,6 

8 8-16-51 092 1 .. 38 .. 61 6086 
6-30-52 2094 4029 3014 308 

9 8-17~51 062 076 062 4077 
5- ~52 3020 3 .. 20 209 



USE AND Q.UALITY OF sum'ACE WATEli 

Surface water is used on the NETS only sporadicallY9 as for road 

construction. The chemical quality of vater in the :Big Lost River is of 

interest chiefly because the river contributes to grotmd-water recharge. 

Table g shows the results of analyses of three samples from the :Big 

Lost River. No analyses were made of water from the Little Lost River 

or :Birch Oreeko The principal dissolved ions in the vater from the :Big 

Lost River are silica, calcium, magnesium, sodium ll potassium II bicarbonate, 

sulfate, and chloride. The water contains small amounts of iron and 

fluoride. It is moderately hard but is sui table in quality for all 

ordinary uses. No determinations were made of the suspended load of 

sediment in the water. 

!he groUlld water beneath the NR'fS is part of the great regional 

body of water that underlies the entire Snake Biver Plain east of :Bliss. 

The water occupies pores and other voids in the basalt a.tId in sedimen­

tary 1nter.flow beds associated with the basalt. It is replenished by 

several processes from numerous sources, but under.floy from adjacent' 

areas to the north, northeast, and. northwest 1s the chief source of 

replenishment beneath the lmrSo A small amount of recharge occurs 

directly from precipitation on the station and from infi1tratian along 

the channel of the :Big Lost River. 
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The bulk of the determinations of beta-gamma. activity were made in 

the laboratory- of the Atomic Energy Commission 9 and. this laboratory-, 

taking into acCO'1lllt its procedures and the send ti vi ty of its counting 

apparatus, considers that the baekgro'l.Uld. (natural activity) for beta­

gamma activity is 200xlo-12 c/L (curies per Uter.). 

ApplyiDg these eri teria, ve find that about ten pct of the sampled. 

sources have had. at one time or another, somewhat more than the baeln­

ground. level of beta-gamma activity. Less than 5 pct of the sources 

have had values of 4oouo-12 curies per liter, which is only twice the 

background. value. The values above background are not only few, but 

nonpersistent, for they occur only oeeasional~ in a series of determina­

tions from a given source. 

From the foregOing it appears that the radioaeti vi ty of ground. waters 

in the Snake River Plain is generally low, and commonly it is less than or 

barely exceeds the limit of detectabili ty against the backgro'1.llld radio­

activity. A. few samples have appreciable a.cti vi ty but it does not appear 

to be significantly higher than that of other natural waters from ~ 

other parts of the vest; hovever, valid comparisons with waters elsewhere 

cannot be made at present because of the differences in sampliDg and 

counting methods used by the several organizations and laboratories that 

are now making measurements of radioactivity of waters. 

lio pattern of levels of a.ct! vi ty has yet been detected, though it 

would be normal for one to enst. If so, it will be detected eventually_ 

/ 



to the west and southwest. Temperatu:re readings are not available for all 

seasons of the year~ but those recorded pro'Dably are representat1v89 

because seasonal variations are small. 

Some pumped samples of vater contained. mixtures of water from 

several prodUGt1ve zones in which the temperatures probably differ some­

what. The temperatures of those samples would not reliably show the geo­

thermal gradient, but from the standpoint" of plant operation they are the 

effecti ve temperatures. In general D higher temperat'tlres oocur at greater 

depth, but the trend is not very sy-stema.tio. As was mentioned earlier~ 

waters from certain wells near the mountain fl"Ont ~ for example~ vells 

3N-27l!l-9abl and :;N-27E-9ab2 - have unusually high temperatures. This may 

be caused by hot waters rising along faults. Also, the Snake .River Plain 

was the scene of comparatively reoen t volcanic actiVity t and the geothermal 

gradient probably is steep. Local temperat'tlre anomalies ~ arise from 

residual heat of volcanism. 

RADIOACTIVITY IN !HE WATER 

Since the establishment of the !mrS. the Atomic Energy Commission has 

made periodiC determinations of the radioa.ctivi ty of the vaters of the 

Snake :River Plain. The Geological Survey has made a small number of check 

determinations on samples from the same so'tlrces. The purpose of this 

sampling was to determine the normal values of radioactivity in theBe 

vaters and to deteot whatever changes oocur in time. The surface and. 

ground vaters have been sampled at many points and repeatedly at a number 

of chosen points. A compilation of the results is given in Table 12, 

appendix 2. 



The chemieal characteristics of these two waters probably va.ry­

seasonally-, especially- in the shallower aquifer tapped by well -7adl, 

owing to seasonal variations in the relative proportions of recharge b;r 

underflow from distant sources and recharge from nearer sources. Much 

more st~ is needed of the chemical characteristics of the vaters. 

TEMPEIU.!rUml OF THE GBOUllD WATER 

Diurnal changes in soil temperature extend to depths of only a few 

inches or feet, and seasonal changes extend but little deeper. In 

ordina.r;r rock and soil, the temperature a few feet below the land sur.face 

is about the same as the mean annual air temperature in that area. The 

temperature of ground. water in ver;r shallow aqaifers also is near the 

mean annual air temperature, but some fluctuation is caused b;r variations 

in the temperature of recharge water. 

Beneath the upper few feet of earth or SOil, the earth temperature 

increases downward, so that ground. water from successively- deeper zones 

is apt to be increasingly warm. Moreover, deep water is apt to be more 

nearly- constant in temperature throughout the year than is shallow ground 

water. The temperature in wells ma;r be increased ver;r slightl;r duriIlg 

prolonged heav;r pumping, because of the heat of friction in a pumped 

aquifer. 

Water from wells and test holes on the 1ml!S ranges in temperature 

from 50 to 66O:r t and. the arithmetic mean of the temperatures is 56. !he 

temperature in wells nearb;r on the plain ra:nges from l.!.5 to "gSO, but most , 
of the higher temperatures are in vells near the flanks of the mountains 

..... 

\ 

j 



Ohemical analyses show certain anomalies in the chemical character of 

waters from different ~arts of the NETS. For example. water from test­

hole 3N-29~19cdl differs in chemical properties from the water from other 

wells in that general area. ~oteworthy is the presence of chlorides. 47 

ppm; nitrate 401 ppm; noncarbonate hardness. 46 ppm; and dissolved solids 

228 ppm. The water from wells in that general vicinity is somewhat 

warmer than at most locations on the NETS. Some privately owned deep 

wells to the northwest, near the flank of the ~ig Lost River Range, dis­

close occurrences of high chloride and. warm temperature in that area. The 

water ~ be associated with a fault along the flar.k of the mountains. 

Similar conditions may prevail along the mountain flank northeastward from 

Arco to Howe. Warm mineralized water thus could be moving from the border 

of the plain southward and southwestward under the NETS. If flow of the 

water in the aquifer is streamlined, marked differences in the chemical 

quality of water ~ occur in relatively short distances. 

A. marked difference in the chemical qua.li ty of the water samples 

collected from two wells in the central part of the NETS is related 

directly to their origin from different depths (table 10, A.ppendix 2). 

Well 4N-30E-6abl derives water from basalt at a depth of 1,407 to 1,480 

ft, and. well -7ad.l taps water in basalt from a depth of 387 to 518 ft. 

The water from well -7adl does not differ greatly from that in other 

wells which tap the basalt aquifers, but the sample from well -Gabl 

differs markedly from all others collected on the Station. The water is 

very soft, low in silicae ca.lciumt magnesiuln! and sulfate i and high in 

sodium, fluoride. and boron (1). The temperature of 66°F is the highest 

recorded on the Station. 



partly because the basaltic aquifer is a ~:f'ast-circUlating" system which 

does not retain water in storage as long as is common in more slowly 

Looal Variations in Qaality 

Wi th a few exceptions, the ground-water samples tested are generally 

similar in cllemica.l. composition. Waters from wells near the irrigated 

areas to the northeast~ north9 and northwest of the NliTS tend to contain 

somewhat more dissolved solids than water elsewhere. Unconsumed irriga-

tion water from the Mud. Lake basin leashes mineral matter and. agriCw.-

t'llral chemicals from the soil as it percolates downward.. and inorements 

from that SO'llroe change the chemical composition of the water as it moves 

down-gradient. The greatest increase in concentration in the wells adja-

cent to the irrigated areas commonly is in Ca and 01. 

In some wells scattered through. the central part of the NRTS the 

percent sodium. is slightly higher than that in most other wells on the 

Station but much lower than in most wells in the southern and western 

parts of the plain. The cause of the difference was not determined, but 

it en sted before the beginning of large operations on the Station. 

Three wells in the northeast quarter of section 9g T. 3 N., R. 27 E., 

yield waters having appreciably higher temperat'llres than. in those of water 

from other wells in that general areao The amount of cHssolved solids in 

the wells also is comparatively high and is probably related to the tam-

perature 9 because of the higher solubility of some minerals in waters of 

higher temperatve. The temperature and quality may make the water less 

desirable for some purposes or necessitate more treatment. 



area in the Mud Lake 'ba.sin. Therefore, one might expect to find. some 

chemical differences between the water coming from the north and west and 

that from the northeast. 

The information noy available discloses no obvious correlation of the 

chemieaJ.. quality of the water vi th the stratigrap~, depth, or mineralogy 

of the aquifer. The proportionatelY' ls.rge amount of bicarbonate (doUbt­

less chiefly of Oa and Mg) is characteristic of waters from the basalt 

generally (see table 11, Appendb: 2). Oaleitml and. magnesium are essential 

constituents of the principal minerals in the Snake River basalt. Much of 

the water is derived by underflow from the adjacent mO'llIltainous area, where 

limestone (Oa003) and dolomitic limestone (Oa,Mg003) are common rocks. 

Ifhe soil and gravel throtigb. vbich the water passes in intermontane valleTe 

also contains abt1lld.ant calcium carbonate. Undoubtecll7 t gro'lmd water that 

is recharged direotly from preo1pi tation on the plain also must be charged 

wi th Oa003' because the plains soils are rich in that mineral. !he total 

dissolved solids and the oarbona.te--bicarbonate content inorease westward 

in the plain. probably from two causes: (1) longer oontact vi th the 

a.quifer rook, and (2) inoreased contributions of recharge from irrigated 

areas where peroolating Yater is more mineralized. !f!he basalt minerals 

are not readilY' soluble in vater, but some leaching occurs of silica. iron, 

ma.Ilganese, calcium, magnesium, sodium and potassium, all of vh10h are 

present in mineral.s in the basalt. 

The generaJ.ly low amount of dissolved solids in most of the samples 

is indicative partly of the low solubilitY' of minerals in relatively 

fresh and unaltered basalt; partly of a lack of opportunity for solution 

to ooeur, oYing to the nearness of some recharge areas to the NRTS; and. 



, 



GPO 991857 

• z 
o 

:J 
:2 

I/) 

I-
0:: 
<: 
Q. 

z 

.. 
I­
Z 
w 
I­
z 
o 
(.) 

:! 
::> 

24-3 

15~~~~~~~~~~~~~~~~~~~~~~~~~~ 

10 

5 

3N-30E-19Bcl 

O~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

25rr~~~~~~~~~~~~~~~~~~~~~~~~~ 

20 

15 

10 

5 

7S-23E- 5cct 

o~~~~~~~~~~~~~~~~~~~~~~~~~~ 

25~~~~~~~~~~~~~~~~~~~~~~~~~~ 

20 

15 

10 

6S-17E- 2AB I 

c O~~~~~~~~~~~~~~~~~~~~~~LU~~~~~~~ 

o 
U) 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

25 

20 

15 

10 

5 • 

1952 1953 1954 

THOUSAND 
SPRINGS 

1955 

FIGURE 31.--S0DIUM CONTENT OF GROUND WATER AT LOCALITIES ON 
THE SNAKE RIVER PLAIN. 



The graphs 111 figm>e 31 also disclose certain changel in sodi'WJ1 con­

tent with time. All four graphs indicate a slight decrease in sodi'WJ1 

content during the period of samplillg g frtlm early- in. 1952 to the end of 

1955. !his deer8&se ~ be oorrelated wi tho greater recharge during this 

period, when preoipitation was above average. The graph of soditlDl content 

of the water from the 'Thousaud Springs shows some eT1dence of a seasonal 

C7Ql.e in which the sodium content is greatest in v:1nter, least in SUlIlIIle%'. 

Geologio Significance of the Ohem1oal Qpali t1 

Water 1s a geochemioal. agent and its chemical character is a resUlt 

of the geologic enviromnent thro'llgh vh1ch it has passed. and the length of 

time spent in tbat enviroment. !he dissolved constituents in the vater 

are derived from minerals vith which it has come in contact (ignoring. for 

the moment o artificial contaminants introd.uced in the vater). !he conea-

tration of minerals in the vater depends on their solubili tT, the teazper­

ature of the vater, the chemical composition of the vater at the time of 

contact 0 and geochemioal. oha.nges, such as 1on-exchal'lge, that OCC1l1" as the 

vater moves thrcugh the aquifer. 

The gro~ water on the ml'fS is derived b7 recharge from SeTeral 

distinot sources (see p. 7-8). Water from the north and northwest is 

derived from a terrane of Paleozoic sedimentarr rocks, Mesozoic intrusive 

rocks, and Tertiar,y volcanic and. wrocla.st1c rocks. Dolomitic limestone 

is ab'l:Dldant 111 parts of that terrane. Water enterillg the area from the 

northeast has had a long and. complicated. histof7, including passage 
, 

through a vide ruge of t7pes of host rocks. In a late stage before 

enteri:ng the lmfS, lImCh of the vater 1s 07cled through. the irrigated 



The discharge of organic and industrial wastes by plants on the NETS 

has had no observed. effect on the quality of' water pumped from wells out­

side the Station. Except for a few cases, the quality of water in the 

NBTS is sui table for domestic p agricultural, and ordinary industrial use. 

Descriptions of the' relationship of various chemical ions to the 

utili ty of water are available in stand..a.rd works on that subject. A. 

rather exhaustive summary of the relationship of the utility of water to 

its chemical consti tuenta 'tTaS published by the State of Ca.lifornia (1952). 

Special informa.tion en water quality has been collected by the 

Commission since 1952. Samples from wells and springs scattered through­

out the Snake River Pla.in have been analyzed for sodium and radioactivity. 

Wa.ste water discharged to the ground. at the NETS contains considerable 

amo"'tm.ts of ord.ina.:ry sodium chlOride, and slight amounts of radioisotopes. 

Presumably, continual pla.insvide monitoring of sodium and radioactivity 

in the ground water would. give a check on whether contamination occurs. 

The graphs in figure 31 show the sodium. content of water from three 

representative wells on the Snake River Plain and from the Thousand 

Springs. a principal outlet for the ground water of the plain. The.r 

indicate that, in general, t.b.e waters acquire sodium. in transit through 

the aquifer from northeast to southwest, or that the water from the 

northeast mingles, in transit with water from other sources of recharge. 

The water that drains from irrigated trac;ts and. enters the ground is a 

principal source of dissolved sodium. Oertain wells in sediments along 

the southern edge of the plain, especially the Rupert city well and to a 

lesser extent the Eden and Aberdeen city wells, contain much greater 

amounts of sodium. than do wells in the basalto Graphs for these and 

other wells are included in appendix 2. 



Table 24.--summary of chemical properties of representative ground waters from the Snake River Plain--Contlnued 

Oonstituent or property 

:Soron (:s) 

Dissolved Solids: 
ppm 
tons per ac-ft 

Hardness as Oa003: 
total 
noncarbonate 

Percent sodium 

Speoific6conductanoe 
(lW.0 at 25°0.) 

pH 

Reactor Testing Station 

Minimum Maximum 

0.00 

144 
.20 

44 
o 

3 

182 

7.2 

0.11 

354 
.50 

265 
84 

26 

540 

9·5 

Arithmetic 
mean 

0.037 

218.1 
·300 

155.3 
22.0 

12.0 

345 

7·9 

Oentral Snake River Plain 

Minimum Maximum 

0.00 0.25 

143 821 
.19 1.12 

85 516 
o 380 

o 79 

257 1260 

7.1 9.4 

Arithmetic 
mean 

0.065. 

293·8 
.40 

178.3 
25.5 

21.7 

463.5 

7·83 

11 Analyses of samples of spring water are not included in this table. Some reports of analyses of 
water combined Na and K values; those values were not used to develop this table. 
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Table 24.--summary of chemical properties of representative ground waters from the Snake Biver Plain!! 
LChemical constituents in ppm; analyses by Geological surveil 

Reactor Testing Station Oentral Snake R1 var Plain 
Oonstituent or property Ari thmeti 0 Arithmetic 

Minimum Maximum mean Minimum Maximum mean 

Temperature (Or) 50 66 56 45 89 55.9 

Silica (Si02) 15 39 25 8.1 50 32.1 

Iron (Fe) dissolved .00 .34 .052 .00 .38 .058 

Manganese (Hn) .00 .58 .035 .00 .93 .043 

Calcium (Oa) 7·7 70 39·3 16 141 43.4 

M~eslum (Mg) 2.g 22 14.05 9·3 40 16.4 

Sodium (Na)!} 2.6 20 9.62 3·3 155 28.2 

Potassium (X)!} 1.0 15 3·18 1.6 20 4.35 

Bicarbonate (HC~) 58 226 165.9 99 422 lS8.S 

Oarbonate (00
3

) 0 18 .60 0 58 1.lt4 

Sul.fate (504) 12 42 23·8 9.1 210 36.5 

Chloride (01) 6.0 58 15·4 4.2 265 29·3 

Fluoride (F) .0 ·7 .24 .0 2.0 .53 

Nitrate (N03) .02 5·5 2.15 0.0 72 4Jn 

11 See footnote at end of table. N vI 
'-0 



Differences of several degrees in temperatta:'e lIIa.7 be of interest in con-

nection with plant designs. 

A.nal;yti cal Results 

The results of chemical analyses of waters from the Nll:TS and other 

parts of the Snake :Bi ver Plain are a'l:llD1tl8rized in table 24, and the 

detailed results are given in Appendix 2, tables 10 and 11.. The chemica.l 

cha.ra.cter of some of the samples was affected by condi tiona during their 

collection. ~ samples, for example, necessarily were obtained by 

bailing from test holes that were not equipped with pumps. In some cases 

the water had been in contact with c1qey'mud. in the holes and mq have 

increased its sodium concentration by ion-exchange for calcium in the 

vater. In a few instances, cement grout had been used during drilling, 

and the cement produced an increase in the hardness of the vater. In 

order to clarify possible discrepancies in the anal7ses, a complete list 

of the samples and. descriptions of the cirC'tlll1stances of their collection 

are given in Appendix 2. 

The quality of the sampled vaters was generallY' excellent for ordi-

nar:r uses. In all but tvo samples the amc'Cllt of dissolved SOlids was 

appreciably less than 500 ppm, the upper limit specified by the U. S. 

Public Health Service for desirable dri:nld.Ilg water. Softening treatment 

probably would be required for most industrial uses (aside from. deminer­

alizing for special use), 'but the water is not excessively hard. Water 

from yell 3N-27JD-9a.a.l had 265 ppm of chloride, which is slightly higher 
, 

than the ma:rl.mmn of 250 ppm recommended by the U. S. Public Health 

Service for drlnld..ng water. 
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is large, the volume of underflow from tributary areas is considerable, 

the seasonal variations in underflow probably are small, and the movement 

of ground water is slow. :Because of the considerable time between periods 

of reduced precipitation and decline of the water table, long-term records 

of water-level fluctuations are essential for satisfactory interpretation 

of the complex interrelationships between precipitation and water-level 

fluctuations. The overall effect of deficient precipitation on the water 

table probably would be a general trend in vater-level fluctuations simllar 

to that in USGS wells 1 and 4 (figs. 16 and. .28). The l:qdrographs of these 

wells show several years of declining vater levels, followed. by a st~ 

rise, although precipitation during the period of record averaged below 

normal. 

Water-1(9Vel fluctuations in the area do not correlate closely vith 

/ 

local precipitation because local replenisament by precipitation is cam-

paratively small. Most replenisament is from sources outside the JERTS. 

Very little is known about the relative importance of the various sources 

as contributing factors in water-table fluctuations, but the relationships 

between them probab17 vary from time to time. 

CHEMI CAL ~.ALlfi OF !mE GroUND 'W'A.!l!lR 

!he ground vaters tapped by vells and test holes 1,200 ft or less in 

depth on the :rmI!S are basical.ly similar in chemical type. Some variations 

in chemical quality occur, both vith location and vith depth, and the 

quali ty at some places might influence the locations of facilities having 

very specialized water requirements. There is a slight regional variation 

in water temperature, and more noticeable variations with depth. 
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The plotting of ctlllIlllative departures tends to WI:1ron out" thefluetua-

tions in years of short'f-tel"lll depa.rtures~ su.ch as si:agle years when precip-

itation is deficient or excessive. A recent !Cyet" ClY~le began about 1935 

and reached a climax in 1942, when the c'Wll'lllative depa.r'ture of precipita-

tion 'WaS plus 3 in. at Aberdeen and 37 in. at Pocatello. A subsequent 

drier period continued thro~ 1955. and the accumulated excess at 

Pocatello was reduced to about 12 in.. and an accumn1ated deficiency of 

10 in. developed at Aberdeen. At Howe a drier period began in 1946 and 

continued in 1954. At the end of 1954 the accumulated deficiency at Hove 

was about 13 in. Precipitation was slightly above normal at Howe in 1955 

and. the accumalated deficiency vas slightly less than 13 in. Acc'tllD.'tlJ.ated 

deficiencies prevailed in 1955 at Idaho hJ.ls, Arco 9 and Spencer. 

The vater level in vells in the central and northern parts of the 

plain began to decline in 1954 and. by the end of 1955 were at record low 

levels. Decline began in the southern part in 1953 and also reached 

record lovs in 1955. In the lI..inidoka area, water levels in most vells 

began a general decline in 1954~ and by the end of 1955 the net decline 

amounted to about 2 to 4 ft (see fig. 29). 

Precipitation at most stations on the Snake Biver Plain averaged 

belov normal. during 1943-55, but vater-level records are not long eno~ 

to show the effects of reduced recharge as a consequence of declining 

precipi tation. The Snake Biver Plain contains a very' large ground-water 

reservoir on which severa1 years of subnormal. precipitation probably 

wuld have little noticeable effect. Several to ~ Y9arff might elapse 
, 

before the water table in most parts of the plain would show appreciable 

effects of reduced recharge, because the amotlllt of ground-water storage 
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current.ly about a foot below the 1950 levels. In wells where there are 

markedly regolar annual fluctuations, as in !l!ps. 5-6 N., :Rs. 33-34 E., 

water levels deo1ined about a foot during 1950-52, but recovered during 

1952-54. In 1955 the,- declined abou.t a foot. On the other hand, vater 

levels in wells in fps. 2 E' •• to 1 S •• :Rs. 28-31 E.remained fairl¥ con­

stant duri:ag 1950-52 but dec1ined about 1 to 2 ft from 1952 to 1955. As 

Y8.S noted ear1ier (p. 229), a decline in· the southern part of the Jml!S 

began about a year sooner than in the Minidoka. area (see fig. 29). Data 

are not su:f'ficient to show a relationship between the declines in vater 

1evels in the two areas. In general, water levels in most wells in the 

eastern Snake River plain have declined gradually sinee about 1953-54 and 

are now at record low levels in ma.ny parts o£ the plain. 

Effects of precipitation.-In general, the wa.ter-level trends during 

the period of record seem inconsequential de~ite a steady cumulative 

decline in precipitation after 1943 at weather stations on the Snake River 

Plain. Figure 30 shows the amnulative departure from normal precipitation. 

!fb.e curves were obtained b,- algebraic s.d.d1tion of ann'llBl. departures from 

normal plus the cmnulative total obtained for the previous years, at three 

sta.tions on the Snake R1 vel' Plain. .An ~ slope to the right indicates 

a etmmlative increase in precipitation and a do\fllward slope to the right 

indioates a decrease. The longest continuous period of record ,is from the 

Pocatello station, begilllling in 1900. Except for a few records which 

began about 1934, records from other stations on the plain cover periods 

b~ng between 1905 and 1920. 
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BS-24E-31 del 

9S-20E-ldal 

1951 1952 1953 1954 1955 

Hydrographs of wells 2N-3IE-35dcl and IS-30E-15bcl near NRTS, 
Bingham County ~bove), and wells BS-24E-3Idcl and 9S-20E-ldal 
in Minidoko North Side Pumping Division, Jerome and Minidoka 
Counties (below>' 
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and 1 to 2 ft add! tionaJ. in 1955. The decline began in the Minidoka area 

about a year later than in Bingham and Butte counties. Figa.re 29 shows 

the water-level fluctuations in several wells near the NETS and in the 

Minidoka. North Side Ptlmping Division in Jerome and Minidoka Counties. No 

direct relation between the declines in the two areas is known. 

Lo~Term !rends 

Long-term trends (net changes of vater level s at corresponding times 

in successive years) are an effect of ch.anges in ground-vater storage. 

Factors that influence the trends are weather variations, irrigation, 

pomping. and changes in the surface-vater regimen. Records of vater-

level fluctuations in the NR.rS and vicinity span onlY' a 7-Y'sar period and 

good area coverage is available only for a 5-year period; these records 

define only short-term trends. 

!he trend in water levels in wells near the AEP and 1m sites 

(T. 6 N., Rs. 31-33 E.), where the Y'ear1y range of fiuctua.tions is small, 

has been slightly '1lpvard since about 1950, with a net rise of about Oel!. 

ft near the AEP area. About g mi northeast of the AEP arean in a pri-

vate1y owned ve11 (7N-33E-35bb1) near the southwestern edge of the Mud 

Lake area, the range greatly exceeds that in wells at the AEP and 1m 

s1 tes; the net rise of the vater table has been a.bout 2 ft since 1950. 

Yater levels in these "ells declined slightly after Jul.Y' 1955. In wells 

affected by underflow from the valleys or the Big Lost and L1 ttle Lost 

Rivers and Birch Creek, the net rise from December 1951 to 'May 1953 was 
, 

about 7 to 9 f't in the northern wells and about l!. to 6 rt in the southern. 

wells. Water levels declined steadily after 1953 and in 1955 were 
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Project included. 32 'Wells from vh.ich 54,000 ao-ft of water was pumped to 

irrigate about 14,200 ac; about 140 private wells withdrew about 108,000 

ae-f't for 29,800 a.c of land. The gross water requirement for the completed 
. 

Government project will be 235,000 ae-ft yearly and that for private devel-

opment ~ be about 325,000 ao-ft (Crosthwaite and Scott t 1955). !he heavy 

pumping may lower the water table a few feet and bring in water by underflow 

from adjacent areas. Thus far there has "been no appreciable interference 

among wells and no regional decline of water levels in the Snake River 

basal t attributable to pumping in the Minidoka. area. 

Immediately west of the Minidoka. area, in eastern Jerome County. about 

28,000 ae-ft of ground water was pumped from 36 irrigation wells to serve 

about 9,700 a.c of land in 1955. .A. report by Mower (1953) contains records 

of vell s and gro'lmd.-water levels in the area. 

In general, water levels in the Minidoka. area rise and fall in an 

annual cycle similar to that in wells south of the lmTS in Tps. 2 N. to 

1 S .• R. 28 E. The downward trend Usually starts in October or November 

and the rise usually begins in April or May. The annual range of fluctua­

tions in the Minidoka. area is about 1 to 5 ft (Crosthwaite and Scott, 

1955). In wells south of the :NRfS the annual range in fluctuations is 

1 to 1.5 ft. 

During 1950 to 1952 water levels remained rather constant in wells 

in Tps. 2 N., to 1 S., Rs. 28-32 E., :Bingham and :Butte Counties, but in 

1953 the levels declined about 0.5 ft; by the end of December 1955 an 

additional foot of decline occurred. During 1948-53 water levels in the 

Minidoka. area showed a net rise of 0.5 to 3 ft (Crosthwaite and Scott, 

1955). Thereafter, the water levels declined about 1 to 2 ft in 1954, 
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r8llged fl'Om about 300 to 29500 gpD10 ::B7 1955 the estimated number of vells 

increased to 160 9 which prod'UCed a.bout 60 g 000 aCP>ft of water and. seNed 

about 18 g 000 ac of land. 

Wa.ter levels in wells that reach the regional water table in the 

lloberts-Taber area ranged between about 164 and 720 ft below the land 

surface (see A.ppendix 2). The depths of the wells range from 219 to 786 

ft. High vater levels occur from October to Hovember and low levels from 

A.pril to Juneo The wells were measured. bimonthly and the actual highest 

and. lowest levels probably were not detected g but the measurements probab17 

correctly indicate the months in which marllImm and minimam levels occur. 

The year17 range of water-level fluctuations averaged between 2 and 4 ft, 

but in a few wells south of Roberts the year17 range was about 15 ft. 

Water levels in a few wells south and southeast of Mud Lake declined about 

2 to 3 f10 from 1950 to 1955. 

Minidoka. ~o-In the Minidoka area9 ground water is being developed 

extensi vely for irrigation 'by the U 0 So Bureau of Reclamation in the Horth 

Side Pumping Division of the Minidoka Project g and by private enterprise 

for large adjacent tracts of land. The new developments center in southern 

Minidoka County and parts of Lincoln and Elaine Counties. about 55 m:i 

southwest of the N'Rr S . Wi thin a few 7ears thi s area pro 'ba'bly will be the 

most heavily pumped of those currently under development. !he present 

total withdrawals are second in amount only to those in the Mud Lake basin. 

In 1955 about 162.000 ac-ft of ground water was pumped in the Minidoka 

area to irrigate 44. 000 ac of land. The ground-water devel:opment began in 

1947 with the drilling of three private irrigation wells. :By 1955 the 

number increased to more than 170. In 1955 the U. S. :Bureau of Reclamation 
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the shallow wells remained fairly steady, wi thout much cha.nge during the 

period of record. Water levels in the Mud Lake area rose appreciably only 

to the west- of l-iud. Lake in !Eps. 6 a.tld 7 E'., R. 33 E. Well 7N-33E-35bbl is 

70 ft deep and the vater level is very responsive to recharge by in.fil tra­

tion of irrigation water. A seasonal rise in the water level begins late 

in each spring, shortly after the start of irrigation. The higher levels 

are reached in July and. August and lower "in MaY. The yearly range is 

between 7 and S ft, and. the net rise since 1950 is about 3 ft (see fig. 

27). Well 6N-33E-2bal is 245 ft deep and. its water level also is 

affected by irrigation, but the effect occurs later in the year and is 

less pronounced than in the shallow well. The water level in the well 

has trended steadily u;pward since 1950 and the net rise at corresponding 

times of the year was about 2 ft (see fig. 27). 

The water levels in wells that reach the regional water table about 

6 to 10 mi south of Mud. Lake, are not noticeably affected by deep seepage 

from irrigation. Daily water-level records for well 5N-34E-9bdl, 1950-55. 

show no unusual fluctuations that could be attributed to irrigation in the 

Mud. Lake area. The long distance of the wells from MIld Lake and the large 

ratio of storage in the Snake Biver basalt to underflow from the basin 

probably are the reasons for the lack of noticeable effects. 

Roberts-Taber ~.-The Roberts-Taber area, east and. south of the 

lmTS, extends from the Vicinity of Roberts to Taber in a broad arc along 

the north side of the Snake Biver. The estimated number of irrigation 

wells in the area south of Taber and north of Aberdeen and Springfield was 

55 in 1953 (Shuter, 1953), and the estimated pumpage was about 23,000 ac­

ft of water for 7,000 ac of land. The rate of discharge from single wells 



226 

discharge being by ground-water underflow to the Snake River Plain. The 

principal pumpage is done where the depth to water ranges from a few feet 

to about 50 ft below the land surface. Numerous flowing artesian wells 

furnish I!IIl.Ch of the irrigation water. About 99 pct of all the ground-

water ptllll:p8ge is for irrigation. 

The estimated pumpage of ground water from 61 irrigation Yells and 

86 stock and domestic yells in 1952 was 83,300 ac-ft (Barraclougn9 1952), 

and the water supplied about 58,000 acres of lando The yields of single 

ir.rigation wells ranged from 360 to 9.900 gpm and averaged about 3,000 

gpm. Pumpage in 1955 was about 266,000 ac-ft~ derived from 165 irrigation 

wells for use on about 90 9 000 acres (Nace, 1956). Therefore, ground-vater 

pumpage increased by about 300 pct in a 3-year period, and the total irri­

gated acreage more than tripled. 

Records of water levels in the Mud. Lake basin have been published. 

(Stearns and others, 1936; Shuter and Brandvold, 1952; Barraclough, 1952). 

Water-level records are available since 1949 for wells tapping shallow 

ground water northeast of Mud Lake in Tpso 7-8 N. 9 Rso 36-37 E. The 

depths of the wells range from 45 to 93 ft and the average depths to water 

in single yell s raIlge from 13 to 50 ft 0 The yearly range of fltlCttlation 

is about a footo High levels occur in April and Mq and low ones in 

August and September. The net trend in levels after 1953 was slightly' 

downward, amounting to about a foot at the end of 19550 Wells south of 

Mud Lake in Tps. 5-6 N., Rs. 34-35 E. range from 280 to 930 ft in depth 

and from 50 to 160 ft in depth to water (see Appendix 2) 0 "The deeper 
• 

wells reportedly tap several water-bearing zones. Water levels in the 

deep wells declined as much as 20 ft after 1951, whereas water levels in 



tion of irrigation wate~. 

the D!'S. The principal uses af gTo,un.d "''ate:> arotclld Howe ar>e for domestic, 

the area are contained in an earlier r6p(lrl (Sh.u:i,er and :BrandToldp 1952). 

!he estimated gr'o'tmd-va.tsl' pumpage in 1949 was 1~300 ac-ft from 10 vells. 

About 3.500 additional a.c-:ft '\faS p~mped in the va.lle;r aDout 5 to 10 mi north 

of Hove. ~e in the V'iol:l.~1 ty Cif lWwe in 1955 vas about 1 p 500 ao-ft Im4 

that north of Rowe about 4~ 000 ~ft 0 

!he average depth to vat,s%" in the H~W6 area f'a!!ges between about 65 to 

available for the period De~~bel" 1949 ~~~ O~tcber 19530 and mon~ 

area occurred in August 19520 about 7 tc 9 months earlier than the peak 

leTel of that ;rear in vella in the lmTS. The annual range in fluctuation 

&Teraged 1 to 3 ft. Water levels W61"6 fairly constant through. Deceaber 

1952 but declined theI"eatter at'.!u.t 1 tc 2 :t';;. 

north and east of the NRTS g are the largest: in ldaho and totaled about 

270,000 ao-ft in 19550 There i.e no 8utfa~e ranr.ff from the basin, all 
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7 mi west of the western edge of the N1l!rS. About 339000 acres of land. in 

the :Big Lost Rlver Valleys :from Ma.~ to about 3 mi ~outheast of Arco o is 

irrigated vith surface water from !$.acka;r Reseno1r (/))n the :Big Lost !.iver. 

About 99000 aMi tional. acres is irrigated above the rese:n-oir 0 Ground 

vater in the Dig Lost River Vall81' is used chieflY' for domestic, stock, 

and Immicipal S1lpplies. A. few irrigation wells have been drilled since 

1954, principallY' along Antelope Creek, but l:1tt-le is known about the 

depths and ;yields of the wells. The largest single vi thdrawaJ. of ground. 

water is for the muniCipal supplY' of Arco, which averages about 250,000 

gpd. The municipal system includes three wells ranging in depth from 

about 28 to 60 fto The depth to water ranges from 12 to 30 ft and the 

yields of the wells average about 400 gpm. The Village of Dutte OiV, 

about 2.5 m1 southeast of Arco, has one deep well which taps the regional 

water table. The depth of the well is about 443 ft and the depth to water 

is about 400 ft 0 The ;yield during a test in 1952 was about 60 gpm. Except 

for a few wells tapping the deep aquifer, most wells in the Areo area raDge 

in depth from 8 to 140 ft g and the depth to water ranges from 3 to 55 ft 

(see Appendix 2). 

In the shallow water table in the vicinity of Arco, ranging from 

about 2 to 6 feet below the land surface, the highest water level of 

record occurred in JulY' and August 1951, shortlY' after unnsual17 heav,r 

rains during those months. The high levels where the water table is 

deeper (18 to 55 ft below the land surface) were not reached until J'tilY' 

and September 19520 In the regional water table (205 to 40'0 feet below , 
the land sur.face) water levels remained fairly stea.q- and showed little 

or no effect of the heavy runoff in 1951 and 1952. 
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In T. 3 Ii .• Rs~ 31-33 E. the y~ly range i,e about, 1&5 to 2 f't p with the 

higher levels about mid-JanU&!'y a:nd ths lower oetween mid-July and early 

. 
ft. The high lavelg are reaclled between ea:r>ly November and mid-December. 

and the lows in ~ a.ud July 0 

The greatest yearly range in f'1 UGtua.t1ons oClcurred in wells in T. 5 N., 

Bs. 33-34 :mo~ where the ~lope of the wate:r: ta:ole was about 5 to 7 ft per mi. 

South of T. 5 N 0 ~ in:as e 27~ 34 Eo & net ws:ter-level Gb.allges avera.ged 1 to 2 

ft and the slope of t,he water table was only 2 to 3 ft per mi. The sea-

eneed largely 'by uude!'flow :ft'~m Mud Lake, the appa.I"en t direction of vh1ch 

is southwestward toward the vallse Rowevel"p no definite time pattern is 

discernible in the (lJClCUH'e~e of hi.gb. and low levels at increasing dis-

tanoes from Mud Lake. Probably facri;Clrs othu than underflow from Mud. Lake 

strongly affeClt water levels in that area. 

The area here treated is the paJ"t of the Sna.k.e B.i ver Plain outside the 

lmTS and includes several large ground~water irrigation troots. Regional 

water-level fluctuations have twofold interest: their reoords assist inter-

pretation of fluctuations in the NRTS, and they register changes in ground-

water stora.ge. so they aI"e significant in problems o:r ground-water d.eple-

tion now and. in the future. Figure 27 illustrated the principal types of 

water-level f'lu~tuations in wells on the Sn.ak6 River Plain. 

}:rco ~o-The Area a:!"ea 9 at the mouth of the Big Lost River Valley 

in Tpso 4-6 N e. RSe 25=27 Eq is about 20 mi ntiI'thwest of the OF area and 
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Underflow from the Mud La.ke 'basin is an important soti%'ce of ground-

of underflow have not been 1dentifiad in wa.te~l&\ie1 fl~~uations south 

and southwest of Mud Lake. The apparent lacl: of ~rrelation in water-

levels lIla\1 be partly due to inadequate records, but the lack of strong 

fluctuations probably is norlllaL Owing to the relatively lOllg distanee of 

the wells from the :main irrigated area. ~und. Mud Lake, the reClharge wave 

moviIlg southward is damped before rea.clrlng the wel1so AlsOg the Mud Lake 

basin i helf is ~ a large reservoir that seasonal variations in tmderfloy 

probably are relatively small. 

Wells in which the seasonal rise and fall of water levels is most 

marked are in the path of the apparent movement of va.ter from Mud Lake. 

A few deep wells tap water under local artesian or quasi-artesian 

pressure p which ms:'f cause some of the differences in the behavior of the 

water levels in some of the wel1so 

The greater range in watefl-level fluctuations occurs in areas haviIlg 

the greater slopes on the water table. 

Seasonal Water-Level Fl~tuations 

A yearly cycle of water-level fl'tl.Ot'lations 9 represented by a gra:ph 

having approximately sinusoidal form, occurs in wells in Bingham and 

Jefferson CO'lmties, in Tps. 2-6 N., Rso 31-34 Eo, and in Butte County 

sonth of U. So HighYa7 20 p in Tps. 2 N., to 2 So, Ra. 27-31 Eo (see fig. 

28, well 5N'-34:m-9bdl). The yearly range of flUCltuation in.lfps 0 5-6 Xo, 
, 

Rso 32-34 Eo averages about 3 1.' to ~he high. Yater levels OCC1ll." between 

mid-Januar,r and mid-March.. the lows between mid-Augns'fi and mid-September. 

/ 



ri se of the water level in no 0 18 in 1953 wa.s less than b.a.li' that in no. 

1.2. !fha total rise of the we.ti:el" level in the MTB test well (3N-29:B1--14adl) 

was about 14. ft in 1952 and. 6 ft in 1953. In 195o...5lp howenrer, before the 

effects of recharge from the ~ig Lost Biver were registered, the annual 

water-level flootua.tion in the well vas about a foot. In vell 3ll-30lll-?laal 

(field. no. 20, about 3 mi southeast of the MTR site) the highest vater 

level also was reaciled in mid.",Marcm 9 and· the range in fiuotu.ations vas 

about the same as in the MTR test velle Water levels at the OF area in 

1953-54 also were at theil" peak 18.,,;oe1s in the :first h.a.1:f of March. 

In general, rises of water level c;a.used by underl'lov from the vall87B 

of the Little Lost and Big Lost Rivers and. Bil"cil Ol"eek began ear~ in 'the 

spring of 1952, allont 6 to 10 months a.tt.er the tuta.s'Ila.l~ high. :rnn.o:t':t' and 

rech.a.rge that began late in July and early in J:ugust 1951. Except for 

slight seasonal decline in sevel"al wells in 1952» water levels in all the 

wells rose steadily 9 reaclLing a peak in the spring of 1953. Water levels 

declined steadily a:fter l"eacll.ing the re~ord hi.gh l~elsp and by the end of 

1955 were about 2 it lower than at the 6nd of 1950. 

Water levels in the western cent:t'al part of the areas near the Little 

Lost Eiver p~ in To 5 N., Ro 29 Eo s l"ea.©hed peak levels early in .April 

1953. those in the intermediate area II near the :Big Lost River plqas in 

fp. 14-5 N., Rs .. 29-31 Eo e war'S at peake in early and mid-Mq; those in the 

southern part. near the OF area and MTR sites were at peak levels in early 

and mid-Mal"ch. 

The greatest range in w:te!'=leve1 :fl'!.Wt~t1ons~ and the most rapid 

seasonal rise and de~line of water l~Gls~ o~~urs in wells near the Little 

Lost Biver pl~ south of the Village af ~weo 
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Yell 5N-29E-23cdl (field noo 19) is about 3 mi southeast of the 

Villa8e of Hove and li mi southeast of the Little Lost River plqao !he 

water level in that well had the largest seasonal range of fluctuations 

noted in all1' vell in the area. !he range was about- g ft in 1953 and 7 ft 

in 1954, with ver'1' distinct peaks about April 1 in both years, about a 

month earlier than the highest year17 levels in nearby vells. Water 

lEmtls vere at a record low in April 1955. Seepage losses from the Li tUe 

Lost and ~ig Lost Bivers seemingly did not influence the water level in 

the well before the sUllDller of 1952, several months after the water levels 

in other wells began to rise. Inf'il tration and percolation to the 

regional water table of ponded water from the Little Lost and ~ig Lost 

Biver plqas, north and northeast of the well mq have caused the un.usu-

al17 high water levels in 1953 and 1954. 

In well 4N'-29E-9dcl (field no. 23). which is about 4 mi south of 

field no. 19, the water level reached peaks in May 1953 and 1954. !he 

m.a:r1m'IllI1 rises during the period were 0.5 ft to 1.5 ft. !rhoe highest- water 

level in well 4N-30E-7adl (field no. 12) t about 5 mi southeast of field 

no. 19 t occurred in Mq 1953 and 1954, about a month after the peak in 

field no. 19. !he total rise of the water level in no. 12 was about 2 ft; 

in 1953 and about a foot in 1954. In well 411-30E-22bdl (field no. 17), 

about 7 mi southeast of no. 19 and 3 mi southeast of noo 12, the higheat: 

water level in 1953 was reached early in Ma7, and the range in fluctuation 

was about hal! that in no. 12. Well 5N-31JD-14bcl (field no. lS) is the 

vell farthest north and east that shows effects of recharge- from ~irch 
, 

Oreek and the ~ig Lost River. !rhoe water level reached a peak in mid-Ka:y 

1953, about concurrently with the peaks in well s 12 and 23. The total 
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production wells near the rlvst'o For well 2N-31E-35dcl, near Atomic City 

and about 11 mi from the :river 9 the bydrograph in 1952 repeated very' 

closely tn& seasonal pattern of 1951 • . 
Wells in T.2 Ii., Rs. 27-213 1. 9 1 to 4 mi south of the river, reached 

pea.ks in }lovember and De~ember 1953 and perhaps were affected stroDgq by 

recharge from the river. Re~ords are not available for those yells 

earlier than 1952 and there is no basis for comparison. }loticeable affects 

of seepage from the rivet' seemingly did not extend to yells about 10 mi to 

the southeast, in Tps. 2-3 Ii., R. 31 ll., where daily records f or several 

wells show that peak levels vere realShed at about the same time each year 

d.uring 1950-55. 

The effect of recharge from the ~1g Lost Eiver vas registered 

earliest in wells at the MTR and eFA 81 tee. The highest water level. in 

the MTB test well and in well 3N-30E-31aal (field no .. 20) occurred dur1%1g 

early and mid-March, about 2 to 4 weeks earlier than in other wells 

affected by the river. 

~e larger rises in water levels (7 to 10 ft) occ:arred in wells north 

of the STB site in !ps. 4-5 N •• · Rso 29-31 E. The general slope of the 

water table in that area was about 10 to 12 ft per mi.. }lear the M!m and 

aP.P sites the water levels rose about 6 ft; the slope of the water table 

ranged from about 5 to 7 ft per m.i. 

Becharge from local sources.--In wells in the western-central part at 

the Station, in Tpso 3-5 Ii q Bs. 29-31 ]l.t wa:ter-level fluctuations follow 

a fairl,.- well-defined seasonal patt-ern that is influenced both by local 

and b,.- regional recila.rge (see fig. 28 9 well 31l--29E-14adl). 
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modified by effects of unusual recharge from Big Lost River from late 

1951 to early 1954; (3) relatively large annual range and cyclic trends 
in well 5N-34E-9bdl, Jefferson Co. 



216 

rose about 3 fto Therea.fte%'9 the water level in the deepened well 

remained about 3 ft above the old general level, b'!l~ the annual raIlge of 

fluctuation a.f~er 1952 wasonJ.y about 005 fto The yearly raDge in well 

6N'-33E-2bal, about 8 mi northeast of the NETS 9 also was about 005 fto 

In the northern part of the NRTS the water table seems to be nearly 

flat, and at plaees the slope is less than a foot pel" mileo Pumping from 

the AllP wells has had no noticeable regional e:tfetlt on water levels 0 

Fluctuations Caused b" Local liecllarge 

percolation from the Big Lost Biver during the high runoff period 1951-53 

were considered briefl" on po 61-65» in connection with the rate of perco-

lation through the basalt 0 Hydrographs show that 9 beginning in September 

19529 a change occurred in the seasonal pattern of water-level fluctuations 

near the river 0 probably as a result of exceptional re~ge 0 Some of the 

recharge ~ have been from deep percolation out of the riVera In well 

3N'-29»-14ad.l (see fig a 28L a mile from the rl vel" 0 the seascnal trends in 

1950 and 1951 wers entirely different from those in 1952-550 About 

September 159 1951 the vater level in well -14acu began a general rise 

that continued through April 19529 when the water table reached its 

highest level during the year. Except for a slight decline from June 

through October 1952, the vater table rose steadily and reached its 

highest' level of record in March 19530 The beginning of the general rise 

lagged. about five weeks behind the arrival of stl.%'face yater in the Big 
, 

Lost Biver channel and the beginning of seepage losses in the channel 

reach nearest to the wello Similar ri sing trends occurred in seTeral 
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Fluctuations Oaused Ez Changes in storage 

Grotuld.-water fluctuations ca.used by ch.a.nges in storage fOllow several 

patterns in the fiTS and vicinity. Wi thin a single pattern-gro'Up the 

magc.i tude of i'lue'iiuations and the time of occurrenoe of the high and lOW' 

water levels vary. The grollps differ from each other in the magnitude and 

trend of :f'luctuations. The following gro'ttping is made for oonvenience in 

discussion: (1) fluctuations in which the yearly range is small; (2) 

fiuctuations which are affected markedly by locaJ. recharge; (3) :f'luctua­

tions which follow a well-defined seasonal pattern. The types overlap to 

some extent and various oombinations can be found. Figures 27 and. 2S 

illustra.te several types of water-level fluctuations. 

Yearly Fluctuations in Small Ral'lge 

The vater table in the northern NRTS, in T. 6 N. t :as 31-33 :m. 

ordiIla.ri~ fluctuates only through a small range, with little or no oyollc 

yearly pattern (see :f'ig. 2S, well 6N-31E-2Tba.l). A oontinuous vater-level 

record for the period 1950-55 is available for well 6N-3lE-2Tba.1. .A 

record nearly as long, represented by weekly and monthly measurements, is 

a.vaila.ble for a well in T .. 6 N., :a. 33 E., showing similar bydrOgl:'8.phic 

chara.cteristics. Water-level records for other wells in that general area. 

average only about three years in length and are too short to be cla.ss1:f'ied. 

readily. D'uring the penod ~ 1950 to J'Ilne 1952 the range in yearly water­

level fluctuations in vell 6N-3lE->27bal was about a foot. The depth of the 

well was 775 ft and the depth to water was about 214 ft below the land 

surface. In 1952 the well was deepened to 19000 £'t and the water level 



, 



~PO 991857 

ClI ... 
::> ... 
:g~ 
ClI 0 

~ ~ 

213 

453.0r---------------------~~~~~~~~~in~w~e~I~I~3~N~-2~9~E--~14~O~d~I ____ ~ 

453.2~~----------~~--_r~~------------------------------~ 

453.4 t------~~~------_f----__\_-----.-::..L...------~------____,""--------_\_l 

28.0r---~--------_+----------~ __ ----------------------~~~ 

.!2 '0 28.2 1---------'>..,/------------------,7"""'----\-------/----__\_-1 ...... 
~ &: 
E-e.s: 
o 

Barometric pressure at ----", 
Central Facilities a rea 

(D 28.4 t---------------------------------------------\--,;C---------------J 

~ 453.0t---------------------------------------------------------------~ 
~ ~ 
C:.E .- ... 
~ ~ 

Adjusted for a barometric efficiency of 60 % 

c ~ 453.2b:~----~~~~~~~~-----~~~---~~~~~~=_-~ 
~ c: 
o..!2 ... 
.c: ~ 
... .2 
0. ClI 
~.c 453.4 L...-___ ..1..-___ ~ ___ _l... ___ __l.. ___ __L ____ I__ ___ .J._ __ ___' 

2 3 4 5 6 7 8 
March 1951 

Figure 26.-Hydrograph of well 3N-29E-14adl, unadjusted (above) 

and adjusted for barometric pressure (below). 

9 



, 



" 11 
o 
<0 
<0 

'" en 

" 

454 .. 51 to....J K -\--

~ 

454.61 ~ " 
o 

+-
c 
0 
a. 

o March 24-29, 1951 

01 454.7 
c o 
"-
::l 

o 
(f) 

0 
QJ 

o 
E 

~ 
0 
Qj 454.8 
.Cl 

+-
QJ 
QJ 
"-

.!:: 13-18, 1951 

~ 
QJ 455.1 
"-
QJ 
+-
0 
~ 

455.2 

Solid circles are plot of doily high and 
low water levels in the well and 
daily high and low barometric 
pressures, which show about the 
same correlation. 

o 

• I 455.3IL_1-_L_-L_i_-L_--' __ L--=~----L--=--;---L-~~-'--:::, 
28.0 28.1 28.2 28.3 28.4 28.5 28.6 28.7 

Borometric pressure, in feet of woter 

figure 25.- Correlation of barometric pressure with water levels at two - hour Intervals In we" 3N-29E -14001. 

I\) 



210 

figure 26 is 'based on a computed barometrio efficienc~ of 60 pct. Tho~ 

the adjustment is qui te small, it is an appreciable percentage of the 

total range of short-term fluctuations and would noticeabl~ affect calo~ 

lations based on those fluctuations. Nonbarometric factors obviously' 

affected the vater-level, because the adjustments leave considerable 

irregula.r1 ty in the ~drograph. A oorrelation of water-level fluct'llations 

in the well with increasing and decrea.s1Ilg barometric pressure shows a 

slight change in the efficiel107 of the well during these periods. So part 

of' the irregularity is due to differences in the barometric effioiency of' 

the well during periods of rising and falling pressure. 

Significance of barometric fiuctuations.-Barometric fluctuations of' 

water levels in wells are caused by fluctuations of atmospherio pressure 

on the water s'tlrf'ace in the well. In ordina.:t7' porous geologic material 

which is permeable throllghout and is in free commmlication with the atmo&-

phere, air moves in and out of the gro't1l1d freel~ through the land-surface 

area. Where the zone of aeration contains nonpermeable lqers, these 

restrict the free exchange of air between the atmosphere and the ground, 

and pressures ~ be equalized onl~ by movement of air through local pe~ 

able zones or throtlgh openings such as wells which are not cased to the 

water table. Wells in such materials cha.ra.cteristicall~ Itbloy and suck." 

In the case of the Snake River basalt, barometric fluctuations of vater 

levels show that tight material oocurs between the land surface a:cd the 

water table and impedes the movement of air, which can escape from or 

enter the gro'lmd onlY' through. local fractures, caverns, and' Yells. A. very 
, 

large Tol'tlllle of air is moved, and. circulation of air through. wells and. 

caverns often persists in one direction for some hours. 



!he time scale of the FM 32-day recording gS€e 1 s so condensed. that 

it is difficult to correlate the trace of water-level fluet'CB.tions nth 

hourly barometric-pressure readings. The barometric efficiencies of wells 

equipped with that tn>e of recorder were computed b7 correlating dai17 

high and low water levels wi tb daily minimaJrl. and lll&l:im'am barometric 

pressures. In general, the results were fairly consistent for di:t'ferent~ 

seasons of the year. Figure 25 is a scatter diagram of 'barometric pres­

sure and vater levels at two-hour intervals in yell 3N-29E-14ad.l during 

March 24-29, 1951 and July 13-18, 1951. Far comparison. the daily high 

and. low water levels in the well and. the da.ily high and loy barometric 

pressures are shown by solid circles. These are the ol'lly plottings that 

could be made from a 32-day chart, but a straight line through those 

points would not differ appreciably from that drawn thro'tlgb. all the points 

in the figures. 

PlotUngs for longer periods up to one month confirm the short-term 

correlations. That is, the width of the scatter band for summer periods 

is narrow and that for winter is somewhat broader, but the slopes of the 

lines are about the same. 

The barometric efficiency of a well is a function of the rate of 

ehal:!ge of the barometric pressure. Though the water level in a well mq 

fonow the di-arnal. fluctuations rather closely, the longer. slower baro­

metric changes are not recorded with the same clarity and some are not 

identifiable. 

Using a microbarogram of atmospheric pressure, and applying the 

oarometrif>ooefficiency factor to the water-level fluctuations in a well, 

the bydrograph for the well can be adjusted. The adjusted hydrograph in 
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The diurnal. pattern of fluctuations is p:redominant duriDg May through 

September. with distinct highs and lows d'1:!ring each 2l.J.=hour penod (fig. 

23, lower hydrograph). The low O<ClC1lI'S betwae.n. 6~oo and ggOO am g and the 

high between 6g00 and SgOO pmo The daily flootuations in summer rallge 

from about 0003 to 0017 ft and average about 001 ft Q 

Superimposed on the di'Xl:'nal cycle are longer, irregular f1uct'tlations 

oaused by cyclonic storms moving eastward across the western United 

states 0 In winter the storms are irregular and the barometric pressure 

fluctuates vi del;?" • In summer these storms are more :regular and fluctua­

tions are small. The cyc1onio-pressure changes are most prominent from 

about mid-September .to May and cause relatively large water-level f1uct't'lB.­

tions (figo 23, upper hydrograph). The periods of increasing and decreas­

ing pressure usuall;?" extend through one or more dqs and caused water­

level fluctuations of about 0~2 to O.S ft. The average is about 0.3 ft. 

A.s a result of the seasonal differences in the barometric-pressure 

patterns, the water-level patterns caused by diurnal f1uotuations are 

dominant in late spring and S1ll1llIler g and those caused by qclonic storms 

are dominant in the fall and winter. 

Figure 24 is a series of scatt-er diagrams in which the depth to vater 

in well 3E'-29E-14adJ. during several periods is plotted against the contem­

porar,y barometric pressure at the 'Weather Bureau St~t1on in the Central 

FaeiH ties area. The diagrams indicate e:weptionally good correlation 

between the two variables, and the barometric efficiency of the well 

averages about 60 pet. The barometric efficien~ of ether wells on and 
, 

near the NETS ranged from about 32 to 95 pct (see table 23)0 
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Ta.ble 23_11arometr:l.c af'ficiency of wells on and near the UTS 

:Barometric :Barometric 
Well number efficienC7 Well number ef't'ieienClj" 

.. !'Deroent2 (:esrcent) 

7li-3lE-34bal 5:;: 4N-30lli- 7e.dl 45 

6N-3Ui-13dbl 86 3N-29J-14adl :JfI:J 

6li-3lE-27bal 65 3N .... 30ll-3laal EJ95 

6N-32X-llalU 52 3~32ll-29ddl 45 

6N-32E-36adl 87 :;N-33ll- 3a.bl 88 

6N-33E-26ddl 89 3N-29l1l-25bdl 77 

5N-29:m-23cdl !i41 2N-27Jl- 2ddl 52 

5N-3llli-14bcl ~95 2N-28li-35adl 65 

5li-32ll-36adl 91 2N-31E-35dcl 51 

5N-34E- 9bdl 64 15-30J-15bel 32 

4N-29E-9dcl 28 Average 60 

'!/ Large nonbarometric eb.allges in water levels make determination of 
barOllletri c eff ect s diffi cul t • 

gj Apparent efficiency- un:u.sually high. Other factors III8\V be involved. 

31 Apparent efficienClj" :ra::c.ges between 56 and 67 percent at different­
times. 

In general, barometric fluctuations in wells on the :fmrS follow two 

distinct seasonal pa.ttllrns. One is a typieal diurnal cycle induced by 

solar heating of' the atmosphere; the other is a less systematic fluctua­

tion caused by cyclonic storms (fig. 23). The pressure changes caused by 

solar heating during the c3.q and by coolillg during the night cause regular 

diurnal low and. high pressures throughout the summer. Water levels in 

wells respond by rising durillg the day and deel1nillg during the night. 
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In a truly tIIlconfinsd aquifer the water table communicates freely- with 

the atmosphere through ground air in the zone of aeration. InaSIll'llCh as the 

barometric pressure a.ffe~ts all parts of the water table about equally- and 

about the same as they- affect the water level in the well~ the water level 

does not change Vi th cili.angi:cg pressure 0 

:Barometric fluctuations of water levels commonly- OCCllr in wells on 

the Snake River Plain be~use the water is partlY" confined, especiall;r 

at depth. Impermeable layers in the basalt~ both in the zone of satura­

tion and in the zone of aeration, locally- confine the ground water to some 

extent and they impede communication between the atmosphere and ground. air 

(see discussion of ground. air, part 29 p. 4y..46).. In most wells in the 

SDake River basalt that have been observed S7stematicall;r, water levels 

respond to ch.aDges in barometric pressureo 

The confining bed in an artesian s;rstem resists the efr-ect of rising 

atmospheric pressureo The decline of the water level in the well: is a 

function of the proportion of barometric pressure that does not overcome 

the resistance of the confining bedo That is, the well is not 100-pct 

efficient as a water barometero The barometric efficiency- is expressed as 

a percentage ratio of water-level change in the well to the barometric 

change, in equivalent 1lIli tso A barometric ef:f'icienoy- of 60 pct means that 

the water level in a well rises o~6 ft in response to a barometric pressure 

drop equivalent to a head of one foot of wate:ro The computed barometric 

efficienc;r of representative wells on the lmTS is shown in table 23. 

, 
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Barometric Fluctuations 

Prominent and regular snort-term water-level fluotuations in wells 

on the :tmTS are- caused by ch8.nges in atmospheric pressure. These are 

called barometric fluctuations because the wells act as water barometers. 

~arometric fluctuations do not indicate changes in ground-water storage, 

but they disclose certain characteristic~ of the aquifer. At times they 

mask other water-level flUctuations. Therefore, microbarograms of atmos-

pheric presStlre are used in conjunction with records of barometric water-

level fluctuations to interpret the hydrographs of wells whenever accurate 

reading of smaJ.l fluctuations is neoessary. The barometric fluctuations 

are especially important during pumpil'lg tests when small drawdOlln in a 

well mq be masked. completely by barometric fluctuations. Obse1"Ved 

water--level fluctuations can be adjusted. for barometric effects and this 

is neoessa%7 'before making computations 'based on effects caused by pumping. 

Mechanism of barometric fluctuations.-~arometric fluctuations, like 

seismic ones, ordinarily are more prominent in artesian wells than in 

wells that tap tI1lcon:fined water. The water level in an artesian well 

expresses a balance between the internal pressure in the aquifer and 

atmospheric preasure on the water surface in the well. The waiter level 

eha1:Iges when the two pressures become unbalanced. Artesian aquifers are­

elastic (Meinzer, 1925, p. 263-291). When pressure in the aquifer 

increases, the aquifer ~ expand and compress the overlying con:fining 

bed (the rise and expansion, of course, are extremely small per unit 

volume). Pressure increases when barometric pressure rises and water is 

forced. from the well into the aquifer. The reverse occurs when atmos-

pheric pressure falls. 
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Figure 22 shows 9 in addition to the high incidence of southwest 

winds, the greater range in wate~level fl~tua.tions induced bY' those 

winds compared to winds from ot;har qu.ad.rantso In general, a southwest 

wind of 12 mph noticeably affe~ts the water level in a well, whereas a 

wind speed of onlY' about 10 mph from other quadrants is suffiCient to 

cause noticeable flUctuations 0 The difference probablY' is due largely 

to the fact that the southwest winds usuallY' are less gustY' than other 

winds and tend to produce more gradual pres sure changes in wells. An 

increase in speed of 10 mph in a southwest wind causes a water-level 

fluctuation of about 0.024 ftowhereas a similar increase in wind speed 

from anY' other quadrants canses a water-level fluctuation of about 0.017 

ft. 

Sigc.ificance of eolian fluctuationso-Althougb. wind-generated watel'-­

level fluctuations in wells are small to negligible, the fluctuations 

often interfere with the interpretation of recorder charts because they 

mask other fluctuations. This is especially true during pumping tests, 

when small water-level changes caused by pumping must be identified. in 

order to compute the hydraulic coefficients of the aquifer. Wind-

generated fluctuations are less apt to occur in water table wells than 

in artesian wells. Their occurrence in wells on the NmS shows that 

there is poor communication between ground air and the atmosphere, so . 
that air pressure is not applied uniformlY' to all parts of the water 

table. 

, 
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in response to a aha.rp increase in atmospheric pressure. Figure 21 shows 

typieal periods o£ wind-generated fiuetua.tions, and. intervening periods of 

relati va ealm. 

Meeha.nism 2i wind-genera.ted fluetuations.-Wind-generated. fluctuations 

are caused by cb.a3lges in air pressure wi thin the reeorder &hel ters and in 

the well ca.sillgs. Ai~pressu:re eha.nges inside the shelter. caused by 

fluctuations in wind speed, are transmitted directly down the well to the 

water surface. A. gust of wind. blowing past a recorder shelter increases 

the velocity and decreases the pressure of the moving air at the end.sof 

the shelter. The net effect is lowered air pressure inside the shelter 

and the well easing and a rise of the water level in the well. As the 

gust of wind dies,. the pressure in the shelter and well easing returns to 

normal and the water level declines. ::Because wind speed aDd direction 

never are constant, pressure in the well easing fluctuates continually. 

Peak gusts, which produce relatively large and very rapid pressure changes 

within the shelter and. well casing, cause the irregular and jagged traces 

on the charts. 

A wind blOWing normal to the axis of the ventilator openings in a 

recorder shelter causes the greatest water-level fluctuations in the well •• 

For example, the vents in the shelter on well 3li-291-14a.d.l open to the 

northwest and southeast, and the water level in the well responds more 

strongly to winds from the northeast and southwest quadrants than to those 

from other quadrants. On the left side of figure 22 is a plot of hourly 

southwest wind speeds against the ampl1 tude of the induced water-level 

fluctUations. On the tight side of the figure the fluctuations in 

response to all winds except those from the southwest are shown. 
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the well, aDd the water-level rises.. The rise of water level is strictly 

a well phenomena; nothing but compression and. rise of pressure occurs in 

the aquifer. 

Wells in the Ni3.TS respond readily to seismic waves because the aqui-

fer is a complex interlayering of permeable and nonpermeable basalt and 

interi'low sediments. The nonpermeable beds locally restrict conmmnication 

between successive vertical levels in the aquifer.. Water between such 

layers is subjected to coIlfined compressive force when the seismic waves 

strike, and responds like artesian watero It is statistically probable 

that any deep well in the basalt penetrates one or more nonpermeable 

la;yers at or beneath the water table and. is able to register seismic waves. 

n uctuations Caused by Wind 

Wind-generated fluctuations, which are recognizable on most recorder 

charts from wells on the Ni3.TS, are momentar,y and do not indicate challges 

in ground-water storageo lIind effects obscure the record of other watel"-

level changes and lessen the accuracy of water-level readings from a 

recorder chart. The rapid eolian oscillations also reduce the accur~ of 

direct water-level measurements. The small :fiuct'Uations caused by wind are 

a minor concern, however, and readings of water level are sufficiently 

accurate for most purposes. 

!he amplitude of the observed wate:r-level fluctuations caused by wind: 

averages between 0001 and 0.02 ft; few exceeded 0.06 ft. Figure 20 is a 

direct reproduction of the recorder trace of the water lev$l in a well 
, 

while the wind. speed raIlged from 6 to 37 mph and averaged about 25 mph. 

The rapid decline of the vater level at about 9: 00 am on November 23 was 
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550 m1 northwest of the E:1m!boldt County epicenter, caused a fluctuation of 

0.29 it in the same well. Even successive quakes from the same foc'llS a.nd 

comparable lDagai tude do not have 'lmiform ef'fects. The Fal.lcm, lievada . 
quake of J'ulr- 6, 1954, magnitude 7, caused a water-level fluctuation of 

0.4 foot in well 4:N-30E-7adJ., lIherea.s the Fallon quake of A'tlgtLSt 24. 1954, 

magnitude 6.8, caused a. water-level fluctuation doUble that of the earlier 

quake. On the other hand, in some instances there is a direct apparent 

correlation between the magnitude of the quake, its distance from the Yell 

and the amplitude of the water-level n uctuations • For 6D.1I:I:ple. an earth­

quake on Jan. 11, 1953, magnitude 6-1/2, in Yukon, Canada, with an epi­

center about 1,6,0 m1 distant, caused a water-level fluetuation of 0.09 ft 

in the well. ~e average of the fluctuations caused by the two California 

quakes is 2.5 times that caused 'b7 the Yukon quake, the distance to whose 

epicen.ter was 2.5 times that of the California quake. 

The surface and transverse waves of earthquakes do not notioeably 

affect water level in wells. The observed seismic fluctuations are 

sole17 in response to the compressional waves, which are anal.ogous to 

sound. waves. Local geologic conditions in the aquifer determine its 

response to a seismic shook and the ef'ficiene;y with which the response is 

transmitted thro'l:lgb. the aquifer. Vater in unconfined aquifers ord.ina:ril7' 

does not respond perceptibly to seismic waTes because the waves travel 

very fast, affecting all parts of the water table about simnltaneouslyand 

about equally, and the compression does not cause water levels to rise in 

wells. Many artesian aquifers on the other hand, are quite sensitive to 

seismic snoCks because the aquifers are elastic. The compressional waTe 

increases the pres~e on the aquifer and forces some vater out of it into 
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Figure 19.-Plot of amplitude of seismic fluctuations in well 4N-30E-7adl 
against distance from earthquake focus. 



lSS 

available. The measured depth was 292 feet in 1949, but in 1950 it was 

deepened to 310 fto The chief aquifer probably is sand. 

Significance of seismic fluctuations.--The seismic fluctuations of 

water levels at the NliTS show only minor local disturbances. Most of the 

shocks registered originated. at foci hundreds to thousands of miles from 

the lmTS. 

Study discloses a general relation between earthquake ~tude, 

distance of the epicenter from the wells, and amplitude of induced. vater-

level fluctuations. Figare 19 shows the slopes of the lines obtained by 

plotting, for earthquakes of eq'Cal ma.gni tude, the amplitude of the vater­

level fluctuations in well 4~3am-7adl against the arc distance of the 

quake loci, in miles from the NRrS. Similar plots for other wells in the-

Station and in the Minidoka. North Side Reclamation Proj ect show about the 

same general degree of divergence between the lines. The steeper slope is 

obtained b~ the plot for the Japanese and Siberian earth~es. 

'!he amplitude of seismic water-level fluctuations in wells probab17 

is not a simple function of the magnitude of a quake and the distance of 

its epicenter from the wellso The depth of the earthquake focus, the 

type of earth movement that caused. the qu.a.ke, local and regional geologic 

conditions, the paths of the seismic waves, and other factors mnst exert 

appreciable in:f'luenceo For example, the earthqaake on July 29, 1952, 

magnitude 6-1/2, bad its epicenter in Humboldt County, California about 

675 mi southwest of the NmS.. This quake caused a vater-level fluctuation 

in well 4E'-30E-7adl having an amplitude of 0.15 ft. An earthquake of 
, 

similar magnitude on Deco 25, 1954, whose epicenter u.s off the coast of 

Cape Mendocino, California about 675 mi southwest of the lllIiTS but about 
/ 
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!he epicenter of the Tulare Valley, California. eartnquake 9 magnitude 

7-1/2. was about 600 mi southwest of the RaTS and was recorded by 7 of 10 

gages in operation on the Station at the time of the quake. The amplitude 

of water-level fluctuations in the wells ranged from O.lS ft to 1 ft. !he 

quake of November 4B 1952 on Kamchatka.» Siberia., magnitude 8-1/4'1 whose 

epicenter was about 4,100 mi northwest of the lmTS, was recorded by 5 of 

the 10 gages.. The water-level fluctua.tions in the wells ranged from about 

0.04 to 0.09 ft. The greatest observed effects of seismic shocks yere 

those caused by the Fallon. Nevada quakes, amplitude 6.s to 7 a of J'Cl.;y 6 

and A.ugust 24, 1954, whose epicenter was about 400 mi southwest of the 

tmTS. The first quake was recorded on 9 of 16 gages then in operation and 

the second on 12 gages. !he amplitude of the fluctuations ranged from 

0 .. 06 to 0.7S ft in. July and. 0 .. 02 ft to 1 ft in August. 

The quake of August 12, 1953 in Greece, 'Whose epicenter was about 

6,700 mi distant, was the most remote quake recorded at the l'lmS. !!!he 

effect of the quake was registered on only one gage, and the amplitude of 

the water-level fluctuation was 0 .. 03 ft. The gage vas equipped with a 10 

in. floa.t in a 12-1n. ea.siDg. The shock probably was dampened out in 

wells of smaller diameter by the frictional resistance between the floats 

and yell easiDgs. 

Seismic-shock traces on several reoorder charts do not correlate vi th 

allY earthquakes reported by seismological stations. The traces probably 

represent minor seismic disturbances at local foci. 

Well 6N-32E-36a.dl (Second Owsley) is the only well on the NB.TS on 

which a recording-gage was operated longer than a year without registering 

an earthquake shock. The well was drilled ma:ny years ago and no log is 



Dec. 
Feb 0 

Har. 
Mar. 
Apr. 
June 
Aug. 
sept. 

Table 22.-Seismic water-level fluctuations in well 4N-30E-7adl, National Reactor Testing 

Station, Idaho--Oontinued 

Vater-level fluctuation Epicenter of quake 
in vell Time Location Magnitude 

Ampli tude Time (OOT) (Pasadena 
__ _ U·~~~)~__ (GOT) _______ ~c~~) 

21, 1954 .55 14-19 19956 41OX., 124°w. t Humboldt Oounty i Oalifornia 6A-6 3/4 
27, 1955 .19 21-22 19:21 Off coast of Honshu, Japan 
1, 1955 .14 03-04 08:03 Off coast of Mexico 

17. 1955 .09 21-23 03:22 Near coast of Kamchatka 
4, 1955 .17 17-19 11:11 22OW., 121oE., near south coast of Formosa 

14, 1955 .OS 04-05 03:43 6OJ., 7Siow., off coast of Colombia 
6 

23. 1955 .05 09-11 09:53 Mindanoa, Philippine Islands 
S. 1955 .05 12-14 10:59 53loN., 16001., near coast of Kamchatka 

I}j Aftershock 

W Pen trace on recorder chart indistinct. 

" 

I-' 
C». 
0\ 



Table 22.--Seismic water-level fluotuations in well 4N-30E-7adl, National Reactor Testing Station, Idaho. 

(Qruake epicenters and magnitudes from publiShed reoords of the U. S. Coast and Geodetic Survey) 

Water-level fluctuation ~icenter of guake 

Date in well Time Location Magnitude 
Amplitude Time (GOT) (Paa8.aena 

(feet) (GOT) ~ca1e) 

Nov. 18, 1951 0.10 °t11 09:35 ~10N., 9~OE., eastern Tibet ~ Mar. 3-4, 1952 .29 2 02 01:23 r.' 1 ~OE., Hoklcrldo. Jtq>an 
Mar. 5, 1952 .06 15-17 15:46 2 O}f., 10 OW., Gulf of Oal if ornia 5 3/'q.;.6 
July 29, 1952 .15 05-06 07:03 ~5 ., 119OW., Southern Oalifornia 6! 
Aug. 20, 1952 ·35 15-11 15:25 3~., 127°W., off coast of Oregon 7-a Nov. 4, 1952 .89 16-18 16:58 52~.' 159°1., east coast of Kamchatka 
Jan. 11, 1953 .09 22-24 22:~ 65 ., 1330l1., Yukon, Canada 
Aug. 8, 1953 .07 18-21 IS: 5!0Ji.. 159!°Jl., eeBb coast at Kamchatb 
Aug. 12, 1953 !W:~ 08-10 09:24 :3 ON., 21°11., west coast of Greece 7i 
Aug. 17, 1953 02-013 02:12 3 ON., 2101., west coast of Greece 
Aug. 113, 1953 .06 03-05 04:37 , Aleutian Islands 
Sept. 30, 1953 .113 20-23 23:04 22GB., 107!OW., off coast of Sinaloa, 

Mexico 6 3/4-7 
Nov. 4, 1953 .04 01-04 03:49 12ioB., 166ioll., New Hebrides Islands 7.3 
Nov. 17, 1953 .16 12-14 1~:30 140}{ ., 92°'., near coast of Guatemala 7i-li 
Dec. 4, 1953 .09 14-15 1 :55 49iON., 129°W., off coast of Vancouver 

Island 
737i Dec. 12, 19§a .08 16-18 17:31 JioS., !3l oW. t off coast of Peru 

Jan. 7, 19 .04 04-07 04 &: 07 - , south of Fiji Islands 
Mar. 19, 1954 .07 09-12 09:54 33.3OW., 116.10 W., Santa Bosa Mountains, 

Oalif. 6-6t 
Apr. 29, 1954 .~ 10-12 11:34 112ioW., Gulf of Oalifornia 7i-7 3/4 
July 6, 1954 09-11 11:13 11~OY" neer Pallon, HSTade 7 
July 6, 1954 A1:18 19-22 22:013 1113 oW., near Fallon, Nevada 6 3/4-7 
Aug. 24, 1954 "9J .136 05-07 05:51 11 oW., near Fallon, Nevada 6.13 
Oct. 17, 1954 .10 22-24 22:57 11 W., Lower California 5.13 
Nov. 12, 1954 .06 09-12 12:26 116ow., Lower Oalifornia 6.1 
}JOT. 25, 1954 .29 10-12 11:17 126oy., off Oape Mendocino, Oalif. 7-~ 

I-' 

. Dec. 16, 1954 >1.0 09-11 11:07 119 OW. , near Fallon, Nevada 
();l 
\J1 
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450.51--------+--------

I-

I 

I-

California. Time (M ST) and date 
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uation in well: between 5 :00 and 7:00 am. 
Amplitude of water-level fluctuation: 
> I foot (drum revolved more than -
once and caused pen to retrace its 
previous mark). 

-

-

o 
~ 

E 450.8~----------+-----------~\·~----------------------------------~ 
..r::. -c. 

Q,) 

o 
f\ 

- -

I-

I I 
451.0 17 18 

I II I I I I I I 1 1 
19 20 21 22 23 24 25 26 27 28 29 30 31 

July 
1952 

August 

Figure 18.- Hydrograph of well 3N-29E-14adl showing water-level fluctuation caused by a seismic shock. 
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apparent arrival time was one to tvo hours earlier than the shock at the 

epicenter. General 11' , the tremors registered. b7 wells on the plain can 

be correlated. readil1' with shocks originati:cg beneath known epicenters. 

Ifhe alIIplitude of most seismic wate~level fluctuations in the Snake 

River Plain ranged between 0.02 and 0.2 ft. The ampli tme of the fluctua­

tions caused b7 earthquakes originating near l'allon, Nevada, and Tulare 

Valle,. and H12lIlboldt Count,-, California 8:tCeeded 1 ft i'n seven wells on 

the lIMS. The. Fallon quake of' December 10, 1954 oaused a fluctuation 

exoeediDg 2 ft in well 3N'-29E-14adl. The chart dram on the gages was so 

geared that one revolution of the drum (full width of chart) represents 

either 1 or 2 ft. Fluctuations exceedi:cg 1 ft or 2 ft cause the dram to 

revolve more than once and the pen retraces it B mark (see fig. 18). lor 

that reason, the full amount of' the water-level fluctuation could not be 

read from the charts. The magnitude of the quakes causi:cg the fluctua­

tions ranged from 5-3/'4 to 9-114 (Pasadena scale). Table 22 lists all 

seismic shocks recorded b7 the gage in well 4N-30E-7adl from November 1951 

to December 1955 and correlates them with earthquakes reported b7 the 

U. S. Ooast and Geodetic SUrvey. Records of all identifiable seismic 

fluctuations in wells in the JOlTS are in the files of the Geological 

S'urTe7· 

, 



tivity of the gages, so tha.t more sheeks have 'bean reco:rded sin.c;e the 

~t was repeatll3d. (fig. 18). The Sh~M :f~om the Tulare VallElY~ 

more than anae. 

used p and the smallest s'libdj.visicn or:. the chart was 0 0 1 in •• rep:rese..."1t-

ing a penod of g hrs. At times some gages were equipped with gea.:t"s 

giving time sClales of 102 and 2.4 in. per ~v, and the smallest divi-

sions on these cllarts l"epresent: 2 and 1 rs, :respec;;t5'Ys1.y 0 In general, 

on charts from me;st gages the time o.ould n?t be l"e:a.d. clcSElro than wi thin 
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Figure 16.-Hydrograph of well 2N-3IE-35dcl (USGS no. I). Illustrates 
various types of concurrent fluctuations (above) and 
seasonal and long - term fluctuations and trends (below). 
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fluctuations in water levels mB:1 be caused by earthquakes, wind gusts, 

and barometric-pressure change. Each agent causes a characteristic type 

of fluctuation which is identifiable by the pattern it produces on a . 

recorder chart. 

Seismic Fluctuations 

Ifhe effects of earthquake shocks on water levels in wells have been 

observed for ~ years in various parts of the United States (Stearns, 

1928; Stearns and others, 1930; Leggette and Ifq1or, 1937; Ifqlor and 

Leggette, 1949; Parker and Stringfield, 1950). Ifhe seismic effects on 

vater levels disclose significant facts about the aquifers. which will be 

discussed later. Of the three main types of earthquake waves, the surface 

waves seem to be registered BOst efficiently in wells. Ifhese vaves cert 

a compressional force on the aquifer. Ifhe Survey maintains a nationwide 

program of observing earthquake effects in wells, in collaboration with 

the U. S. Ooast and Geodetic Survey, which pUblishes an almual report of 

water-level fluctuations caused by earthquake shocks. 

Fluctuations caused by seismic tremors were first observed on 

recorder charts from wells in the N:B:!S in December 1950. Since then ma.t:IY 

others have been observed on charts from the NETS and from southern 

Minidoka. County, Idaho. The f10at-actua.ted recording gages used by the 

Geological Stlrve;y in Idaho register an earthquake shock b7 a vertical 

line on the hyd.rograph, extending above and below the point on the hydro-

graph representing the post tion of the water 1.6vel in the- well immediately 

before the seismic shock arrived. 



at most plaCiElS v 

FluatuatiOIlS of the "'''ater table are analcg;~us to tlwse of the water 

are clues to c:h.a.racrte:r.i.stiC's of the aqrtifet's whi.ch oth.erwise might be 

Most watsI'-level ;f"11J.ct:ua'tiox:,s :in wells on the Snake RiVeT Plain ~ 

be readily identifi'Sd. wi t,h 'their CB.'tLsesc. The fluctuations a,'e gl'ouped 

tuations and trends. The hydrc.graph of w£:ll 2N=31E= 35dd (USGS no 0 1) ilS< 

typicml. for wells on the Snake m:vel" Pla.in, and shows some prin~ipal 

types of fluctuations (figo 16). 
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discharge of ground-water to the Snake Biver meas'W:'ably. On a propor-

tional scale, the reduction caused by depletion at the ourrent rate on 

the NRTS is negligible. 

FLUCTUATIONS OF THE WATER T.AJ3LE 

The static water level in a well having free communication with an 

'1mcoDf'ined zone of saturation is essentially continuous with the water 

table. For the purposes of this report, the two are assumed to coincide 

exactly. The water levels in artesian and quasi-artesian wells reflect 

the pressure head in the aquifer. Fl.-actuations of water levels in wells 

represent changes in the position of the water table or in the artesian-

pressure head. The water-level fluctuations di scussed here are those of 

unconfined water and the water table, incltlding quasi-artesian water. 

Periodic measa.rements of water levels in the EmS and adjoining area 

began with a few wells in JuJ:y 1949. J3.ecording gages have operated con-

tinuously in some wells, but most of the gages were rotated among wells 

in order to obtain recording-gage records for representative periods from 

as ~ wells as possible. In add! tion, records of water levels in 

various parts of the Snake Biver Plain have been obtained in connection 

with other projects of the Survey. Some of those records are used in 

thi s report. 

A shallow water table commonly fluctuates markedly d'tlring short 

periods, responding to local influences such as recharge from precipita-

tion and irrigation, the diurnal qcle of evapotranspirat:ton, wi thdrawaJ. 
, 

of water by P~ing9 and fluctuations in the stages of streams and lakes 

which col1Dl1'tlllicate with the aquifer. A deep water table is less responsive 
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Ground water it: pmnped. from ma:ny dcmet£He" irl"igationg mtmidpalg 

and. industrlal ·well s in the Sna..'k:e Rival" Plain. OIlly e part of the pumped. 

water is c:onsumed. by use~ and tlte T'e~~, :nms; off' aT' retu...""'nlS t~, the ground.-

use is by irrigated c:fc'ps. 

Grmmd-water" ~ri thdrawals fro:;:m pa:rt,s cf the Slla.kl-! R:tver Plain ~~h:!;:~idB 

the NETS fa:r eXC1eed w.i f.hdrawalii ell th", stati':!!l. !!Ihe ap:p:r·c.,:x:~mate 'Vc;l.~llli.t2 

of "ritha.ra,rals fOT ir'!'~.gatjon C'I'! the 1)1.8:11':; can be;- ':::sti:m.s.'!-e;i. Sb.U':'t::r_, 

(1953) p. 8), estima. ted tha't the yea:rly withdrawal in 1952 i:r'::m m:tre thar, 

90 wells in and near i"he Aberdeer,-Sprlrlgfj.€ld. iT'rlgaB"n trac-t, ser,"lng 

11~200 Mres~ was abC1;'" 3S~900 ~---f+/yea"!;. 

CI'osthwa:l. te and. Sc,ctt (1955) e;:;~im':e>d tha<; g';t?!)\1!id-wate:r pumpag~ :[01" 

ilTigat:i.on in the Ce.n'''I'al Snake: Ri~Jer Pl", ~n Ln 1953 wa.·:, a'·""1.i!' 374,000 aC'-

1:150 ac.-it. 

D1l.I'ing 1955 the average daily pumpage of water OJ: the IffiTS was about 

2.6 million gallons (see part 1, p .. 62) Mu-::h ef the watEI returned. to 

ground-""s:i;:;er' at-or-age th:rough se~pag€; pi ts and. di s:pc.sal wells but !e~or·d.!3 

of the amount d' water returned. areinr:omple<r., T!1e a'.'el'2.g8 :rat€: of 
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Natural Discharge 

The valley' of the Snake River between Milner and King Hill is the 

principal natural discharge area for the ground. water. The aggregate 

discharge rate averaged. about 3,800 ds in 1902 (Stearns and others, 

1938, p. 163), but the rate iner,eased markedly atter the advent of irri­

gation on the Sllake River Plain with S'Dl"face water diverted from the 

Snake River. The rate now exceeds 5,500 ds. A general check of the 

volume of water discharged from the ground. water reservoir to the Snake 

River was obtained by st~ of the discharge rates at gagj:ng stations on 

the river at Milner and King Hill. The increment to the Snake River 

between these stations in 1910 was about 5,250 ds. :Bj" 1917 it had 

increased to about 7 ,250 ds. It was relativelj" constant from 1917 to 

1936 but increased to about 8,000' ds between 1936 and 1942. In 1953 it 

was 8,526 ds. Cfb.e increment includes some ground.-water and. surface 

discharge from the south side of the river, but is largelj" from sprillgS' 

on the north side. The rate of discharge from these springs was esti­

mated from records of a series of direct measurements of all the princi­

pal. sprillgs duri:ng 195Q-55. !he increase in the ground-water discharge 

large17 reflects new recharge from irrigation on the Snake River Plain. 

Substantial volumes of ground water are discharged in other areas, 

as bj" effluent seepage around the borders of .Amerlca.n Falls Reservoir, 

the upstream northern edge of Lake Walcott, and. alo:cg certain 'Ilpstream 

reaches of the Snake R1 vel'. 

Eva:potranspiration direct~ from the water table is propol'tionatel7' 

small except in the Mud Lake :Basin, in an area in the vicini tj" of Carq, 

and in a ffnl' other 'border areas of the plain. 



about 0 .. 2 ft pe:- year, ave:r.aged. :f~r the whcle station. 

On the otr;er band~ if the effet)'t;lVe porosl ty of the aqu1fsr is 5 

pGt, the e:f'fe~tive vol't'.1m6 of stcI"ed wa~e%' is 2l~ 700» 000 M-ft and. t.'b.e 

crurrent rate ot pumpa.ge would lowr the water ta."ole only about 0013 :n . 

per year, averaged.. for the whels stat1ono 

Still assumi11g a static ~ou.nd-'Wa'\.te:r bfild.y't pumping on the Station 

at a greatly enlarged ~ont1n'tl.'t)us rate of' 250 cis would remove about 

182,000 aCll"e--feet of water yearlY9 lW6:r"lng ths water table about S03 to 

12 ft, and the reserYoir would ClCintain a 12Q.,. t,:;: g().,..y~ s:upply of va:t,er. 

Going farther afield., Cionsider the a.'t"ea ct the S!.iake R1 ver Plain 

used. in the 1mage-v611 study - 7 p 000 sq m (4" 5xl.06 a::;) - and assumE! 

the same average depth of satU'r'ated th1(;;kness~ -- 1~000 f'to At 3.5 and 

5 pGt effeGtive porosity, the volume of stored. water is 1 .. 6::dOS or 

2.2xl08 ao-fto respeGtivelyo If the total of effe~t1ve net consumption 

of pumped. ground water on the Snake River Plain were at a rate of 19200 

ds Gont1nuouslYr annual P'Illllpa.gEs wO':lld 'be 874$000 a~ft. If there were 

no recllarge or artificial. discllarge; the annual 1O'We~1I1g of the water' 

table, averaged for the whole areap would 'be about 5 it at 3 • .5 p~t 

effective porosit1' or about 304 ft at 5 pet" 

DI SCH.Am1ll OF GROUND WATE.R 

Ground. water from the Sllake Rive:r Plain is clis~ha.'r.'ged natt<rally from 

springs and seeps and art1fic:ially f:rcm weollso Na'tiuz"al clisGharge is by 

far the larger 9 but withdrawal from wells h p!'oceed.ing at an accelerat-

1ng rate.. Some ground water is eonS"~ed d.ire::tly by e'Va.potranspiration. 
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The Stationwide aggregate effects from mlltual interference smollg 

wells, if all were pumped continual~ for 10llg perlods~ could be computed. 

The lowerillg of water levels throughout the Station a.t the present rate 

of consumptive withdrawals,. however, is inconsequential. Likewi se. the' 

increase of pumpin8 lifts, ,caused bY' mutual interference v is economi-

callY' inconsequential. So it does not seem worthwhile to compute Station-. 
vide aggregate eff'ects at this time. Moreover, further observations and 

tests vill lead. to refinements in calculations so that, bY' the time local 

and regional eff"ects become significant, useful computations of long-term 

effects can be made. 

Local Storage Capacitz of ~ Aquifer 

For comparison with the computed effects of pumpillg, it is interest-

ing to estimate the ef:!ects of pumping that would occur in the NmS'1f 

all water were withdrawn from storage vi thin the Station botmdaries. 

That is, suppose that there were no recharge or replenishment bY' und~ 

flow and that no water were drawn into the Station. Some simple calcu­

lations give a hint of the vast amount of vater siiored in the basalt, 

aDd. thq help to explain ~ prolonged pumping at current rates on the 

ltI3!rS have so little observable effect. 

The conservatively- estimated average eff"ective porositY' of the 

Snake River basalt is 3.5 pet. Assumillg that the average thickness of 

the zone of sat'U%'a.tion is 1,000 feet, the total ef:!ective volume of 

stored ground water beneath the 435,Ooo-acre Station is 15;200,000 ac-
" 

ft. Nearly- a billion gallons of water was pumped in 1955, or about 



:Noticea.ble drawd.0l1m from pilmp1IJg was o"tH~e"ed. at a. diatan~e of more than 8, 

mile from the p'tmtped w~ll. Th6oretiOla.lly·~ the Clone of 1nflueIl.C6 of well 

.&llP-2 had ~ spre~ to a di eta.n.oe of a'b out 4- m1 at the!; end of 72 us 0 

The elone at influence WO'llld deepen and. spread ~..h :ta.rther than 4 lid 

it pUmping in yell JJ1'P-2 were Clon:tlnued 1ndetird tl!tly. For e::ample9 using 

the theoretic hyd.ra.ul1c systems menM,oned. ea.!'Her in thit'i report and the 

average ~aulio properties of the Snake RiY'6:t" basalt in the :N'mS area. 

and throughout the pls.1n, elomputat1ons show that pumping of well ABP-2 

elont1nual17 at a rate of 1220 gpm eventually would. lowsr If'S,ter lev..els in 

the S:m area. (a.bout lS m1 southwe~ of the A1.fP area.) a.bout 003 :tt. The 

lowering of pumping levele in wells in the sm area. would be negligible. 

The amount at interf'ereMe between welts is proportional to the rate of 

pumping. !hus p pumping well .A.EP-2 a.t a ra.te of 610 gpm would lower water 

levels in the sn area. only abou.t 0.15 ft. 

The drawd.own in well .A:NP-2 at a pumping rate of l220 gpm and a pump­

ing pertod of 72 bra was 21.4 ft. If the yell were pumped continu.ously 

the drawdown would increase 'IlJltll the ~one of influ.enee sta.bilized and 

equilibrtum elonditions preTailedo Consid.ering hydrogeologiel boundaries 

and. the aTerage ~aul1~ properties of the Snake BiTer basalt in the 

llmS area and throughout the plaini the Clomputed drawdown under equili­

bria elondit1ons would be 21 .. 9 fto Thus i if Yell A:NP-2 vere pumped 

elontin'l1OU.Sly at a rate of lp220 gpm~ the drawd.own would be ollly about 005 

ft grea.ter than that measured. at the end of 72 hr5$ The int:trease in 

drawdown is propor'tional to the P'Umpi,n,g re.tec If the rate of pumpUig 

were 2,440 gpIllp the increase 1n dra."down would be a.'bout 1 ft. The total 

drawdown from long-term ~ont1nual p'OllIp:b:;g at 2 9 440 gpm would 'be about 44 

feet. 
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Table 21o=Esilimated aff~ts of pctsnt:1a.l grotmd=water development in NETS 

on water levels in Snake Riv3r Plain 

Point of 
observation 

Mid~ between Taber and Blaekfo~t 

Southern Minidoka. County 

Drawdon of water levels 
(:feet) 

0.,6 

0.1 

Wi thdrawals of ground water from prodU.©tion wells in one part of the 

:N'mS eventually will lower water levels in other partso The data from an 

a.rea.g Ulustrate lOelal intierfersoo9 a.m~ng wells at the end of a relative~ 

short period of pumpingo The drawdo..m of water let:els in obsenation 

wellss caused bY' pumping of well ANP=2 at a rate of 1220 gpm for 72 brs, 

were as followsg 

Distance fl"tOm Drawdown Well ptimp6d well (feet) . (feet.) 

ANP-l 595 . 00 80 
.. 

Al.IIP-Disposal 19960 0045· 

IE-D1 sposal 59450 0.,1 



steepens. The1"uore, unde:d1.Qw frt:.:m the NETS to thG platn dMrea.ses, and 

inflow to the N.RTS increases. Water level~ in the Snake River Plain U'e 

a:t:fected. bY cilaJ:lges in underfltnr from the: NETS tel the plain and. 'by ~ha.nges 

in inflow to the NRTS from the pla.:blo The magnitude of these ef:fe~t9 f%'Cm 

pumping at the Clurrent low rates p cf ClOlU!"S6& is va.nish1:agly small .. 

Ground-water pumpage from prod~ticn wells on the RaTS was about 

4 efs or 2,900 a.c.-ft in 1955 (see pt e 2!' table 10). Mueh. of the p'WlXped. 

water was rettu":lled to ground storage th'ro'llgh disposal wells and infiltra.­

tion pits, so the net depletion of ~ound wa~er was lov j probably ranging 

from 15 to 50 pct of the amount p~ed at different fac11itiesc The esti­

mated consumptive use of water on the NRTS in 1955 is 1.3 cfs. Theoreti­

cally. withdrawal of this small amount of water will lower water levels in 

irrigation-well fields on the Snake R1-v~ Plain only a few hundredths of a 

foot or less. That is p the lowering from this Gause will be indistinguish­

able from the lowering from other causes. 

Suppose that the consumptive 'Ilee of ground. water en the NRTS 

increases by 1975 to 15 cfs (11 t 000 ac-ft per year). Compu.tations similar 

to those described in preceding se~tions cf this report were made to 

determine the effe~ts of withdrawing 15 ds on water levels in irrigated 

areas on the Snake River Plain. The results of the cO!lIF.ltations (table 

21) show that withdrawal at the assumed rate would not lower water levels 

noticeably in the Mud Lake, Taber or Minidoka areas. No allowance was 

made in the computations for the partial hydraulic bo'Ulld.s-7 between the 

NRTS and. Mud Lake. The boundary probably redu..,es gr-ea:ny the sffe~t of 

pumping at NRTS on water levels in the Mud Lake a%'ea.. 
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computations were made to illustrate the iD!l~e on the total drawdown 

in the NRTS area of possible variances in the average hydraulic properties 

of the aquifer (table 20) 0 The table shows that the order of magnitude of 

computed drawdowns is not changed bY' varying the aquifer properties within 

reasonable lim! ts. The computed values a£ drawdown that are based. on T and 

S values of Sxl06 gpd/ft a.Ild 0005 are believed to be realistico SO the 

d.ra.wdown in the NRTS will be on the order of 5 to 10 ft after a 10Ilg term. 

of ;rearso 

Table 20 .. -Computed. effects of pumping on water levels in 

the NETS 9 at different values of T and S. 

Assumed values of 
T and S 

! = 4:106 gpd/ft, S : 00025 

! = Sxl06 gpd/ft, S = 0.05 

T = 102:107 gpd/ft~ S = 0010 

Computed drawdown of 
water levels in NETS area 

(feet) 
~ased on consumptive Based on consumptive 

use in 1955 . use in 1975 

16 

11 

2 6 

Effects on Water Levels in the Snake River Plain 

from Ground-Water Development in the lIllTS 

The amount of underflow beneath the NI/.TS is adequate to supply all 

existing faeUi ties and all add! tional ones that are defini tel;r foreseen. 

However, the area is not an isola.ted oell. Pumping from wells in the 

NE.TS oa.tlSes a. regio:ca.l lowering of water levels wi thin the NliTSo As a 

result, the qdraulic gradient out of the southern. part of the NRl'S is 

reduced, and the gradient from surrounding areas on the northeast 



some b asai t dra:ins 

test data probably is !!lu.cn snaller thac: '!:;n.e. tnt:: ('~:e:ff:lci.ent of th~ aqu:ifer' . 

• -."....,...., - ... ~...: rt.-
':::-_'.J___ _ ' _',.!. ',-". 

tude of 5 pet (0.05). real and image 

nonequilibrium fc~lla" 

Computed d:ra,.,downs i.n the lrn::::S as the :res~;~u. of pT'esent and fUtU:t:'8 

developments on the Sna}:e P..iver Plai.:;:l 'I,;e:-8 ta'ble Geologic 

and bydl"clogic studi.es made in t.he p~rea 1:w:vlsen the IffiTS a...'ld Mud Lake 

,,!ould tend to r'edtCc8 the 

boundaries can net be appraiseo. \d th ~he :.:cicr::'.at.ion nov.' available. The 

anticipated total dravrdO"!1lS at. tee 1'TR'I'S af,·ez- 108 years, v:hich would be 

caused by the estirnat,ed pumpage in 1955 2-TlQ 1975, are 4 and 10 ft, 

respectively. This esti:ma.te nakes 80TI2 all('?,;3.!:..c2 fe-:: the pa;t:iaJ.. o01J...Tld-

aries near !-~ud Lake. 

tions of elr 2,\';tiOKr::.S ";cr's ....... ,.-.,.,~ r· 
~-<~" . .': .. .. ~. ;-:.~ . 

and S VeJ.1J.8S from. 0 .. 02:; .:::..La. ,;..~ 0 :, C:. 

minimum and 



Table 19.-Estimated ground-water pumpage and. its effects on water levels in the NRTS at the end I-' 

~ 
of 100 years 

--
Withdrawal rate Oonsumptive use Oomputed lowering of wahr 

Area. of heavy (Acre-fee't per year) (Acre-feet per year) levels in NRTS area 
(feet). withdrawal 

1955 1975 1955 1975 :Based on 1955 :Based. on 1975 
Gon~~tive us~_ r~.Q.PJn!!l!J2 t :1''16 'Q..§.! 

Mud Lake :Basin 270g000 400 s 000 160,000 240,000 2·3 309 

Minidolm. COo 160,000 500~000 100~000 300,000 102 3~1 

Taber--W 0 :Bonneville 80,000 240~000 60,000 180,000 1..1 2Q5 

Aberdeen-Springfield 60 g ooo 90g000 33,000 50,000 006 009 

E. J el"ome 00. 281/000 40 8 000 14g00Q 20,000 002 003 

Gooding & Wo Jerome 00. 9,500 18 p OOO 5,000 9 g 000 - 0.1 
- -- .-~~ 

Total. 607 J 500 lp2SS i OOO 3<l2,000 7999 000 5.4 11.4 
_._---_._--_ ..... _- -

~ 



remote pla~ee to rea~h the NRTS. 

that the ave:r>age C\oef'ficient·s o:f transmissibility and stor-age of the 

Snake River basalt are 4no6 gpd/ft a.nd. 0 0 0259 !"es'P~~t~\"e.ly. ThesEI 



Thus i the basalt aquifer is not infinite in areal extent. it is finite i 

and the Snake River is a finite bound.a:ry 0 This condi tion 9 and the fact 

that the river is not a straight-line d.emar~at1on9 weT'e provided for in 

our hypotheti~a.l hyd.raulic s.1stem by in~reasing the dlstan~es from 

heavily ptlllIped areas to the line of recharge and. by assuming an aquifer 

wi th rectangular boundaries. 

The in:f'luence of the hydrogeologic boundaries on the regional 

eff ect s of pumping were determined by means of the image-well theory 

(see Ferriss 1949) 0 The imag8->well theory as applied to ground-water 

hydrology' ma;v be stated as follows~ The drawdown in a pumped well is 

increased by pumping from another well.. .A. barrier boundary also increases 

the drawdown, and the e:ff ect on the pumped well is the same as though the 

aquifer were infinite and. another well i discharging at the same rate, were 

located across the real boundary on a perpendicular thereto and at the 

same distance from the bound.ary as the real pumped well o For a recharging 

boun.da.ry the principle is the same except that the ima.ge well is ass'tIlIled 

to be recharging the aquifer instead of pumping from it. The hydraulic 

system discussed earlier consists of parallel boundaries. Analysis of 

parallel boundaries by the image-well theory recp.ires a multiple image­

well system (:Knowles, 1955). The image-well theory vas applied in deriv­

ing the estimates in the following seGtion of this report. 



system ~onl1'Jisti:ng of a, :lFE;~ta.."1g;'.:1a.!' aqaifero 190 and 65 milEl~ in langr-".,h 

and. widths and eoolosed, by twa :tD:r.e:t"se~:'.Cillg '!;iar:r':i~6 and. tWQi inter$\s@t!:ng 

rscl:larging b~i$so The banie:r bCltmd.a:r'i15>1S are' ~he 'b~rd.srs a£ the 

Snake Rive:!? basslt9 about 10 miles llorth:wsa;'W and. gO miles northeast of the 

CPP area in the l.iRrS~ These bo~ies eloine1clIS appronmately vi th the 

bases of mountains and hUb that <~O:T'de:t" t:h~ enHre Sn.a.k.6 :River Plain on 

the nortb,w6st s :north. alld. €.ast. The l"6ClliaI"g1.ng bc~~es are two segment .. 

of ths Snake River~ 

Along the S:nake Ri",13!' abe:J'we Milne~ Dam t inflUhIl~ :!"eaol:les alterIl.a:~e 

wi th ei:f1 nent o;:nss" Sp:r~'j"'!es and. se<e.ps diiOlzbs;r'gs gro~ 'Y.'8t>e:o tel the 

river in some reacllei:\9 and water pe:r~olates fr;:;m th.e. :oiwer into the aqui­

fer in others wh5re the wa~er table 16 'belew str6SlIl level. From Milner 

Dam to ll11ss t the yater table is higt-er than. the r'i "'e1" and. ground. vate::, 

is di scllar'ged ~ontinua.ll.y. 

Lowering of water levals along rlver reaches where infl.tumt or 

effluent ~ond1t1cns e:rlet wl.l1 16ssen the discl.LaX'ge of ground va.te::r to 

~he I1. V6r «))I" increase pS1"C'.claticr. Cif wst'el" I:rocm the :r:1:'(re:r.' into the aqui= 

faro Thus~ the effluent 1'8a.~iles of the :r'lV6:r wh.ere the vater table h 

above the bed of the river are re~ge Do'lmiiaries, whicl. lim t the spread 

of the ~ene of 1nf1uen~eo P'wnpage on the plain ultimat,ely rill red~e the 

amount ~ VB:te:f' disOlhareed. from springE< in the valley of the Snake River 

and in~!'ease streBJll l02sE<s along 1.n.fl:u.ent !"eac:hss of the r1vero 

!n certa:1n reac:h6t;< c:f thE; :r'i va:!:' D as iT'::!!;. R~'bsr'%s to Fi:f:'~h and. iTem 

Lake Walcott tc the ",>:!,:d,::Li ty e:f M11!le~ the T'Gg:J onal water ,;.at:·le 1.2 below 

the 'bed of the ri"'6ro Further lowe:t-':I..ng of water le~61s wO'rUd net;, inClreas.e 

river losses s so these :rea.!ilies of the riveT' al"6 li.vt :re~gs bouluiarl.61iio 
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a.Ild to an observation point vere 20 :r.oi 9 about 50 years would elapse 

before the cone stabilized at Uhe obse~tion point. ~y then the cone 

would have spread mora· than 200 miles from the pumped valli if the aqui-

fer were that extensive9 so the boundaries of the aquifer would have been 

reached lOllg since.. Thus, ground-water withdrawals remote- from lmTS 

ultimately will lower water levels in the Stat10n9 and pumpillg at the 

Station will lover water levels elsewhere on the Snake River Plain. 

Influence of Hydrogeologie :Boundaries 

The ~drogeologiCl bo'tllld.ar1es of the Snake River basalt are irregalar 

in shape and extent, and the l:qdraul.ic properties of the aqu.ifer vary 

from place to place on the plain. The regional loweri:cg of vater levels 

by pcmpiDg. however, is not affected mu.eh by irregUlarities in ~dro­

geologie bo1llldartes nor by variabili t:r of ~aulic properties. '!he 

regional lowering is controlled largely' by the average hydraulic proper-

ties of the Snake River basalt within the large areas of in:f'luence of 

pumping and by the general shape and extent of the bo'tllldar1es. 

The order of magnitude of the regional af:f'e~ts of pumping can be 

determined by treatillg the hydrogeologic boundaries as straight-line 

demarcations and makillg studies of a hypothetical hydraulic s;ystem that 

satisfies the hydrogeologic condi tiona of the aquifer. The resm ts of 

a.quifer tests and specific-capacity data can be used to estimate the 

average l:qdraulic properties of the aquifer. 

Studies in the Snake River Plain show that the effectts of hydro-

geologie boundaries on the response of the aquifer to pumping from wells 

can be simalated by mathematical a.naJ.ysis of a h.ypot.b.eti~ hydraulic 
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to the well the a.mc~t of water pumped.. The d.imenaions of the (Sone of 

influ.ence depend. v..pon the h..vd.raulio properties cf the; aquifer', the location 



Y'ear by 1975; in the Mud Lake basin, about 400,000 acre-feet per year by 

1975; and in the Tabe~West :Bonneville County area, about 240,000 acre-

feet per year by 1975. 

Table lB.-Estimated p'llmpSge of ground water for irrigation on 

Snake BiTer Plain, 1955 

Mud Lake :Basin 

Southern Minidoka. County 

Taber-W. :Bonneville County area 

Aberde~Spr1ngf1eld tract 

Eastern Jeraae CountY' 

Gooding and Western Jerome Counties 

:Big Lost River Valley 

L1t~le Lost Biver Valley 

National Reactor !esting Station 

Total 

Water pumped 
(acre-feet 
per lear) 

270,000 

160,000 

BO,OOO 

60,000 

28,000 

9,500 

14,000 

11,000 

2,900 

In the Mud. Lake :Basin gro'lllld-vater withdrawals are chiefly from a 

perched watel'-bearing zone at sllallow depth and. from artesian vells. In 

the :Big Lost and Little Lost Biver valleys, P'lllDping is from an unconfined 

water body where the depth to the water table raIlges from 3 to 100 ft 

beloy the land surface. P1lmp1:ng in these areas is f~om pound-water 

bodies that are tributary to the plain, and inoreased pllmpS€e of the 

tributa.17 water will reduce underflow to the plain. 
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of the increase occu.rred aiter 1950. Mvsri; P'UIl1:p;.ng Qf gr'o'Utld water has 



SO'lll"reeso The Stat10n g theraf'ore, is dt<:Jated. fa.v~:rably tor a. large and 

pemanent water supplyo The available Stlpp17p h~crve~er~ is not limitless i 

owing to geologie :f'aretors that reontrol the movement and acseessibili ty of 

the water, and to phySi~al9 eeollCimic i and competitive facstors that deter-

mine the feasibiIi t7 of water recove17 e !he e~cnomic faCltors are DOt 

discussed in this report. 

The perennial ground-water yield cf the Snake River Plain i computed 

from water records for the natural-discharge area between Milner and 

l!liss~ is at least 4 million acre-feet a Y'ear.. The average continuous 

discharge of the springs is more than 5,000 crfs and may be as much as 

50500 dso This represents all or mest of the gronnd..:.water yield from 

the plain to the east 0 All ground-water dtWel.~ments on the plain will 

tap the stlpply i and each development will have low and regional effects 

on water levelso There:fiOre g the followi:ng fa.©'tors will now be considered: 

local and regional ef:fe~ts of ground-water development en the ~S. 

Competitive Demand for ~ 

Several large developments of gro'Wld water tor irrigation are in 

progress on the Snake River Plain i and other large develcpments are 

expectedo !he water disClharged from springs in the Snake River v~q is 

derived from the same regioDal bodY' of ground water that sUpplies these .. 
developments. The ground-water withdrava.ls ultimately vill lower vater 

levels at the NI/.TSg and. withdrawals on the Station will af'teClt water 
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Underflow from Little Lest RiveT Va11~ 
Underfle:.;·t'1 :from BirCih O:t"eek Vallay 
Und.er.f'low from Mu.cl Lake Ba.~l,ll 
Seepage los:s f:t"©lI'l Big Los'\:, River 

85 
l~'}O 

100 
25 

615000 
lOO~OOO 

71;000 
lSsOOO 

350 . 250 ~. 000 
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Their estimates we:re ba.sed largely OIl et:r>eamflow lr.,sses and they did not 

POTENTIA!. GROUlID=WAIER Dl!V!!LOPMENT AND ITS XFFECTS 

southWElstWBl"d and westward to the valley ot the Snake Rl~er between 
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compensate for the deltla."e&sed h.1'd...""auli~ gt'adient in that seetion. :Based 

tnat the wells tested penetrate only p~ of the Snake Eivar basalt9 the 

estimated. average coeffieient of transmissibility is 2xl06 gpd/ft in the 

part of the section east of the STR area and. 4xl06 gpd/ft in the western 

part. Values of I and L for the two parts of the se~tion were sealed from. 

plate 2. The ilSOmputed under£low through. the eastern and. western sections 

is 601xl07 and. 1.6xl08 gpd respect1vely". The estimated total underflow 

beneath the ~S at the latitude of the STR area g therefore, is 202%108 

gpd. or about 350 d s . 

The sources of the water moving through the section of the aquifer 

'tlllder discussion are (1) underflow from the Little Lost River Valley, (2) 

'tlllderflow from the :Bircll Creek Valley 9 (3) underflow from the Mud Lake 

:Basin, (4) and seepage loss :from the :Big Lost River. The average rate of 

seepage loss from the :Big Lost :RiTer north of the 4480 vater-table conr-

tOUl"i estimated from the stream:f'low data in appendix 29 is about 25 ds 

(18,000 ao-:fthrr) G Underl'low contrib ... :tions from the Little Lost River 

Valley 9 :Bircll Creek Vall 131' 9 and the Mad. Lake :Basin were ccmpa.ted by the 

modified Darq equation t using estimated values of T and :flow lines d.:ra.w 

to delimit the seCltions of the aquifer through which the in~rements of 

ttnderflow are movillg. Following are the reStIlts of the Clomputations: 
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VOLUME OF 'U"li"DEPJ'LOW THROUGH THE lmTS 

f'ollowi:cg modified fom of the Da.I"©y equation (see Xnowles~ 1955): 

in whicm ~ is the discl:iarge in gallons per ~, T is the ~1Oef'ficd,ent o:t 

transmissibili ty in ga.11on6 per d.a:y pel" foote I is the b1'dra:aliel gradient 

in feet pel" mile, and L is the width in miles of the Gross seGtion th:r'ough 

:whicll. disclla.rge occurs. 

The rate of' und.er.f'low through the Snake :River basalt within the NRI!S 

at the latitude of the STR area.o between the 4480-;. and 449Cl-foot wa.ige~ 

table contours (see plate 2), has been e1.omputed. The transmissibility of 

the aquifer is variable within this se~t1on. The wa.te~table C'Jontour nu:tp 

(see plate 2) indiGates that the average transmissibility in the se~t1on 

of' the aquifer east of the STB area is mucll less than that to the west. 

:Based on a study of limiting flow lines, the vat-er mort:cg through the 

section of the aquifer west of the STR area is fer the most part 'tlIId.erflow 

from the Little Lost Ri'trer Valley. A part of the under:t1.ov from the 

Little Lost mVer Valley, und.er.flow from :Bircll Oreek Valley, and. underflow 

from the Mud. ~ basin is mo'rl:Dg through the &e~tion of the aqui.fer east-

of the STli areao Under.flow from :Bircll Creek Valley and the Mud. Lake basin 

is JI!ll.oh gea.ter than that from the Li tUe Lost :Ri'l]'8r Valley. !!heratore~ 

the vol'Wlle of. 'l.mderflcw east of the S'n!. area is mucll. greater than that 

west of the STB. area.. Howeirer 9 the byd.%'a:ulic gradient of the water ta.ble 

west of the ST:R area is lIIllcll greater than that east of the STB. area. The 

greater width of the erose se~tion ea.st of the STB area dOles not fully 
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however~ that the low~ water ta.ble in the west: is! caused by some other 

factor 9 such as an area 'Of high. pemeabili ty in the southwest ~ which 

would tend to bleed water off and. c.lrea~~ a. gt>adiant in that direction. 

Ground. water that flows southeastward into the NmS from the Li ttlle 

Lost River Valley seems ttl have only local ef£elClts on the direc.ltion of 

movement thro~ the Station. 

In B'IllIIDla.t7, waiter enters the NmS from the north, northeast and 

northwest and. moves southward to southwestward through the Station. The 

direction of movement beneath a given point or spec1:f1ed. area, however, 

probably d.:1:tfers appreciably from the directions indiClated by the map. 

Most planning maps for constrtlGtion areas on the WTS include a 

directional lIlroseoo showing true and II:ISgll6tic north9 prevailing wind. 

direction9 direction of surface drainage, and direetion of ground-water 

'Illlderf~o The direction of underflow shoul.d be prominent17 labelled as 

a rough approximation. 

Regional Movement 

Ground-water in the Snake Mvel" Plain moves generally southwestward 

toward the famous springs along the valley of the Snake River between 

Milner and. niss. The hy'dra:oJ.ic gradients are variabl:.e but general~ 

they are on the order of 5 to 10 ft/m1~ PrMtieally nothing is known 

about the ~log of the vast. un:1:nhabi ted c.lentral lava plain between 

the ltRTS and. the belt of irrigated land. on the west, adjacent to the 

spr1~soharge area. Most of the water from the northeast moves through ,. 

the 1minbabited plain on its ~ to the d1s~ge area. 



iii. the :ferm and posi ticn of the water table. 

West of' Oirc-.ua.r ::Buttes. undsrl'low from the Mud Lake basin 18 Bouth­

ward. into the plain wf./st- of thel lIRTS. Thiii water alsc _erB .Quth\f'&s~ 

north. .A. heaVier 1n:f'1-a :from Mad Lake would tend to build up the vater 

table in the east and create a gradient toward the Station. This GaUBe 

is at least partly responsible fer the observed. phenomena. (2).A. non­

permeable baH'ier south of th6 Mud Laks basin woUld te:l.d to impound 
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Cooling cl'a.()ks tand. to be normal to the ©ooling s'1lrl"~es of a lava. 

qui te random in orian't.ation. The longi tud!naJ. ©r8Wasses in border rolls 

are parallel to the front of the flow!! and. the ~ra.ns7s%'se frMltures en 

the border roll are about normal to the :tront 0 

consi st of successi va layers haVing illf ering d.ira~tional permeabili ties-.. 

In proj edion onto a plane these dire~tions would form a. random pa.ttern 

of interwoven l1neso 

Ma.ny' of the late la.?'a. flows e:r"1~t6d frcm a line of vcl:c;a.nic vents 

along the axis of the Snake River Plain~ and. some floys spread northvard 

a.:nd southward (see pari 2, po 77'-78) 0 If this was true alao of the deeper 

lava flows in the ~one of saturation, and if the dire~t1on of greates~ 

per.meabi1it7 has some srstematic general relation to the direction of 

flow 9 then the average d.1rs©tion of greatest permeability beneath the 

NRrS may 'bewestwa...""d. or 3cuthwes'tiwarde Ve~t·tlna1 "ITa%'iation may account 

for some pecularl ties of the configuration of the water table beneath 

the E'RTS. 

In ~~ for mathematical treatment and des~ptions of condi-

tions!! ideali~ed assumptions are necessarr be~use~ without them!! no 

desaiption of the behavitlr of water or an aquifer could be derived at 

all. The results must be weighed against observ;ed :f'~ts and modified on 

the basis of experience and j1ldgment. Similar17. observed data must be 

interpreted and used with understanding of their nature and 11m tations, 

and the distinction between precision and accuracy must be recognized. 



map, therefore, is a. b'at·her eTUde gene'l:'a1:t~s'('i()n. It c:o:r'reotly represents 

For these reasons, the Wl"".te:r' prafer's ~:,e t::~::nk eif U!J,de:r1"low as being 

along the path of lea.st l'esi stancE: a pat.h '\';hich seldom can be deter-

meabili ty and deviates from the appat'ent di:rect\ on <::f maximum gra.(Uent 

shown on a map. 

For example, lava tubes, \1ll€t;her large cr' '7'ery "uwiU; ~·.end to extend 

roughly pa.!"allel to the d:trec:tion of flevl of the la7a. Highly fluid thin 

flows of lava develop a. lineation of small t~~0~ ar~ p~res in the direc-
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of movement cannot be calculated accurately for a:rry specific locality 

because of the heterogeneity of the aquifer and other quantitative 

unknowns. A general or average velocity might be detel"lllined by identifi-

cation and direct measurement through test holes of a thread of water at 

successive pointso The water follows tortuous paths through the basalt, 

however~ and its speed along those paths can not be measured. The 

apparent speed would be net veloci ty of cilaIIge of plOd tion in a straight-

line direction between the points. 

Direction of Movement 

Ord.inar:Uy it is assumed that the movement (underf'l<ow) of ground. 

water is in the direction of the ma::d.IIl'IlIIl grade of the water table, at; 

right angles to the water-table contours. This assumption is corr.ecu for 

the idealized conditions which mu.st be assumed in mathematical treatments 

- a frictionless fluid in an isotropio aquifer.. :But natural aqa.1fers 

are not perfectJ.7 homogeneous, and the SDake 111ver 'basalt is conspiCOl-

ously heterogeneous in its physical properties 0 For e:tample9 great 

directional differences in permeability and porosity are obViOUS from 

inspeClt1on. For practioal purposeS', a compromise must be reached. between 

idealized and actual oonditions. 

Where ground-water moves through successive rock zones which diff'er 

in their permeabili tY9 the now lines are refracted in a we.;{ analogous to 

the refraction of light l"a\Y'S as they pass through media having diff"er1:ng 

optical d.ensi tieL Precise wate~ta.ble contours' would bend wherever the 

flow lines bend, but the real pattern is so complex and localized that it. 

eludes detection in a coarse grid of observation points. The details, 



The velo~ity of movement t.nre,ugh massive basalt obviously- is small to 

fom distribution of' porosity~ the follonng ~8 of velocities is 1nd.1-

oated.: 

Transmissibility Porosity Velocity 
'tmd.lftl ~:E~tl (ftlda.Yl 

2,000,000 1 26 

do 2 13 

do 3~5 7.4 

do :; :; 

5,000,000 2 32 

do 3·5 18 

do 5 13 

On the other hand, ve know that the porosity af the aquifer is not 

"I1ll1f'Ol'2ll, some zones being extrem.61y permea.ble and others haTing little or 

no permeab1l:it)r. Host of the movement is through the highly permeable 

sones, ~ere the velocities greatly exoeed. those in other zones. Bo 

trial computations have been macie. using average transmissibility 'falues. 

and estimates of the thicll:nes& and porosity of highly permeable Bones. 

!hese computations indicate velocities ranging Up to 300 ft/aay. 

From place to place and from l~er to layer~ the velocities evi-

dently va.I'j" from almost nil to several hundred. feet per ~. The speed 
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In the ease of water flowing through heterogeneous interflow sedi­

ments, the critical value of R prObably' is small g bu.t the velocit~ is so 

low that laminar flow can be ass1lIlled safelY'- In the basalts on the other 

hand, the paths of flow are complex and devious. The:range in absolute 

velocities through cracks, crevices, joints, and other voids must be ver" 

wide. PossiblY', turbulence occurs where the openiIlgs are small and the 

veloci t7 is high, but the veloc1 ties even there '1IJIq' be teo loy to ea:a.se 

turbulence. 

These generalizations lead to no definitive answers to practical 

problems 0 Natural ground vater mixes vith introd'tI.Ced solutions to some 

extent as a result of turbulence in the close vicinitY' of intake wells. 

Dispersion also causes some dilution. But so long as we lack quantitative 

information about the extent of dilution bY' mixing and dispersion. we 

must assume that ground-water nay is laminar and that no measurable ~ 

iDg occurs except bY' chemical diffusion. 

Rate .2! Movement 

No underflow velocities of ground water have been determined on the 

Snake River Plain, but experiments and. observations are in progress. 

Determinations o'l veloci tj" at specific loeations would be ver:y' valuable 

to establish a ra.nge of magnitude, but the values would not be general~ 

applicable to the entire NliTS. Theoretic calculations have been made, 

based on h1drologic observations and assumptions, and if these were 

checked empirically at a few locations, procedures might be developed for 

deriTillgcreasonably accurate estimates for other locations. ' 



wastes 'Will ()~Cl'tU' • 

.An index of the ten.de'!l~ of fltlw to 1:-s t1;;;r"r:1.11.f£{ot :ts the B.eynold.s 

number, which is defin.ed. by the equa:t~cc!;.e R = t'[, in w .. :I.r::h R is the 
"e' 

Rey.nolds number, L is &. typical d.imension (& tube ell.ameter, a depth elf' 

:1 ty of' the fluid. 

diameters of "pipestl>i and using wa.t·e:r ,.-e1©d ties ill T'anges up tc seve~al 

h'UIldred fee;t per d.a.y ~ the ~~mp· .... tsd R€YJlij,ldlS m"fll.'Dst'S E..'re ia: bel~w the 

threshold of turbulen~6. 
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from gravel aqaifers, and the nature and rate of movement also mq differ 

radi cally 0 There are bouud to be wide lro~al varia.tions in the speed of 

movement 0 Therefore, knowledge of the velo~ity past a point9 if' it could 

be determined, might have 1i ttle practical value.. No empirical. data are 

available about water movement in the basalt and o for the present 1 s~ 

ot the problem mnst be based largely on theoreti~ principles. 

Nature Q! Movement 

We have no direct information about the nature of groUl'ld.-water move-

ment because it cannot be observed directlyoThe movement usually is 

assumed to be laminar (streamlined). Darq-a s law~ the Thiem formula, the 

!heis nonequilibri'llll1 for.umla and others assume laminar floy. Under 

lam1nar-flov conditions velocit7 varies directly as the lOBS in head. 

The applica.bili t7 of Darc;r8 s law and its linear relationship at 

veloci t7 to head under condi tions of laminar flov has been disputed from 

time to time. Absolute proof of its applicability' is lacld n g 9 but circum-

stantial evidenCle sttpports it. The ob served responses o! aquifers and. 

hydraulic qstems to pumping and recllarge are qu:i te close to the responses 

calculated from the classic formulas. Therefore, the asst12Dptions on 

which the formulas are based must be substantially correct for ord1na.r7 

aqu1:f" ers under ordill8.l7 condi tions • Al though the Snake River basalt is 

not an ord.inar7 aqu1:f" er, its observed areal. responses to recharge and dis-

charge also conform reasonably closely to calculated responses. ~ 

weight of evidence now available favors belief that turbulent motion is 

rare, if" it occurs at all, except in the close vicini t7 of discllarging 

and recharging wells lt heavily flowing springs, and. perhaps in ground-

water casCladeso 



-underground. r1 'Vers t It vast "underground lakes. II :lZ.lysterious sources at 

water deep in the earth's interior. or gr>eat undergro'tmd tw:mela that 

somehow tAp the Great Lakes or the ice fields of the far north, as has 

. 'been postula.ted b7 1magina.ti ve lqaen.. !he pore apaces.: of or~' rocm 

8lId sediments are q:a.f.te adequate to store and transm1 t Te17' large CJ.'IW1t1-

ties of ground water, and precipitation on the basin 0:£ the Sulte ll1ver 

8.&s117 accounts for all water perenn1al17 discharged from the plain. 

Ground water moves constant17 from re~ge areas toward disQbarge 

areas. !he rate of movement general17 is sloy compared to that of 

smofaoe 1f8:ter. larll' e;z:periments (Sl1e.b.ter i 1905) on Long leland. lift' 

York and in the KohaTe, San Gabriel, and Rio Hondo River vall81'S in 

OalUor.cia indicated underflow velocities ttp to 96 ft per dq' in alluT1al 

aquifers. Studies in the South Platte Vallq near Ogallala, J'ebr. 

(Slichter and Wolff, 1906)~ showed velocities of &bout l~ ft per dq'. 

The conditions of the teats were not ful17 described so thq cannot be 

dttplieated b7 e.b.eek experiments. Later computations, based. on perme­

abil1 tl' and hydraulic gradients, have 'W1iformll' indicated JIl'UCh slower 

average 'lmderf'lov velocities in Bimilar aquifers. 11ft7 to 60 ft: per dq 

1s believed to be in the high range of velOcities of 'tInderf'low in allUTial 

aquifers under ordinar,r conditions. 

Ifhe mode and rate of movement of ground. water are 1mportant factors 

in several operational problems on the lmTS, espeoial1,. liquid-waste 

disposal. !he basalt aqui!'era of the Snake River Plain differ rad1eal17 
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305 pct in the basalt and 25 pet in the lesser volume of water-bearing 

sediments -- probably is at least 5 pct. If SOg the effective volume of 

stored water is about 5xlOS ac-ft9 or about 135 times the storage capacity 

of the surface reser7~irso 

All the water stored in effective pore space is ~ho1dover~ storage 

and is between 200 and 300 times the average amount of holdover storage 

in the surface reservoirs. If the plainswide average of precipitation is 

10 in .• its average yearly volume on the plain is about S,,3xl06 a.c-fto 

The water stored in effective pore space is equivalent to all the precip­

itation on the plain in 60 years. These estimates accent the size of the 

ground-water resource. 

Although the volume of stored water is enormous, the effective volume 

which it 'Would be practical to use is much smal1er o Most of the water is 

in dead storage g and to pump a large percentage of it 'Would entail heavy' 

drawdown, high pumping lift, and excessive costo That is, the lo:og-time 

average rate of withdrawal cannot exceed the long-term average rate of 

replenishment without lftminingl! holdover storage that would not be renewed. 

The unconsumed perennial yield of this aquifer is about 402xl06 a.c-fto 

Spread out in the zone of saturation east of King Hil19 this would occupy 

a thickness of only So4 it of the aquifer. 

These very crude estimates surely are substantially in error, but 

they are use:ful g as will be shown 1atero .AJ.so g they belie certain popu-

lar notionso For example, they illustrate that the tremendous ground-

water 1'ield of the Snake Biver Plain does not require the pt'esence of 
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The ~ouud""wate:r ~ese:M"o.i:r of iI,he Snake :Ri t'er Plain east of Xing 
~ 

that wate~bear1x!g rooks al"e present to depths of a.t least 15500 ft ~ 

the lmTS Slld. l~ 600 ft at Idaho Fallso The Il'.la..'X:1mum and awerage depths of 

the saturated zone are not; mow. be~a;tle~ neither the full depth nor the 

whole area has been e:x:plored.c Ne'll7erthe1ess g we Clan est1m.a.te the amount 

properties. 

material is lvOOO i"to The median small-p~re porosity of' the basalt :18 

about 13 pc:;t (see pc 56) 0 The estimated e:f'f"e~tive formational porosity 

of' the basalt f:rom open f'~tU':"es and othel' megase::epi:t'l void.s is about 

305 pet (see po 61). Interflow sediments and. sediments intertonga.ed with 

the basalt aro'Wld the plain probably aVElrage abc'l:.t 25 pet in porosity. 

Their volume is less than that of the basa.1.'\;p but t,hey raise the overall 

a.verage porosity some'Whato ~here!cr6, it seems likely that th~ plains-

wide a.verage porod 'by of vater-bearing material is about 20 peto 

On that basiEs the lQ..million ~e area. east of Xing Hill contains 

1010 8b->f't of' saturated. material in whicll the total vater content is. 

2xl09 ao-f'to This is roughly a thousand times the eombined stor~e 

CB.p8.Cli ty of all the surf 006 reservoirs on ".Jhe Snake River above King Rilla 

Only a. part of the total volume of water is in effective pore spMeo 

Most of it is in eapillazy pores and closed voids from which it would not 

d.ra.1n by gra.n ty • The plainswide ave:rage eff 60;";;1 7e pore spa~e - assun:dng 
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The estimate a~tually is conse~atively low d~9pite in~reased co~ 

sumptive use of water in the.Mud Lake basin ain~e 19270 The estimates 

for contributions :from the Cen~~a1 .and. l3ea"lfeJ!'haad. d..-a.inage Yl91'e based 

on surfa.(Js d:is©~ge ot st:;:>eams and loas ~f water 1;0 ~e g%'t.mnd in the 

streams 0 Ground-water mlderllow from the lIlO'lmtains and. valleys that 

never appears at the su:r:f'a.©e was not ineluded.o The ~iOtal 'llllGcnsumed 

'lItlderf'low through the Mud Lake basin '1ll.aY be two or mC:f'e times the 

amo'1lllt estima:ted'o lione of the water is direet17 available to the lmrS. 

llevertheless~ the basin is a major f~tiOlr in the regloDal byd..ro1og 

because through it moves a. large inc;rement of water to the plain in and 

near the NliTSo This :f'8.IClt would bear materially on the water-supply' 

problem at the station if a very large s'llpply were developed in the 

future. The area of influence of large fields of heavily pumped wells 

might extend far beY'Ond. the bo'lllldaries of the Sta.tion9 and the wells then 

would draw in water from the adjacent areao 

Mud Lake and associated small lakes, ponds, and sloughs are fed by 

effluent groUlld water~ The hydrclcgr o£ the basin is ex~reme17 comple~ 

for it oontains extensive btldies 'Of per~ed ground water9 copiously F~ 

ductive artesian aquifers in some areas9 and a main zone of 'llllconf1ned 

ground. watar. Allor most of the g%'0'I.l.:1d. water that is not Clonsumed in 

the basin :1 s di scllarged southward and south'tfe styard 9 becoming a part of 

the :main body of water in ~e 'basalt 'beneath the Snake River Plain. 



valley and 57 s 300 ao=!<§; fr'oIl'l. 3irr;,..'>s. Cl"~E<~ "tallo;;y 0 Ls:te:t' e~1;'ilIa:t;es a:?~ 

given in iihe se©'tilC.i!l ~:f 1t),i~ :i::'~~:r'~ t~,":J..e:i ('JY::'lum8 'C'f 'tl.'ad.@~low ir.il.:'ougb. 

The Mud Lake ba&in~ 'I':hicli li e.§ I?a~t an.d. !l.~::t;heas~, e,f the f4orth~ 

part of t;h~ IffirrS. reC!6~"l;e~ lar"ge C!a:t1t:f';;:"tl\l~;~C~ c:f gz"O'llnd .. -a~~7.' by Ulli£l..,~ 

flow fram the val1~y~ and mo't:tl.1ts.ins t,¢ ~h.~ !i.~':r'f];c9 Chl,l:;fly the, OQ:l:tmu:dal 

and :Beave:r'h~ Mc:uz~;s;,~ns 0 S1J.tia,~6 c-"';'a~,IIag6 :',,:1J.~,~ ~h~ Mud. Lake bas.in is 

very small~ and.:o.,v; wate!.' lea.;;'eiB ':,1:Li;?, ::as1.:r:. as s'.l.!'!'aQ:e ~.;;ll.t'ri':f 0 Stearn~ and. 

Oth6:'s (193ES r po 2}t) esH.lta:;;ei tha't -::he °.:uld<!!I:rflcw c;oll+;:r'ibu.ticna tc the 

plain :from :BeaveI' and Oamas Creeks abij'¥~ D!tcQis d.\ ... 't"~,:ng 192~-24 aver-aged 

about 1099000 a~r&-oi'e;et annl.'la.lly9 ani i;ha,'~ from Me6.ic:::'ne Lodge Cr-eek va! 

about 49~500 8.Cl-ft. M~h of the gl'011!id wat:6l" is used. fe:r irrigation in 

the Mud Lake oa.E:in. 9 bu.t· t,he UllC'::n.'-;:(;llll&i :r-!E<s;icl:..::al E:?"::il:!:'.l."i~'Wa:te:t" recl'l.arge 

pI'Obably 1 e. on, the o:::oc1e.:r o:f 75 9 ~Oj a.c<->i -1;, ~ 1.7.! .. .:i.e:. ~ic:r.~ a la:gf!, i,nc;X'l!Illsnt 

to the basin is belie~sd. to os cc:o:t,:r~;b'Q:~~5. 'by 't:!IlG.$:t:'flQW 1 :r'~m Egin :Be:I'ldl~ 

an irrigated area ea.st of the basi:llo SteaI"%lS and cilhers eatimated that 

that contribution in 192~27 a~rsged not less than l40~ooo ac-ft y~1y. 

AJ.l the estimates were crud~ and a'f'6 ou.~d.a.t,ei be~se of ~Ubs$qU$llt 

dev'elopmen tal use of add! tlonal ~a-\:Uld water D b~t the>y Elbow t.ha:~ ~he Mlld. 

Lake basin is all, imp":r':"aIlt; hydrdcgl:; {:):a'Jj)f.:r~e.n-:: cf the SuaJts River Plai,llo 



from adjacent intermontane valleys and highlands and from adjacent parts 

of the plaino Areas that contrl'b':,lte tributary Ullder!low include the 

eastern slope of the Big Lost River Bange, the Lemhi Range g the Eeaver-

head Mountains, the Oentennial Bange south of the Salmon River and 

OontinentaJ. DiVide g intervening valleys, and the Mud. Lake basin. 

Underflow from Nearby Valleys 

The Big Lost River VaJ.ley above Arco is one source of recharge to 

the Snake River Plain. Water discharged bY' Ullderflow along the channel 

of the river g as well as deep percolation losses from irrigation, joins 

a local body of ground. water in the valley and moves by UIlder:flow into 

the plain. The water passes south of the NRTS without contributing 

directly to wells on the Station, but it helps to maintain storage in 

the regional ground-water ra-servciro Stea:rns and others (19313, p. 245) 

estimated that the average contribution of ground-water underflow from 

the Big Lost River Valla,. to the plain dU'r'ing the period 1920-27 was. 

226 9 000 a.c-ft yearly. The estima'wewas based largely on streamflow 

depletion and estimates of evapotranspiration. Very like17 the actual 

contribution is nearer 300,000 ac-ft. 

Underflow from the valleys of the Li tile Lost River and Eir~ Oreek 

directly replenishes the gro'Ulld water 'beneath the NETS. Ground water 

from the valley of Little Lost River enters the Station beneath the 

central part of its northwest boundary9 and underflow from Eirch Oreek 

enters from the north. Stea....~ and others (19313 9 po 232, ~3) estimated. , 
that the average annual contributions of ground water to the Snake River 
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The above estimates were den. ved. bY' over-simplified. methods and they 

are indicative only. TheY' JnEq be revised when longer reoords of stream-
~ 

flow are avai;able and when other pertinent data are obtained. Most of 

the river water reaches the zone of saturation in parts of the E'RfS where 

it cannot be reoovered direotlY' bY' existiDg wells. Nevertheless, the 

water helps to maintain regional g%'O'lm.d-water storage and is, in effect, 

a contribution to the N!!S supply. 

Ephemeral Drai~ and Pl~ 

Small pl~s and undrained depressions are scattered widelY' over the 

J!!S and most of these contain ponded water after occasional periods of 

nash ranoff. Records of measurements in three playas along the ::Big Lost 

Biver channel show the general magnit'tlde of rates of infiltration in the 

plqas (see p. 30-35). The data are important mainlY' because they ahow 

that ini'il tration does oocur in the pl~ despi te the lov permeabili V 

of the sediments. .The observed infiltration occurred during transient 

conditions that Will recur onJ..y rarel'1t so no special computation was 

made of recharge in plqa areas. The small average amount of 7ear11' 

recharge from the playas vas included automatically in the previous 

estimates of average direct infiltration of precipitation. 

Recharge Ez. Underf'low 

Recharge by underflow is by far the larger source of ground-water 

replenishment in the vicinitY' of the NRTS and perhaps in the whole Snake 

Biver Plain. Ground 'llater beneath the NES is replenished bY' underflow 



or was dissipated by evapotranspiration between station 1 and Big Lost 

River pl~a 30 Some transpiration ocourred in the pl~a a.t'eas and. in a 

faw places along the ri"J'er channel wn<a!'a slOil and gra-wel retain suffi­

cient soil moisture to support sparse growths of willowg wildrose 9 and 

cottonwood0 But most of the evapotranspiration loss was by evaporation. 

Evaporation from ~he river and transpiration along its borders in the ~ 

mile reacl1 in the NI!.TS is ass-amed. to have averaged 0 .. 1 ft/da:1'. !rhe aJ:'ea 

of the evapotranspiration belt is about 200 a.e& !rhe estimated evapotrans­

piration loss was about 20 ao-ft!day9 or slightly more than 8~500 ~ft 

during the 426-day' period. The residual dis~ge of the river during 

that period - about 128,000 ao-ft (39 billion gallons) - presumably 

became ground-water recharge. 

The mean discharge of the river past station 1 during the 9-year 

period of record (see table 1) was about 58 Gis (see p. 14). None of the 

water escaped from the NRTS by surface runoff. !rhe ehalmel at station 1 

is in basalt and u.:ngaged underflow past the Station probably is negli­

gible. Ordinarily 9 the river does not extend mucll beyond the old d.iv~ 

sion dam in se~o 69 T. 2 N. 9 R. 9 E. Evapotranspiration loss in the 

reach of a ff!JW miles below the Station is probably about 3~500 ao-ft/yr. 

The estimated average yearly contribution of the Big Lost River to 

ground-water recilarge below stati~n 1 during the period 1947-55 was about 

429000 ac-ft, and the a.verage daily contribution was about 115 ao-ft -

substantially more than the total amount of water for which. the Oommission 

had filed application for vater rightso 



'fhere basalt is expossd {:tlei soH @o'WerJD wat1er from heavy t'ain and. 

snowmel t enters the glXI'Wld ra.pid.1~ D and. the pt'aporticn r'ea.~hing the lOOne 

of satU'm~ion is higher than in B@il=©@TeraO. area.lif>., D6pe:a.d.ing ~ the 

seasonal distribution and storm-intensity of p~ecipitation9 and on the 

snow ~over and its melting :rates ~ound-vater re~ge on the Station ~ 

range from nil in some years to an i~h or more in ~tb.er years 0 A.ssumitlg 

an average of 0025 :1110 yearly 9 the vol:uma of diI"el:3t r6~ge on the 

entire station (about 449000 00) ie about 900 a~ ft g equ:lvalent to a con­

tinuous flow e;:f 1025 ~s" This is about equal to the est1ma:ted CJonsumptive 

use by NRTS fMlli ties in 1955 and abou.'t 30 p©t of 6letimated. gI'OSS pumpage 

in that year 0 

:ae~g! from Surf a~e Drainag!!!a:lSl 

:Big Lost Ri"f'e:r.' 

Upstream runoff in the Big Lost River :ls stored. in Ma.c~ Reservoir 

and. is dive:r'ted. above .Ax~o for il?I"1gat'~,on. E:x:~ess runoff whic:.h spills 

over the dam is sag:mentF.lQ. by return flc;"W :t:t?~m i:t'x."iga:t;ed. a:f'eas below the 

reservoir and is disclJ.argecl onto the plain. Some of this water evapor'ates& 

but a large pereentage sinks into the river 'bed. and beC$omes ground-vat-erc 

The river loses water in its entir>e ClOUT'Se a.aoss the plain below the 

irrigated area and. eventuallr diilappearso 

The gage record at station 1 (table l~ appenclix 2) shows that fr'Olm 

A.ugust 19 1951 to Ssptem.'be:" 30e 19529 a period of e~e:pt:ioIlBl.ly high 

runoff (see figt:L!"s 2)v the rl~6I' d.isci1a'l'?gea. al:;(;ut 136v960 aCl=ft (4402 

billion gallons) of wa~eI' past the Station. The river channel is perme­

able throughout the NRTS s and. all the wa:r,er al.tha!' sank into the g.r'~'tmd 
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durillg spring thaw periods when melting snow supplies water to the ground 

rapidl~ and in excess of the soil-moisture requirement, and during 

occ&aioDBl torrential s~er rains ~t produce exoes8 water. 

!rb.e graTel deposits in the ~S conta1n fine material in their 

matnx, but the tield moisture capaoit~ is relatiTe~ small and JDtq 'be 

emeeded at times b~ the SUPPl1 of water available. In graTel areas. as 

on ~e allUT1al tan ot :Birch OHek' and. the fioodpla:!.n of the :Big %.ost 

JiTer in the southern IRTS, deep peroolation oocurs when a relatiT~ 

large or sudden supp~ ot water from rain and melting snow is available. 

!he ab11i t7 ot the g:oavel to absorb and transmit water 11 well ahem b7 

sttl41es of the 1088 ot water b7 i:cfil tration in the oham1el of the :Bi, 

La.st BiTer. 

!he moisture oapaoit7 ot windblown Boil, lake and. plqa beds, aDd 

dune sand. ia high, becauae the porosU7 ot the.e materials raz::ces trom 

30 to 60 pot. A thick: lqer of :t1ne-graine4 sediments like that in the 

:Birch Creek plqa and J1JP area (up to 80 tt or more in thickne •• ) could 

absorb as ao11 moisture all precipitation that is available in that area. 

~otranapil'&tion probab~ ia about equal to precipitation and ve2:'7 

Ut1de vater 11 apt to percolate throtlCl1 the aediJaenta i.zl4 become ground 

water. !.ata ot sample. from bonngs in the :Birch Creek plqa ahOY that 

the 1I0iature oontent 1. ft2:'7 lew at depth. at 15 to 20 :tt. !he ni4ena. 

0'1 dedccation of the plqa sediment. ( ••• part 2) 11 cather indica'bion 

;bat the 1I0i._. I'CZppl.7 is DOt coqh to I&tilt,. the tield. oapaci'b7. 



The first Gallon water applied to the land~ vh~the:r' by pr>eei:p1 ta-

transpired by pla:c.tso Wa.ter pereclatee d.ownward. to the zone of sat'tlr&-

tion o~ where or when there is an ex~ese over the soll-moist'tl.%'a dE!lllalld.o 

Precipitation on the plain is lov and is rather well distributed ~ough 

the year 0 Where there is soil Clover on the basalt g most precipitation 

be~mes Boil moisture p and T6%7 little is left over for reoharge. 

The normal precipi tation. a."lera.g~d fetr the Sn..a.ke River Plain sa 8. 

whole. is about 10 in. a yea.ro Potential evapotranspiration is about 

25 in. t but the actual amount never equals the potential be~use not 

enough water is availsbleo On the ~the!' handp not all preeipi ta.tion is 

consumed. beeause tempora.r;y excesses of moistut'e CCCS'tlr. From studies 

made elsevhere p the wri tar believes that a.bout 0 0 75 in. of the precipi 'ba­

tion on the plain beoomes ground-water rech.arge year17. If so~ in the 

17fOoo sq mi (10~900tOOO ac) of the Snake R:1:0;,61" P:<3.in the total volume of 

recharge directly from precip1 tation woUl.d be a.bout 6Sl~ 000 ~ft annually. 

Ifhe assumed a.verage amount of re~ha.rge cwmot, of co'tlrse t be applied 

to specifics areas on a unit basis. On the NRTS. for example p precipita­

tion is 705 in. per year - barely enough to keep the naUTe vegetation 

alive. During warm months potential evapotranspiration far ex~eed.B precsip-

i tation p and rain in warm months probably doee not oause recharge in areas 

where there is soil ecvero Du..""ing winter months the ground. is frozen. 

Moisture transfer in and through frozen ground probably is a.lm~st entirely 

in the vapor phase p so the p:rlzwipal recllarging of ground. vater OCSCNrS 
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!he Snake River Plain is the gatherillg gro1md for water contributed 

b7 a drainage area more than four times the size of the plain. The con­

tributillg area includes most of the 35.S00 sq mi in the drainage basin 

ot the Snake River and its tributaries east of Xil:Ig Rill. 'l!he plain is 

about hal:t that area, the rest being mountains and tributa17 vallqa. 

Precipitation is the 'tIltimate sO'l2l"ce of all water in the basin 

(iporing the small amount of jUTwle vater t.bat m&7 rise from depth • .) 

Loy rates of precipitation preTaU throughout the basalt plain, but the 

rates in the surro'lmding area. especiall7 the mO'lmtaills. are much higher 

(Bee p. S). Considerab17 Ilore than hal! the Yater that 'Ill tilllate17 

reaches the plain originatea aa precipitation on adjoining h:ighlu4a. 

Some ground water beneath the plain is' derived. from direct infil" 

tration and deep percolation.of precipitation. Some is from :1n:f'11tration 

of s'Urface vater alollg the channels and in flooded areas of surface 

streams. Some is contributed. b7 underflow from vall81'S adjoining the 

plain. J.n4 some is acquired b7 maS8 peroolation from mountain areaa 

adjacent to the plain. On the ~S. recharge ooours direot17 from 

precipitation; b7 :intiltration from the :Big Lost River and from ephemeral 

and. intermittent drainagewa;rB and plqa basins; b7 'lmder.t'loy from the 

vall81'S of the :Big Lost and. Little Loat RiVers and :Birch Oreek; b7 'IfD4~ 

flow trom the north and northeaat; and. b7 percolatio~ from adj():ining 

foothills. The oontributions trom each so'tll"ce dit:ter videl7 in aDlOUI1't, 

but onl7 a general Q,uant1ta'bive evaluation oau be made at this time. 
) 
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sequenoe markedly affeoi1 their permea.b:ll:i,'t-"YB espe©ially in a direction 

perpendiOiJl.ar to the betiding planes (V'e:t't:t~al permeability). This is 
. 

illustrated by the two samples from T. 2 N. 9 Ro 29 Eo 9 s$':Bl1-p So ,1 

(see table 17a po 122). The: pemea.'bil1ty in a direotion parallel to 

the 'bedding (horizontal permea.bili ty) usually exoeeds the verti~ 

permeabili ty. Unfortuna,tely D these samples were disturbed. and the 

illustration is not speotacular. At infiltration test site number 4 

(T. 5 No g R. 31 E.g swta s. 9) a thin silt lens was observed at the d~~h 

of sampling c A sample (sample; 55!D.A.20) 10'1 the upper sand had a pame-

ab111 ty three times as great as a sample of the same sand wi th oontained 

sil t lens (sample 55IDA20a)" !he variations in verUfi.}al permeability 

are illustrated by tests of samples from sUG4Se~ISd..ve depths at several 

locations (figure 15). These variations in the permeability of various 

~rs in stratified sediments are a prinoipal obstacle to ~GUrate 

calcl'ulation of infiltration rates in the zone of aeI'ation. 
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The greatest permeability recorded exceeded 400 gpd per sq ft and 

the least was 0.005 gpd per sq ft. In general, the playa sediments have 

very low permeabili ties - 10 gpd per sq ft or less, and the loess is 

ollly slightly more permeable. The Terreton lake bed sediments have 

medium-range permeabili ties. Dune sands probably are the most permeable 

of all the fine-grained sediments. 

The apparent permeability of fine-grained samples that were dis­

t'tlrbed sampliD& are abnormally high because water moved mailll;y through. 

fractures rather than through. the natural pores. Some of the clq 

samples that were moist when collected dried and shrank before they were 

tested. The annul.ar space between the shrlmken sample and the enclosing 

c;,vlinders was an unnat'tlral avenue for ready movement of water. 
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. 
level in a ma.nClm~'ter ~onne©ted i/>.:: a sample> tbroug):'.1 w.b..icil water is per<-

the sample in c.'lent:tm~'t;e;rO$ a.'!:ld O~ is the d!mem.$~o!!.less ratio of the viS<'" 
,J, 

in whid:l k is in gallons peT day pe;r ",qs~a.t'~ ;t",·::t- tmd.s:r a h.,vd.rauli© 

gradient of rule toot per fClO~ a.t- 60~9 A ana. a at"~ in ~quare Clent1mete~s9 

~ is dimensionles~o 



Table 17.-Laboratory permeability of core samples of fine-grained sediments--Continued 
~ 

Loeation of Depth Field Laborator,y Description Coefficient 
source (ft below sample sample of of 

(township, range, land surface) number number material permeabili ty 
__ a.ll4 ~~~lon) 1/ (m~1:nzers) 

Remarks 

T. 3 N., B. 32 I. 

S:mtSEt, 6. 29 0.4 7V 53 I DA4 Soil mantle 120 Slightly disturbed 

!!. 2 N., li. 29 ll. 

SEtmlt. S. 1 13·0 lH 53IDAl Sil t. clayey 0.6 Horizontal sample; 
greatly dis-
turbed 

~. ~. 1 ·13.Q 2V 53IDA2 ~ilt, cllq8¥~. 0.4 Vertical sample; 
greatly dis-
turbed 

BWtswt. ~. 3 1.Q 55IDA22 Loess ?~ 17 

T. 2 N.. li. 30 E. 

NWtNWt. S. 15 0.11- 14v 53IDAS 30 

T. 2 N., B. 31 E. 

~3' s. 16 
0.4 13V 53IDA.7 45 Slightly disturbed 

SW ,s. 35 0.6 llV - 6 
swi • s. 35 0.5 l2V 53IDA6 34 

-;; 

11 Laboratory numbers were assigned to samples tested in the Hydrologic Laboratory, Lincoln, 
Nebraska. No laboratory numbers were assigned to samples tested at the temporary field 
laboratory. 



Ta.ble l7.-Laboratory permeabiH ty of core samples of fine-grained sediments--Continued 

Location of 
source 

(township, range, 
and section) 

T. 6 N., R. 3i E. 

S!i' S. 27 S NW , s. 27 
s , S. 27 
SEiNWt, S. 27 

SaNWi. S. 27 
SW , s. 34 
S swi. s. 9 
SE SW;f. s. 9 

NWi, S. 20 

T. 5 N., R. 30 ,1. 

SEtmnt, S • 2 

:i'NEt, S. 2 
SE NEt, S. 2 

, s. 3 

=:t: 
:{NEt: 

S. 3 
s. 3 
s. 3 
s. 3 

REiDt. s. 3 

=t: S. 3 
s. 3 

Depth 
(ft below· 

land surface) 

0.8 
2·3 
3·2 
4.1 

5.4 
2.0 
6.0 
6.0 

Surface 

0.4 
0·3 
1.0 
1.0 

1.6 
2.5 

~:~ 
~'- '. ,I ",.", 

·,ij.'5 

0.4 
0.4 

Field 
sample 
number 

22V 
23V 
24v 
25V 

26v 

35V 
36v 
37V 

3V 

4v 
5V 
6v 

20V 

2lV 

8V 
9V 

Coefficient Laboratory Description of 
sample of permea.bility 
number material (meinzer.lJ) 1J ...... . 

531DAll 
53IDAl5 
53 I DA12 
52IDAl3 

531DAl3 
55IDAl9 
55IDA20 
55IDA20a 

Clay, silty 
8il t. clayey 
Sand, silty 

55IDA23 Dune sand 

521DA9 
52IDA4 
52IDA5 
52 I DAl 

531M3 

.1. ....... 

53 I DA.5 

Sand, med. 
Silty, clS\Vey 

Sand, fine 
Silt 
Sand 

'Stmdiw/silt 
~er 

1a 
10 
12 

4 
1 

138 
54 

190 

0.03 
0.005 

420 
22 

17 
41 

120 
1 

9 

0.3 
52 

Remarks 
, 

Disturbed 
~: .... .1 

Disturbed 

Slightly disturbed 

.... 
l'l 
v.s 



{~ 

\ 
'. 

Table 17.--Laboratory permeability of core samples of fine-grained sediments 

Laboratory Ooefficient· Location of Depth Field sample Description of 
source (ft below sample number of permeability 

(township, range, land surface) number 11 material ._ (meinzer,,) 
and. section) . 

T. 6 N., R. 31 E. 

SWa' sw· • 

~l : 
SWia' aw 

• sw • 
WI 

it 

S. 13 
S. 13 
S. 13 
s. 13 

S. 24 
S. 24 
S. 27 
S. 27 

S. 27 
S. 27 
S. 27 
S. 27 

i
. S. 27 

N • S. 27 
NW • S. 27 
NW • s. 27 

NEtNWi. s. 27 
sEl-wi. S. 27 

~ 

0.6 
l.~ 
1.8 
3·0 

0.6 
O.~ 
1.0 
0.6 

0.6 
1.0 
1.4 
2.2 

3.1 
4.0 
4.6 
5.6 

6.7 
0.8 

11 See footnote at end of table 

381 
39V 
40v 

34V 
19V 

181 

l5V 
l6v 
2]1 
28V 

29V 
30V 
31V 
32V 

33V 
l7V 

52IDA6 
52ID.A.7 
52ID.A.B 
55IDAl8 

53IDAl6 
53IDAlO 
55IDA21 

52IDAl2 

52ID.A.3 
53IDAl4 

52IDAlO 
52IDA2 
52ID.A.ll 

53IDA9 

" " 

Ola;r, silty, 
Cla;r. ail ty 
Ola;r I silty 
Olay, silty 

Ola;r I sil ty 

Sand, silty 
Dune sand 
Sand, sil ty 

Olq. silty 
Olay, silty 

80 
22 
4 

10 

38 
3 

12 
220 

160 
180 

38 
0.5 

2 
12 
10 
O.lt 

32 
30 

Remarks 

Greatly disturbed 
Greatly disturbed 
Greatly disturbed 

Slightly disturbed 

Slightly disturbed 

~ 
N 



121 

seepage l~sses from the :Big Ltii:!t R:i'lfe;:r :t!! ~imilar sedi:m.en'\;)se AugSl' 

sall';Pling showed. that the wa.ter from the in.:fil :;;r'OIDEl't6r spread. laterally 

through a "Wid.e zone 0 The vel ume o!' the o:rudsJ.y heml sphs:t"i~a.l body of 

sediment whic;h was wetted. beneath infiltrome'ts:i:.' dte 49 for e~le9 was 

a:ppl"o:.d.mately 19000 ~ub1C'J f.eeto At the w~a.ted. PC1"Osltye it would. 

require most of the water that entered.. the gl"ound.. just to moisten the 

earth 9 leaving 11 ttde or none to per~clate d.ownward 'by g.r>avi ty. Mu.ch of 

the water was pulled. by ~p1llarl, ty away from the t]ol'OO1l1l of earth iIllmE!= 

diately under' the ~ylind.ero Not '\.miil the sedimen:ts 'W6l"e sat'U!"ated. 

would the obser";;"ed., in.:f'il t:"ation t"ate approacll the pemeabili tyo Most of' 

the tests war's operated for- abou.t a 'W'eek~ wiler'eas a test of moderatel;y 

fine material probably would have to be r..1n for several weeks to get a 

true infil t1"ation ra.te 0 III very fine---grained material an infil'tl"ometer 

test might require months~ 

Rela.tively undistttt"bed. samples ~f a wide range of the fine-gr'aine;i 

sediments from the NETS W9:!"a tes~ed.. in the la.boratory. The samples were 

taken with spe~ially const~ted coring equipment in 2-ineh diameter 

C'JYlinders. The ewlinders 'Wer'e ~ppedD sealed and. transpol"ted. to the 

laboratory where the samples we~ tested intact in the cylinders. The 

rest1l ts of the laboratory tests are summarized in table 170 Some of the 

samples were unavoidably disturbed d~~ing ooring and transportings and 

these are suitably no ted i.n. the ta.llle 0 
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Table 16 .-Infil tration rates through double-ring inf'il trometer 

Test Nature of material. 
Infiltration rate 

Rema.t'ks Location number ft/da¥ gpd/ftt! 
. --

T. 6 N. i R. 31 E. I 
Wi Sec. 13 1 Silty clay, calcareous p 100 7·5 Inside ring 

in Birch Oreek pl8¥a 3·2 24 Outs:lda :r1ng 
near .ANP si te 2.g 21 Both rings 

swi Secs 34 3 Silty clay. calcaraous p 
in Big Lost River log 13 Both l":lngs 
playa 3 (l;Ihort t:1.me) 

9.5 71 Both rings 
(long t1me) 

T. 5 N.. R. 31 lIl. 5 Fine sand. sllty~ and 
swi S~c. 9 4 silta clayey~ Terreton 

Lake beds 5.7 43 Both rings 

T., 4 N.. R. 30 E. ~ Fine to coarse gravel. 
swi Sec. 29 5 sandy. wi th some cal-

careous cement; Big 
Lost River alluvium in . borrow pit E. of STR 41 306 Both rings 

--~~~ 

~ 
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~elow the cylinde~a the bulb of w~t~ ~th during ea~ teat was 

mu.cll wider than the dia.metel" of the i:n:t 11 troIrl.sterc e Tea t ~ 0 4 vas made 

in the b~ttom of a b«l:tTOW pit 4 fEllet d.ElElF in the sz-tSWt Se~c 90 T.5 No\) 

Eo 31 lIl., The a~th materials prtrbably are Ten.oaton lake 'beds" consisting 

of very fine>-grained. silty sand which 1s denss~ oomp~ted and d.I7o !hese 

bed.s overlie basalt at a depth of about '506 feet belc,w the natUHl. land 

surfa~e. The natural moisture oon-tent of the so11 at 1nfll tntion test 

site 4 vas about 12 percent e d.epending on deptho The moisture C'lontent 

at the outside of the lower end of the ~ylini~r r~ee to lS percent r and. 

the lB-percent belt extended downward to a pc!n~ 305 teet below the 

ey11nder and laterally 4 feet from the cen~e%' line of the eylindero 

The results of several infiltration tests are summarized in table 

16. Test- num'ber 5 is included. to ~ompa.t'e 1n.f11tntion rates in gravel 

wi th those in finer sediments 0 The data 1nd.1e.at;e that the 1%lf1l trat10n 

rates womd be eXClleedingly loy in the f1ne-~a.ined materiale that ~O'V'e:t" 

I1'tlCh of the northern one-thi:r'd Cif the Station, 'but the;y would. be r61er 

tively high in the :Big Lost RiveI' alluns.l gravels in the ~entral and. 

southern part af the Stat1e:c.o The d.'tm6 sands that mantle much of the 

northern one-third of the Station would have moderate i%lfll tration 

ra.tes. No 1nf'il trometer test s were ms.d.e in the medi UIrFgrained sed.1ments 

of the central part of the Stat10n p but laboratcr.1 per.meabilit,r testa 

indiC'late that the 1n:til tration ra.tes woULd be on the order of 25 to 50 

ft per dayo 

These results are not pOEitive indications of infiltration rates 

that ~ be sxp60lted in seepage pend.s for waste disposal. In all cases 

the rates are h.igher than those compU";ed frcm measwcement af natural 
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below the land surlace~ The rings ~e<;;>eJ:red. water fr~m a two-tank trailer; 

float valves maintained. ::he wai:8:=' in I;:>Gbb. C!'j'Unders at constant levels .. 

The flow of water was calculated from the re~©rd ~ts of water-level 

recorders in each tank. The h~ad. of wa:2et' in i;,he C7Unders was slightly 

less than 5 ft. Oovers over the ~ank trailer and ~he e.11inders reduced 

evaporation .. 

Vertical flow through 1nhomoganroous sediments is divergent v but -the 

basic theory applicable to infiltrometer teats requires that downward 

flow into and thro1J8h the sediments be nondivergent. Where a sub surf Me 

horizon is less permeable than the horizon in or direetly beneath the 

infiltration cyli:nd.ars~ £1.ow will be divergent. Many investigators have 

believed that divergent-flow effects can be minimized 1f the inf'il tration 

~lindar is s'Ul"roUIlded by a larger guard cylinder, thus the term double- -

ring inf'il trometer 0 The :1:0:£'11 tration rate from the inner cylinder sup-

posedly is a. truer rata than that from the outer cylinder~ Other inves-

tigators have found no significant difference 'between 1nfil tration rates 

obtained with the siIlg1~:r1.ng infil tromete:r and doUble---rlng infil trometers. 

However, these investigators usually carried on their tests in uniform 

soUs where there was small cha.Il.ce tor di'lJ'argent :nowo As the question is 

controversial 9 the doUble-riIlg infiltrometer was used in the belief' that 

the guard ring at lea.st does not dis'lml"b a. testo The :results show that 

the guard ring does have an e!fe~t9 b'a.t which infiltration rate to accept 

(inner or outer) remains contr'oversialo 

We tested. a moderate range of sediment types at wide- intervals on a 
". 

north-south line through the northern NliTS. Determinations of the 

moisture content were made of soil samples f~m each infiltrometer site 

to show the soil-moisture distribution be:f'Qre and at the end of the test. 
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All. the fi:ue=gl"ai.n,ed SeCd,l!IiSn t:l:' Sl"e p~ t;~n.t;ia.11y u,seful n ill 'Il"a.'rying 

degrees~ as media. for the dispc'sa.l of ::~q'j:td waS'be an,a., for the burial of 

solid wa,s'te. Thei!" chief nat;'Il:'al hyd.:r<"lc;g~{; :fU!l.ction~ however s is to 

store soi.l moist'lll"6 9 mDst of 'Which is tl"anspi,rea. and evaporated. 

Whereas the Goarse-grained sediment;s we:t'e favorable fo%" ready infil­

tration and perCl~,laticn of "lai:.er D the fine.=g:-ained s\S.diment~ are mum less 

favorable.. Wnere ~n.ly fille-grained materials ar-e p:r6s6XLt s special prc'b,­

leme arise in liqu1d-wasie disp·:"!sal 8 drainage cf I"!}ad sabgrades n mud 

contrcl v sta.bility of materials 'tUld~r str'llcf?UT'al loa.dS's and. ot,her i'M'i;,orSe 

The rates of infi It:ra~ :::on in the playa.s 'wer'e swmna:r:hed en page~ 30-~ 

350 They ind.i:::;a~.'e only the general !Jr'de:r c:f magrd ~ude of :rates that 

might be exps;;l'\;ed ~,n artUicdal infil t:l:ation pcnda in those areas i! th.e 

disposed liquid did no;; cilemic:ally a1:ter thE' fine-=groained clayey sed.i= 

menta and redwe thei,r permeability 0 

field by means of' inti! 't;:r"""m~t;>8r-s. The pe:no.ea.1;;:t.l:1.t;y of ~hi!lst> sediments 

was tested in a tempora..""Y field labora.tory an.d in the b..ydrclogic la.bo~ 

atoI'Y'. The tests will be dl!a~I'ibed briefly with a tabulation of the 

resul ta. 

Several field :!.r.f:tlt:ration t6ScS "re't'e lD.M.:,;: in 1955 "i:! tb double-rlIl€ 

infil trometers 0 The appara:h.ls wa.s a o.,.,i.n. sf.eel cyl indel'? c<~nte!"ed in a.n 

lS-in~,h c;ylinder D beth 5-ft lunge !t was ln8~al1ed with its bf..'ttom 4. it 
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The maximum permeability observed during a test (saturation perme­

ability) probably is nea.'!? the field permeabilities of material in the 

zone of saturationg so we report that value as the permeability of a 

sample. However 9 the permeability of the repacked sample may differ 

appreciably from that of the undisturbed material in nature. 

The surficial sediments in the NmS seldom are saturated except in 

the upper few inches or for short times. Therefore g the saturated perme-

abil1 ty of a sample in the laboratory represents no cOlllIIlon natural field 

condi tion in the zone of aeration9 and the laboratory value can not be 

used directly to compute the rate at which infiltration by unsaturated 

flow would occur. The permeability vari es directly wi th the degree of . 

saturation 9 and value. decrease at saturations of less than 100 percent. 

Nevertheless'i it is desirable to have a uniform basis for comparing the 

permeabili ty of various materials 0 As it is difficult to determine 

permeability at a predetermined degree of saturationt the saturated 

permeabili ty of each sample is a value that can be defined and reproduced. 

FINE-GRAINED SEDIMENTS 

The pl~a deposits and Terreton lake beds that overlie the Snake 

River basalt in the northern part of the N1l.TS are fine grained and their 

permeabili ty is lowo Nevertheless 9 the materia.l. is porous and the sedi-

ments can slowly absorb substantial amounts of water 0 The loess that 

mantles the basalt and alluvium in much of the NETS is slightly more 

permeable than the plqa and lake bedso The windblown f:i:ne sand. which 

is prevalent in the northern part of the Station is moderately permeable. 
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Faotcr>s tha~ affe~t permeabil1 t:r measUl"ements,,-I:! readiD88 are 

taken a.t least every hour during permeability d6termi:na.tiona~ the follow­

ing even~s usually oecnro During a. short periods the apparent psrmN.'bil­

it7 in~eases to a. mari2l1'llm valU5. Thereatter g the permea.bilitj" deereaBest 

final17 ~18V'e11ng-off~ at 8. minimum value" This general trend persists 

during several to many dqso Alsop the permeability usue.lly fl'tWtuates 

dving eMh ~" 

!he permeablli t7 increases while air is being abao,.-bed trom the 

sample p reaclJ.ing a max!mum when all gas is absorbed and. saturation of the 

sample poree is eomple~e" The ai%" or othe%" gases trapped in a sample 

plugs pore spaces and red~eB the apparent permeabil1 ty. A vaouum qatem 

is used to de-air the tap water used a.s the peroolation fluid. The de­

aired wate%" absorbs air and. oerries it out of the sample. !he pore 

spaces in ooarse-grained sed.1ments are generally large enough that IlUOh 

of the air is flushed out of the sample mecma.n.ioally rather than be1Z1g 

abso1"bed in the fluid.. Therefc:NI D the mrud.mam pfJn!lea.bili ty for coarse­

grained sediments usually is reacl:.ed very early in t.he test. 

Ha.x1mam permeab111 ty is reached when all gases have been removed and 

the su:rple is complete17 saturated. However, by that time other factorS' 

tend to reduce the permeab111ty. For example p the water may contain 

enough solid matter of m1orosecp1~ size to plug some pores in the sample 

or in the filter disks at each end of the sample. Some of the finer 

particles of the sample m1gra.t~ and plug poreso Small amounts of dis­

solved substances in the watier may rea~t Ghemioa.lly nth the sample p 

espec1a.lly if it contains an appreciable amount of collcidal clq part­

ioles. The development and growth of mieroorganisme also would decrease 

the permeability. 
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Figure 13. - Constant - head permeameter. 

The disturbed samples were pocked into the 
permeameter cylinders with a jolting - type 

pocking machine. (Denver Hydrologic Laboratory') 

! 
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Laboratory method of analysis.--Permeability is determined in tne 

laboratory by observing the rate of percolation of water through a sample 

of known length and cross-sectional area. The coefficients for samples 

of the coarse-grained sediments were determined by means of constant-head. 

permeameters in which the flow of water was vertically upward thro~ the 

material (fig. 13). 

The constant-head. method requires tnat tne rate of discharge ~ougn 

a sample be measured while the diff'erenee in head of water at the top and. 

bottom of the sample is held constant. From Darcy's LaY, the basic form'1lla 

for the constant-head permea.meter is 

(6) 

where k is the coefficient of permeability, Q, is the volume of percolation, 

L is the length of the sample, A is the cross-sectional area of the 

sample cylinder, t is the length of the period of floy, .6h is the dif­

ference in head. at the top and bottom of the sample and CT is a temper­

ature correction to convert the permeability at a:rry given temperature to 

that at 60 degrees Fahrenheit. Expressing permeabilit7 in meinzers, the 

previous formtlla becomes 

k - 21.200 r= ~ 
- At(.6h 

in which k is in gallons per d.air per square foot under a b7dra'1llic 

gradient of one foot per foot at 60 degrees Fahrenheit. Q, is in cubic 

centimeters, L and .6h are in centimeters, A. is in square centimeters, 
. 

t is in seconds, and ~ is the ratio of the viscosity of water~at the 

observed temperature to the viscosity at 60 degrees Fahrenheit. 



Table 15.--Laboratory permea'b:nil;y of repacked samplss f,rf coa:rse-grained sed.iments 

~ 

Location of 
so'UrC2te Desc>rlption of 

(!tOVl1lsh:l,p, range locatiQn 
,_,_:a:n~L§§l,~U.9~,~, ______ , 

Depth Laboratory C(leff1~i,en1;!(),f; 
(ft below sampla pel'meabili ty? 

land muriber (gal! d9¥/ $q it) 
_--,s_'u:_rf'ae 9 L, __________ "~ _____ , ____ ~ ___ ~_"~ _, 

T. 3 N., R. 29 E. f FQundaUon ex~aV'aUon" 23 551DA25 460 
SEtg Sec. 14 MTR 

SWiSWt9 Se~~ 34 Graysl pH, north of EBR 6 551DA2'; 560 

T. 4 N. 9 R. 30 E., Grayel pI!" Big Lo?'!t g 551DA26 (00 
SW!, SeQ. 15 R:lY9:~ 

swi i See. 23 Gravel plt.s east (If STR g 55IDA211 '780 

----------------------,-'--- -----------

I-' 
I-' 
r' 
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gradient of one foot per foot at a temperature of 60 degrees Fahrenheit 

(the un1 t is sometimes called a meinzer) 0 BeCla'llse water is specified, 

Viscosity and density effects are neglected. 

Coefficients of permeabi1ity~ ranging from 0000001 to 309 000 

gallons per ~ per square footo have been measured in the laboratory. 

The value of the coefficient depends in general upon the degree of sort­

ing and ttpon the arra%lgement and sizes of particleso Usualq it is loy 

for clay' and other fine-grained or tightl~cemented materials, and high 

for coarse g clean grave10 Few productive I\8.tural water-bearing materials 

have coeff'icients less than 10, and for most it is above 100 .. 

Four disturbed channel samples of coarse-grained sediments were 

shoveled from exposed vertical surfaces in several gravel pi t8 and in a 

fOmldation excavation in the Big Lost River alluviumo The results of 

laboratory tests of repacked samples are reported in table 150 The data 

show that the permeability is good but not exceptional, ra:agiIlg from 460 

to 780 gallons per da7 per square foot. The permeability and other 

properties of these sediments favor readT infiltration and percolation 

of vater or other fluidso 
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months in 1951P53 afforded oppc:rtnni ties to cbse:MrE! and mea.sure natural 

fine silte The obsel"'f€.d rates Cif ::nfiltratio!!. proba'bly are within the 

range that malf be ex:pt?,t;?ted. in infil ~:rat·ion basins iT. sediments like 

those in the channel e Oompu_tatio!J.s from fleld measurements wel"a S'\lmlll.S.'r­
/:v 

bed. on page 240 The rate in th~ intil tr~metel" d6scri"oed above wa.s 

fluids thr'ough POl"vu.s media wa.s established by Dar~y ~ who demonstrat.ed. 

experimentally that the. rate of flow 5o.s propl':':rt:'l.on.al to the hydra:u1ic; 

(4) 

in which A is the total c;rosg.ose~tiona.l. area thr'~ugh \rIhich, a rate 00:' 

will be defined latere It !~llow& that 
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saturation to develop in the gravel, and when that occurred the rate of 

iDfil tration might be reducedo The rate in the infiltrometer was nm.ch 

higher than an~ noted during stud7 of infiltration in the channel of the 

:Big Lost Rivero 

The infiltrometer test was improvised because information was 

needed immediatel~ at the MTli site. It also helped to define conditions 

and factors that nmst be contended with in further tests. Infiltration 

rates depend on the physical nature and condition of the earth material 

and the character of the water, and these may chaDge as iDfiltration and 

percolation proceed. Among the more important factors are the internal 

~sical structure and composition of the sediment and the condition of 

its surfac8; the chemical and mineralogic composition of the sediment, 

includil2g the organic contents; the' 8IlOunt of entrapped air retained 

during infiltration; the chemical qualit~ and turbidit7 of the water; 

the temperature of the water and the sediments; the distribution and 

amount of soil moisture 9 or moisture tension; the barometric pressure; 

the kind of equipment used; the ~draulic head applied; and the duration 

of the test. 

Waste water discharged to infiltration pi ts on the Nl3.!S is a chem­

ical solution which is marked.l.1' different from the natural vater, and 

the sediments on the J:mTS, especial17 the fine-grained ones, are su.&-

cepUble to mineralogic and chemical chall8e from reaction wit h waste 

vater. Some infiltration tests should be made with water that is 

ohemical17 comparable to the wastes that are di scharged to the ground. 
,. 

Some tests should be made also in sma;l.l pits or ponds that sim:alate 

operating conditionso 
) 
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reached its bighee.t level f 0025 it 'lQwe:r than the bottom of the ~linde:ro 

Thereafter ~ the water level in the hole deClH,ned and aft6:t" 66 hours the 

hole was d.:ryc 

The total amClu.n~, of war·elk" that, pas~F.,d thT~ugb. t<he ;;1c~:re was 115~~HO 

gallons. l!ix~luding the earl;y pru"'t- cf t,ne test p be:fc1"~ Ird.drdght on Mq 

21, the amount; of wat·er vraS' 67 f 020 gal in 801) a..a.V't-~s and. the aV6::oage rate 

of percolation in that p~~:icd was 505 gpm {7 p,OO gpQ.~ 01' 630 gpo./ft.2). 

IIlFalUng head.W (\bSeffs":i(,n~ cf the wa.~;e:r le<'f."sl in the cylinder 

after the test was ahu~ down Clon.fil"JllE.\d. the Clcmpu~a~~iOln. of t,h.e average v 

giving an infiltmtion :ra":e of 506 gpm at the end. of the '\cast. 

A plot of the small flwtuat:!.ons lOt hydraruio head cve:r> the g:revel 

core d1s~losed no obvious dire~t Clcrrelation with flu©tuation~ in the 

rate of £'lowe Temperat~l.'r'e appree>iably affect·s va,tar 't"iSClosHy. and the 

ptirusi,pal v~ations in the 1.nfil t;%"s.tion TatE:' a;f t;.Sl" May 21 ~ery likely 

war'e c;aused by tempera:i;;n:re> i'l't:l.Ct".lB.ticns in the 'Yla:\::er 0 The higher rates 

oCcro.rTed during the midpart of each ~ p when the temperat'tl.t"e of the 

exposed storage tank was highest. 

The average flow rate of 630 gpd!ft2 would be a poer guide for 

designing an infiltraHon pend ~,n gra.'!f'Gl like that at the MTB site. 

The saturated pe:t"mea.bili ty of t:he materi s.1 wl'th all g:r::llnd air sx~luded 

might be sc.mewhat hIgher' iban bar ~l..nd:i 2:z:;'?d¢ On the othe~' hand p layers 
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to lubricate the cy1i%lder and to seal it to the coreo When the cylinder 

reached the desired depth, a seal of asphalt emulsion was placed around 

the outer side of its bottom edge to prevent pipillg by' water~ and. the 

space around the cylinder was back:f'illed with tamped soil and grave10 

The cross-sectional area of the core was 1206 sq ito 

... l~er of graded, clean pebble gravel was spread over the core in 

the oy-!1l:l.der and covered with a perforated metal plate to reduce tur1rnz­

lence in the incomillg water 0 Water was provided from a 1 u OO()...gaJ.l~ 

storage tank and provision was made for maintainillg a reasonablY' con-

stant head of water over the core. It. canvas cover over the qlinder 

reduced evaporation, which vas estimated to be only 38,,5 gallons durlllg 

the test, and was disregarded. Keter read1Dgs and head measurements 

from a staff gage in the oy-11nder were made about nery- hour durillg W 

test, which lasted 289 hours. .110 vatel'l-temperature data were obtained. 

The bottom of a dug hole in the ground aDout eight feet south of 

the q-linder, was below the lnel of the qlinder bottom. The develop-

men.t of a zone of saturation around. the infiltrometer was show. by the 

a;ppeara.nce of ponded water in this hole dur1Dg the testo 

The rate of flow through the core vas relative1y rapid during the 

first 48 hours (fig" 11), but thereafter it fluctuated about a norm of 

somewhat more than 6 gpm. The average rate of infiltration declined 

slightly durillg the last 5 days of the test.. The first 25 minutes of 

the test produced enough. saturation in the oore to cause ponding of 

water a%ld dnelopment of head in the free part of the qlinder. After 

about 35 ho'lU"s the head was 13 in. Thereafter, the head fluctuated 

between 13 a%ld 14.5 inches. At the end of 7 .. 5 hours water appeared in 



101 

redwe the permeability mucll. A dis€:lontinuous thin 'bed of nonpermeable 

clay and silt rests bet,w~en the gravel and underlying basalt at some 

plaess. Perched zones of saturation may develop en the bed. wherever 

excess vater percolates through. the graveL Sma.ll permanent or ephem­

eral natural bodies of perched water may l'est on the silt, at some pla.elese 

Water is perched on the 6i1'1(; and. perhaps on tight basalt beneath part of 

the MTR-ETR site. The distribution of ",he silt bed beneath the :Big Lost 

ru. Vel" flo 00. plain bas been de11nea ted ouly 1 oc;a..lly t as at the MTR 131 te t 

where it is 3 to 3.5 feet thidk. 

Pre11m1:D.a..t'1' experiments have been made on infiltration rates in the 

eoa.rse-gra.ined sediments. The permeabH1 ty of coarse--gra.ined sediments 

was not determined by well-performance tests (Mpumping tests~) but 

several samples of these sediments we~e tested for permeability in the 

HydrolOgic Laboratory at Denver~ Oolorado~ 

I n:f'i 1 tration Thr0ugh InfU trom.eters 

In May 1950 a crude infiltration test was made in gravel near the 

present site of the MTR disposal pond.? using an improvised ring infll­

trometer in the bottom of a dug pit. A con~rete c.1linder~ 48 in. in 

diameter and 4 ft long, was lowered around. a core of undisturbed material 

by setting the c!ylinder on the ground. and digging around it, allowing 

the cylinder to settle and snclose the core. Cobbles that projected cut 

of the core beneath the slige of the c:ylinder were removed and replaced. 

wi th clay grout. Al so ~ the s1.:cr~faCle of the Clore was plast,ered with cl.ay 
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~-BEARING PROPERTIES OF m SEDIMENTS 

The sur£icdal sediments that overlie the Snake River 'ba.salt in the 

NETS lie :far above the main water tableo They contain ground. water onlY' 

in looal perched zones of saturationv as was des~ribed ~n page 460 The 

yields of the perched aquifers to wells were not tested because these 

aquifers are not a prospeotive souroe of water s'Ilpply for the NRrSo 

The sedimentary inter.f'lo'W' beds in the main zone of saturation yield 

waterp but it was not practical to test their capadties separately from 

that of the basalto Most of the sediments are poor water-bearers g are 

troUblesome in well constl"'llCtion, and are best excluded :from finished 

wellsD 

The surficial sediments can absorb a considerable amount of water. 

and. coarse material transmits water readily. Thus g the sediments are an 

important factor in local ground-water recharge and in the disposal of 

liquid wasteo Some of their ~drau1ic properties were tested and 

further study is planned. 

The alluvial sand and gravel in the flood plain of the :Big Lost 

:Rivers in the alluvial fan of Bir-eh Creekg and in foothills alluvial 

fans ab sorb and transmit water readily. These properties are important-

factors in the regional regimen of ground-water recharge and in lOelal 

provisions for the disposal of liquid wasteo MUClh of the gravel eon-. 
tains secondary deposits a! calClitlIll carbonate at shallow depth{ but at 

most places the amount of secollda.r7 minerals is small and. does not 
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well (wells aspumed to be pumping at equal rates) 0 in gpIIlg T is the 

Oloeffic:lent of transm1ss1b1l1ty~ in gpm!ft t and. k is the ~1talized 

c:ost of pip61ine and. transmission l1nes 'between wells~ in dollars per 

"ear per foot of inte:t"'lrerdng d1stan~e. 

The optimum spacd.ng of wells in the .A.NP area was computed. using 

this for'ZllUla. The c:oeffic:ient of t:'aJlSlIrl,sdbili ty d.etermined from the 

results of aquifer tests on wells in the ANP area. is a.bout 8xl05 gpd/ft. 

As~e that k is $12.00 and is ~pitalized at 10 POlt per year, or $1.20 

nanc:e. Assume further that the pumping rate of ~h of two wells is 

1,000 gplI10 Substituting these and other values gtven above in the 

formula, the e~onomiCl-opt1mum spaOling would 'be about 25 feet. The prob-

lam here has been over-simplified to illustrate the principles involved. 

In constru.e;tion planning, cther faCltors would have to be considered and. 

The ~hief significanOle of this computation is its demonstration that, 

tulder ordinary oondi tions on the lmTS. wells mq be sp~ed as w.osely as 

is desired without creating eXOless1ve pumping cost. The result thus 

direotly ~ontradicts our earlier recommendations that wells be spaced at 

wide inte:rva.1a of' about 500 feet. When those recommendations were made 

they seemed prudent be~use 11 ttle was k1wwn a'bout the aquifer, and. the 

. optimum spacing Olcruld not- be computed.. 



ft/ft, and a T value of 3_3%106 gpd/ft computed from aquifer-test data 

for well OPP-3 (see table 14), the permissible spacing is 5S0 £eeto 

.uthough this indicates an apparent safety factor of about 3 in the 

existing spacing, it must be emphasized that this would be true only of 

a homogeneous aquif ef'. The real. margin of sa! ety, if a:tr3', in the exist-

illg setup is indeterminate. 

The minimwn permissible spacing varies directly as the rate o£ dis­

charge. Further increases in the pumping and disposal rates should not 

be made unless a recalculation. based on the latest aVailable hydraulic 

data, shows that the existing spacing would be adequate. The fillal test 

o£ "adequate spacing, II of course, is whether or not any 'Water is recircu-

lated. 

Econoldc-Optimma Spacill8 

Owing to the cost of constra.eting and maintaining power lines. pipe-

,lines, service roads, and to other factors, wells at a given site should 

be spaced. as close together as is possible without exoessive pumping 

costs):1 The less the distance between yells, the greater their inteJlo-

ference and the greater the drawdow and pumping lift. The greater the 

distance between wells, the lesl!! their interferenoe but the greater the 

cost of conneoting pipelines and electrical installation. 

The cost of installing two wells 9 insofar as it is affected by 

their spacin&. is computed. by a formula derived. by Theis (1957) 

r 

1:/ 101' operational reasons, of course, it may be desirable to space 
wells more 'Widely th.a:o. the economio-optilll'lJ.m. 
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Permi sS},ble Spacing 

Jaco'o (1950, p. 348; sq. 34) derived a:! equation for computing the 
,# 

permissible di·stance between produC".tion ar.d. disposal wells, Assuming 

that the disposal well is dir'6ctl.y dovm the ma.:ri.mum water-table gradient 

from the pUl'Ilped well, the permiscible spacing may be computed from the 

I. _. ~~?9._­
"j( T 10 

dispcsal \~slls, Q, is the p;;.Jl;P::'l'.(; 'r-ate or' dl.sposal rate (assumed to be 

equal.) 9 in gpd, T is the cneificlent .;:,j transmiss.ib:ll:ity> in gpd/ft, 

and. 10 is the natural hydraulic gradient- of the water table~ in it/ft. 

Like other ground.-water E'.q:u.t~Houe .. t.he one above ne.:,e::;sarily assumes 

idealized aquifer ccndi t:!.0n~ winch differ w:Ldely from :real conditions. 

CPP area is 1,800 :fetd:. The ~J:p6.,'H:.t::S -:f thE w811& was de:n.ded upon 

before the wells were Q..:i:il.led., at (;. t •. me \",.'')en ?alues of T were not 

available. The results cf aq-:l1.:fe!· tests, pump:i.ng-l'ate data! and the 

equation given above weI'S 'Used. to det·ermine the ad$qua~y of the spacing. 

The hydraulic grad.i€nt cf the water table l.n the CPP area before 

pumping started was abc.ut 5 ise'l; pel' mile ":,T' 0.001 ft/ft, The installed 

capacity of WE-11'S CPP--l a.r~d ~2 in. 1.955 was 2,500 gpm (3600,000 gpd). 

Ord.inar-ily, only one\'!i.-ll 1 S p··..:;m~$d. at a tune and pt.Wpj!'.g :snct con-

3 ~OOO, 000 gpi. Using i-.ha~ -,.a~ ue for Q, a hydraull c gT'adlent of 0.001 



well-construction datag and values of specific capacity were substituted 

in the nonequilibrium formula to obtain rougn estimates of the coeffi-

cient of transmissibility of the Snake Eiver basalto Judging from the 

common range and. average of the specific capa.ci ties given in table 11, 

the coefficient of transmissibility of the Sruake Eiver basalt ranges 

between lxl05 and 7xl06 and. averages about 4xl06 gpd. per foo1; for the 

Sllake River Plain as a whole.. :Based on data given in table 10 the 

average coefficient of transmissibility of the Snake River basalt for 

the lmTS &rea is about 2:d06 gpd. per foot. 

The desirable distance between wells ftries with the physical con-

ditions and the uses of wells andt like well construction, is an indi-

vidual problem at each. site. The problem of deteHlinillg the desirable 

spacing of wells is chiefly' economico Wide~ spaced wells inter!ere 

with each other very little, but the cost of interconnecting pipelinea, 

and electrical transmission lines is greater than for close17 spaced. 

wells 0 Where one well is pumped. and the other is an intake (disposal) 

yell 9 the desirable spacing (here called "permissible spacillgM) is that; 

which assures no recirculation of waste liquid througn the pumped well. 

Where all wells are pumped, th~ desirable spacing (here called ueconomio­

optimum spac1ngM) is that which assures ma;rl.mam water production at the 

least cost for construction and for long-term operation and maintenance. 
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The well~ fo!" 'Which aquifer-teat d.ata are available penetrate only 

part of the sa.ttU"ated. :zonE< i:!l rbe Snake River basalt. La.yer~ of rele:-

ti vely im:pemea.'ble 'ba.sal t and fine-grained.. 1nt,erflo'W sediments sepa.'re:te 

permeable zone~ at ma.ny place8 p and. they aJ.so impede hydraulil!S coIDmll%l.ica­

tion between the zones penetrated. "[)y yells and. d.eeper parts of the basalt. 

Therefcf'e p the eClI!pu,ted values of T probably apply ~1efly to the part of 

the basalt penet:t"s:t;ed. by wells or in :fr~e ~cmmuni~tion with them. The 

coefficient of transmissibil!ty of the entire thiekneas of the Snake 

River basalt pro·oa.bly greatly ex~esd.s the values computed from data on 

partiaJ.ly penst:r>ating W1511s.o 

The computed coe:f'fid,ents of s'tol"age vary from 0&01 to 0006 and are 

in the l"snge characteris~ic of water-table cond.itions. These coeffi­

cients. apply largely ttl the part of the aq'tlifer thRlugh whi~ the water 

table flUOltuated during 'bhe tests 9 and they mq oot represent the whole 

basal t aquifer & Jfu.rthermor-e p beClau.se water drains from some of the 

basalt ve:ry sl owly D longer pumping tests might give considerably larger 

coeff'icients of stc!'ags. The c(leffidem.ts of S computed fr-om the data 

for several. aquifer tests in me A.NP area a:nd. given in table 14 ra.rIge 

from 0,,01 to 0002. Oonsidering the c;omplex cila.racl'teristics of the 

basalt the agreement between the values of S is as close as can be 

expected. 

Derivatio~ from Spe~ifio-Capa~ity Data 

Specific-oapat:;ity data :=:a.n De used to estimate the coefficient of 

transmissibility (Theis and others,. 1954) 0 The average coefficient of 

storage comput5d fr-om the :t"6sults of aquife~ tests (sae table 14)9 
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Table 14o--0oefficients of transmissibility and storage of the aquifer at the NRTS and vicinity 

Date Observation of Ooefficient- Penetration of \.0 

Observation pumped well N Pumped of transmissibility of well test well (gpd/ft,) storage below water table 
(feet) 

6N-31ll-13acl 
(AlfP-l) 4/16-17/53 None 700~000 157 

do 4/30/53 6N->31lll-1~dbl 950,000 0001 157 
(USGS 2 ) 

do 7/20.:.23/53 6N~31:m-13cal 
(ANP-Disposal) 

640,000 0001 15'7 

6N-31:m-.13acl, 
6N-3l1-13ac2 -130al, -12aol 

(ANP-2) 11/11';'16/53 (ANP-l, 800,000 0.p2 133 
ANP-Di spow 
I.DiSPosal~ 

5lJ-3 1!1--1 Ocdl 7/10;.11153 None 570,000 177 

4ll-.30:m- 7adl 8/29-30/50 do 1.700,000 367 

4N-30!l-30adl 
(NRF-2) 8/}-5/51 do 3.700,000 163 

3N-3Plll-19bcl. 
0006 153 & 136 and -24an 11/11-13/51- 3N~30:m-l~Cb1 3.300.000 

(m 1 and. 2) (01)1>-3 
~ 

2N-291- Idbl 
(OF-2) 2/27/51 None 160,000 209 



"==-=" -~.----------------

3,,223 96, 39 110 
3 <>24s !;'J;;c, 19 740 """~ ./ 

3~346 1 9 94;.; c: so'" ' .... 'if..... ..J 

3"S26 - 400 "~3,20~ 
304~ 90 15:;0 3·230 1p670' 022 00000724 

!) '" 

3,,146 965 30 040 
30164 5;35 lv'{v'j 
30243 1,,94-0 6 9 30" 
3~5Tl ~ 

llf\J'"'. =1~=l±g~~~~ , • .,r....J 

)cOW'J'- 99 620 301.60 1p4;0 024, 00000806 

3~O79 
~r __ 
:jO) 20970 

3 .. 097 :"35 1~640 
3e161 1~940 6~15C 
30412 - 400 =L~= 3:040 9~:fOO 3~090 lp230 .,25 ,,0000822 

30076 965 29960 
30090 5~5 1.&650 
3·155 Iv9i.i.O 6~130 
3.,403 - ~()O ::bJ~~L 

~\:;:O - 9r.330 30080 lD200 025 .,0000322 ..,.f) . 

3oo4~ 
,so,.""_. 2p94c ~CIJ 

3 0"4- 535 19 640 " 0, 

30124 lp940 6 9 060 
~o348 - 400 -19330 

,,281 -1 ~40 -8~0 ~:.ii.. 

19 100 101 1:0 1,,010 10 021 000019 
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Table 13 o~Speci:fic drawdown and weighted 

Date and time k n Discllarge ~k ~k (;:2.J~) 
well 

(J 

(:feet) (minutes) (ft2[min) 

November 13 

6:30 .A. 1 OPP-2 19 830 29 000 19 610 
2 CPP-2 19 8:;0 19 890 1 9 770' 

~ CPP-l 19830 19510 29 220 
CPP=2 1,830 500 69 700 

4 

19],.O .A. 1- CPP=2 19 830 2 9400 19400 
2 CPP-2 198:;0 2~290 1 9 460 

~ OPP-l 19830 19910 19750 
CPP-2 19930 900 3,720 

4 

7:50 .A. 1 CPP-2 19 830 29 800 10200 
2 CPP-2 19 830 29 690 1,250 

~ 
epP-1 19830 29310 19450 
CPP-2 1,830 10300 2,580 

4 

8:15 .A. 1 OPP-2 19 830 29 825 1,190 
2 CPP-2 1,830 29715 1,230 

~ CPP-1 10830 29335 19430 
epp..,2 19 830 10325 29530 

4 

11:10 .A. 1 CPP-2 1,830 39 000 19110 
2 epP-2 1,830 29 890 19160 

rt CPP-l 1,830 2,510 19330 
CPP-2 1~S30 1,500 2,230 

5 CPP-1 1,830 175 199110 

, 



Logl~ 
2:,Qk: ..6.qk X L(.1g1O Log: 10 (s!Q):!1 ( ? /tpE) #r;'2 B - ) {rJZ/t}'A (~rr"'~ r:P rk ~, 

~ ~'k/trk ~, ,t 
~f~lmin) { , ~ft2Lmi:nd ~fget.} (ftl~m2 _£12uJ.i 

4.4S3 965 4.483 0025 

3"S~5 965 3&700 
3.,9 5 5:32 2:il 1lO 

19500 59 810 3,,870 .05 

30747 o6~ ... '" 39 620 
~oS35 117;5 29050 

.,483 l~~ 8 to,''' 
3r .. 14:370 4,,180 15,140 004 .0000116 

30621 965 'I 490 .I" 

,0681 5~ 1,970 
.033 l=mt ~ 111 530 

3, - 0 13,290 3"g60 7 ,240 .01 .. 0000203 

3 .. 525 965 3,400 
3·575 525 1,910 
3"Sl8 -~:~ ~ltOO 

12$710 3·700 5,000 ,,11 00000320 

30446 9"t::: 39320 0;,> 

3,,487 5;;5 19 860 
3 .. 614 l.~ 7Rl£5L 

3r . 12,300 3 .. 5g0 3,800 .14 .0000406 

3.348 965 3t230 
)0382 1:il~ 

l,SlO 
3·521 6~S30 

3 ,$to 11,870 30450 2,820 .. 18 .. 0000523 

30270 965 3,160 
30297 535 19760 
a,,40S 1~940 6,620 

.. 047 -=- 4.90 -l~ 600 
3.(?O 9~'9~O 3 .. 270 10 860 .21 .0000691 
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Table 13 o-Spe<ClUi~ dravdown and .weightecl 

Date and time k n DisiClharge ::rk .. k (r2k/tk) 
'" (1951) yell 

(.!t,2jmin) (feet) (minutes) 

November 11 

11:00 A. 1 1 CPP-2 19 830 110 309 420 

5:20 P 1 OPP-2 19 830 490 6,S40 
2. CPP-2 19830 3SO 8,S20 

Z 

7:10 P 1 CPP-2 1,830 600 5,580 
2. CPP-2 1,830 490 6,840 
3 OPP-1 1,830 110 30,420 

3 

10:30 P 1 CPPc-2 1~830 gOO 4,180 
2 CPP-2 1,830 690 4,860 ., epP-l 

l S83° 310 10,800 
3 

November 12 

1:50 A. 1 CPP-2 19830 19 000 3,350 
2 OPP-2 1,830 890 3,760 
3 CPP-l 19830 510 6,570 

5:10 A 1 epP-2 10 830 10200 2,790 
2 CPP=2 10830 19 090 ~v070 
3 CPP-l 10 830 710 ,720 

3 

10:10 A 1 OPP-2 1,830 1,500 29230 
2 CPP-2 19830 10390 2,410 
3 epp..;J.. 19830 1 9 010 3,329 

3 

11150 A. 1 CPP-2 19 830 1,800 1,860 
2. CPP-2. 19830 19690 1,980 

~ CPP-l 11)830 19310 2,560 
CPP-2 1,830 300 11,150 

4 
~ 



table 140 Values of the: C!C:le:fficie:nt of i:f'a:t1smi ss1bili ty of the ~ 

River basa.lt range betowaen 4..,6,..105 gpd.jn a:nd 3~ 7:1.:106 gpd/fto The 

h1gh,!'JI" V"'CI.1:ues cf T (moT'€: thatl, 3x1.06 gpi/,r.r:,,) a:fiO, those compu.ted f::,om, 

data fot' the CPP and N!'..F aT'sa;; Q 'I'he ~~6=:':l' ic c.apMity of well MTB-l 

indioa:'bes that the C',oeiii.:.i6n~· "'f t:t'ans:m.lssibility e:x:~eeds 3Xl.06 

NETS. 
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Interpretive studies of the time-drawdown data for vell ANP-l show 

that the hydraulic properties of the basalt vary wi thin the area of ilr!ltl:-

enoe around vell A.NP-2. None of the chaIlges, however, is sufficiently 

great e"Ten to approximate the effect of an impermeable bo'Ulld.al7. Such a 

boun.c'ia%7 vould distort the cone of influence, and the vaJ.ues of T and S 

comput~d from distance-dravdown data would disagree with those computed' 

from unaffected time-d.rawdown data. '.!!he agreement between the tvo sets 

of If values s'llppOrts belief that no important impermeable bo'lllldarles 

enst within the area of influence. 

m Area 

Wells OPP-l and-2 vere pumped simultaneously for 39 hours on 

N'ovember 1~13t 1951. !he p12lDpillg rates for vells CPP-l and -2 were 

1,500 and 1,940 gpm, respecti vel~ • The dravdown from concurrent P1!UDpillg 

of the two vells vas measured in well CPP-3.The conditions of the test 

are described and wat~le"Tel data are tabulated in appendix 2. 

Ifhe test data were a.nalyzed by the generalized compod te-drawdown 

graph method (Cooper and Jacob 1946). ~omputations to determine values 

of the weighted logarithmic mean (~/t)l1 and the corresponding valus of 

the specific drawdown (s/Q)n are shown in table 130 

The calculated values in table 13 were plotted on semilogar1 thmic 

paper to obtain the generalised composi te-drawdown graph in figure 10. 

A straight l1ne vas drawn through the plotted points. The slope of the 

line and the intercept of the line vi th. the line of zero specific draw-
,. 

down were s'libsti tuted in the equations shown in figure 10 to compute the 

~ulic coefficients of the aquifer. Ifhe computed values of 'f and S 

are 3e3%106 gpd/~t and 0.06, respectiv~. 



Well 
C~etfi,e:le!l~" CJt Coefficient-

rrumbe:t: 
Typs of dats. t~~s~1bi11~y of storagii! l ' q~pd.lft ) 

6N-31E-13aCl2 Time;-drawd~'W!l. 800s000 
(ANP-2) 

6I;.c 31E-13a~ d.o 820,000 0002 
(.A.NP=~' , .. *t 

6N=3lE-13~.al 
(.A.Np-D1 sposal) 

0.0, 700 9 000 e02 

61r-.31E-13aru, , 
~13Ga1 ? (.AllP-l Dl ~ t;an.c~ o.ralcl,.-:J'\ID 900~OOO 001 

an.i 
-~~DispMal) 

,Average: (rc~ei) 800 r OOO 0.02 

several values of T and S that were ~omp'U.ted from data obtained from the 

the preCleding se©tion of this report D the penonrtaneJe of a new well at a 

spec:ific: loeation :tn this area ~ct be pred.1c:ted E:o.C<~a.tely by using 

the computed. values of T and S. BeCWlse of lo~sl irr6gUlarities in the 
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Figure 8.-Time-drowdown curve for well 6N-3IE-13acl (ANP-Il. (Xl 
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Adjusted drawdowns in observation wells .A.NP-l and AliP-Disposal at 

the end of the test were plotted on logarithmic paper against the sqnares 

of the distances from the respective ob servation wells to the pumped 

well. to obtain a distan~drawdown curve. This cw:'Ve is part of the 

profile of the cone of influence around the pumped well. The t;ype ClU"VS 

was matched to the distauc&-drawdown curve, match-point coordinates were 

sUbstituted in the formula, and the coefficients of transmissibiliv,r and 

storage were computed as shown in figure 9. 

The drawdown in well lET-Disposal, which is 5,450 ft from the pamped 

well, cannot be determined aceurately- because barometric water-level 

fluctuations almost completely- masked the fluctuations caused by- p-ampil3g. 

However, wat~level data show that the drawdown in this well was in the 

magnitude of 00 1 ft at the end of the test .. 

The values of T and S9 computed from time-drawdovn and distance­

drawdown data, are listed in table 120 

) 

.,./ 
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Dra.'\'rdo;wn in the PI,mtpf!:'\d. ~::.i o1::se:f"'J·Et."'ion w~JJ.$ was dl!i;ermined by ~m­

paring e:x:trepc:la:i';.ei gf'aphs ci 'i.1T'dt,e;:r: llC'~el!:1 measi.:<:too. be! or'e pumping started. 

wi th the g!:'aphs elf water levels mea~~ed dU!"ing pumping. The clI'awdown 

data ",eTe the=. sitj'UZ ted for a. 'Ymo sphen{"'"'"PresStU"s c,ba.nges dt:iring the test. 

Mjusted drawd..crvnl\:l were plof:ted s..gainst timE! (.in logari thmit! or semilog­

a.:ri thmi ~ paper' 0 

As an examp16~ fig"J.rf! 8 sho'n the Hme-dx-awd.own da~a for well A:NP-l, 

adjusted. fer a. baromet:ri~ efH.~~,6nc;.y of 88 PC.'It. The test data were ane,­

l;yzed. by the gT'aphi©al method of ~ttpe:i"pc8i.t':'on CWen.2:al s 1942, p. g8-89) 

to solve the :n.onequilibrium ! c:rmcla. T:.I.s ~~rpe C''I.ll''V'iS was matciled to the 

latter part of ths timS<='d:='a.wd~w:o, d.ata~ and. ma:'o~h-p;::;:i.:ct C!c,erdi:n.ates were 

sUbsti tuted :tn the form:u~a t;" compute the ~oefficd.ents of transmissi­

bility and I1It~rage. Oo:n::p:.ltations fOT well ANP-l are sho'Wll in the figure. 

The drawdeli'Wll during the :first 90 m;l,IIU't,esr.f pumping depa:r,ted from 

the type ~e be~a:u,se. the basalt· a.qu5 .. ier d.c;~s not !'esp~nd. instantane­

ously tc pt1Dlping9 as weud a. hcmcgenEt'):1~. :'\?:l~~::lpi~9 and perfe.:;:tly 

elastic; u;esian aquifer. Th6:r'e is a "t!me-lag in. th.e discllarge of water 

released :fTom s'tc!'age in. the aquif aT and the difi STant hydraulio proper­

tien o£two ~~e9s1v6 permeable zenes can not be integrated instantane­

ously by the Gone of inf.lu.enCi6o As pumping c:cntim.ed., however, the flow 

between zones having d.iffering permeability adjusted 1 teel£ t the e:f'fe~ts 

of gravi ty d..nrl.D2.ge b e~1S sma1l 9 and. the e..."'f e~t e cf diff' eranoee between 

the; wa.te~bea't";ing C',ha.!'a~te:r':1.f::t·ic;s ·~;f fha basal'!: and a~s'tIr.Ued ideal 

ciJaract.eristic-s 'De:::3mS nsgl:'gi'tleo 
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outlined by Ferris (1949) and Cooper and Jacob (1946) were used to cal­

culate coefficients of transmissibility and storageo 

Water levels in wells at the NliTS :f'luetuate in response to fluctua:­

tions in atmospheric pressureo These ef':f'eets are disc:u.ssed fully in the 

section of this report entitled IIIbarometric fluctuations M 
0 The fluctua­

tions are sufficiently large to mark the influence of pumping» so the 

d,ravdown data collected during the aqo.ifer tests were adjusted for changes 

in atmospheric pressure before they were used to compute the .hydraulic 

coefficients 0 Adjustments for each well were based on its barometric 

efficiency, which is the ratio of the change in the water level in the 

well to the associated change in atmospheric pressureo The barometric 

efficiene;r of a well is determined by comparing prominent changes in 

atmospheriC pressure with corresponding flu.ct'Oations in vater level 

during a time interval when water levels were not affected by pumping .. 

The data. for two aq'1l1fer tests will now be presented in detail. to 

illustrate methods of analysis. The resULts of these and. 8 other tests 

are summarized on later pages. 

During pumping of well ANP-2 on November 12-159 1953, the drawdown 

was measured in veIls A:NP-l, AEP-Disposal g and lET-Disposal. Pumping was 

started at 12:30 pm on November 12 and. continued for 72 hours at a con­

stant rate of 1,220 gpm. The water-level data are ta.bulated and the con.­

di tions of the test are described in Appendix 2. 
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Mu.,::;h elf th~' v~t Elf' p',Ulpeti ltu:rillg :a:t! aqrdfer ·i;',es'f. i:i' wi thdra.wn f:rom 

sto!"age by g!'a.";;lt:y d:ra:ir~>; f:t',)l!; pa.~'~ \~:f e. ps:r.mea1:ils :z;one. That; 1s 9 some 

of the a.qtifeI" mate!'ia.'i :l..~ dl\l'wa'r.ej.c~ed~ ~be- flo\', m. va:~E!l" toward. a well is 

three-dimtms1.onci beGla:use ~'avi ty d.:t'ro~. d. ~t,Cl:red. w.ter involves 

vertic:al :flo", c;cmponents du.:ring slavr d~tering crt' the aquifer. Rowever t 

the nonequili1:>:rtu!ll :fcI'l'!!'Jla d@s':.'f'lbe~ (}July ';';,of,-dimensional radial flow with 

definee cira.'w'd.oV!l in the Sna.ke. R'lve::- basa:h olily after the :flow of water 

between p6rmeabl~ in-i::E':.rf'](\\;< ZCljJ,S h.sT;r..g f~ffe::"~n+; hyd.:!:a.u1ic properties 

reaches appronma:te sta't>il~ toy < .AJ t l:'...a~ ;;:,~.8:.g2., f:he 'l'feX'tica.l-flow o:ompo­

neni;s of gmvlty d:r'ain!?lgo a-t'e· smaIl ~ d.e--v:a"e:rl.:ng :is ~s.,entiaJ.ly complete, 

and. the flow is ls.rgely ra.d1a1 and. essentially two-dimensional. Before 

that stage the actual. fu.'awdown d.s\:"iate~ f:r'om tohe thec.retical. The initial 

transi tional period may be several m.inuf..es OT h~UTs i.n duratione dependiDg 

on aquif er conai t,: ons • DU:"ing prolonged p'tm!p:l:ng t,he ~o~e of :tntl uence 

adjusts to the a""'erage and o'1fe:::all hsd.ra;;J50 prcpez:rHeJs of the aquifer, 

and. the fa:r'Ilr\:.la. then d('sel~! dN.:,'rr'~'e,,::b,? f,,:r'8\'Yd';,'\'m in "Tells. Thus~ 

meaningful values fer' hyd:racl:';.,c pr'C'pe;:;r-ies ".rf the Snake :Ri Vel' ba.sal t oan 

be der:ived if acr.rlier toasts a..'r'e'mad~ p!"c:p~:t'ly and if jud.gment p based on 

knowlfl'dge of geClll@giC? cond:ltions£ is tt~Ed in :'1n~erpret1Dg data. 

The data fQ:t' J.O aqnifer ~es""~ at, '.be NETS durlng 1949-1954 were 

analyzec tc de~e'f~D:.TJE t·he hv,j,'!'$")l:i!';- :p'!":;p"'1"" , <fS -:-d the Snake R:l~"er ba.salt. 



aquifer is in:f'ini te in areal extent and uniform in thickness; that it is 

homogeneous and iaot::>opicg that i ,,; is c\'lnfined between impermeable beds; 

that the coefficient of sto~age is the same for all parts of the aquifer; 

that water is released from sto~e instantaneously with a decline in 

head; and that the well has an lnfini tes1mal diameter and penetrates the 

entire thickness of the fomation. The nonequilibri'llm formula. is a parti-

oular solution of a partial differential equation describing two-dimensional 

radial fioY. Theoretically the formula is not valid for watel"-table 

condi tiona, belOO.usa the flow towards a well in water-table aquifer 11 thre .. 

dimensional and. release of watel" from storage is not instantaneous with 

the decline in head. 

The ideal cond.1 tiona a.ssumed in the derivation of the formula do not, 

of course, prevail in a:rq aquifer. In pahoehoe nows at the Snake !1V81" 

basal t, for example, permeellle zones oecUl" largely along the oontact. 

between separate flows. Mase1ve laYers of relativel7 impermeable 'basalt 

and fine-gra.ined interbeds separa.te ~ of the permea.ble zones, and the 

hydraulio connection between these zones is pooro The hydra.ulio permea-

bilit,r of the ba.salt, like the effective porosity, 1s a characteristic· of 

the formation and not of the roek i teelf', because the rook i& eaaentiall}' 

impermeable. The vertical formational permeability of the basalt 18 much 

smaller than the horizontal. 

Most wells in the Snake River basalt extend through. two or more 

permeable 1nterflow i(lneao The pemeabili t;r h not 11las17 'tio be the lame 
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HYDRAULIC PROPERTIES 

cant hydra:u.lic·propert1es of an aquifere The cosfficient of transmiss1bil-

1ty is the rate of now of water9 in gallons per ~D tb.rough a. vertical 

strip of the aquifer 1 feet wide and extending US full saturated thiek­

ness under a hydrauliC' gr.'adiGnt, of 100 ~el"Clant (1 feot per foot) a.t the 

prevailing tampemtur6 of the watero The coefficient of storage is the 

TOlume of water relea.sed front or taken into storage per unit surface area 

of the aquifer per unit Chang6 in the component of head normal to that 

field. d.a.ta.o 

Del'l:ygtion ~ Signif1~ce of Coefficients 

The h.ydrauli~ properties of the Snake River basalt were determined 

by means of aquifer tests in which the effe:ets of pwnp1l:lg W5re observed. 

The d.rawdown cau.sed. by pumping a well at a C!lonstant known rate is mea8-

ured in the pumped well and at cbseM'a;t;ion wells which tap the same 

aquifer. Graphs of drawd.own versus time after pWIq)illg started, and. of 

drawdown versus distance from the pumped wells are used to solve equa-

tiona whiCh express the relation between the coefficients of transmissi-

bili ty and storage of an aquifer and the lowering of water levels in the 

vicinity of a pumped well. 

The formula most widely used to. a.nalyze aqu.i:fer-test data is the 

ncnequ1li.brtum formula (Theis e 1935). The formulae like other similar 

ones p was developed on the basie of the following assumptions: that the 



Table ll.-Specific capacities of vells in the Snake River Plain 

Aver e Average Average Average Range of Average Average 
L ti Number dep~ penetration diameter length specific speoif1c pumping 

oca o~ of wells (feet) below vater of casing of test capacity capacity rate 

Jefferson Oounty 

Group 1 
2 

Minidoka p Jerome 3 
and Linci'ln 4 
OountieJl 5 

6 
7 

:Singham Oounty 

NRT5» Butte Oounty 

Gooding Oounty 

Jerome Oounty 

Bonnevl11a County 

Blaine Oow:ity 

Oamas Oomty 

5 

15 
21 
29 
31 
22 
18 
30 

15 

14 

9 

6 

6 

2 

3 

200 

266 
264 
2S2 
216 

~~ 
271 

252 

590 

120 

362 

207 

226 

210 

table (feet) (inches) (hourS) (&Pm/tt) (£Pm/tt) (&pm) 

72 

~~ 
91 
88 
83 

112 
71 

71 

200 

60 

77 

88 

179 

77 

16 

21 
24 
21 
21 
21 
2.1 
21 

18 

16 

12 

16 

18 

16 

16 

16 

2! 
3 

~ 
8 

24 

2 

3 

4 

2 

6 

33-14,000 

110- 9,000 
11Q...20,000 
20Q.- 69 000 

59-14,000 
2y.,171ol 000 
63- 3&000 

150=-22 8 000 

I&=. 7 Q 700 

12- 2,900 

300- 2 1ol 700 

6- 10600 

33- 1,000 

37- 110 

30- 110 

38 200 

29300 
4,500 
1 1ol 100 
19 800 
llolSOO 

sao 
3,900 

19 800 

900 

900 

900 

500 

10 

60 

28 400 

2~900 
29500 
29 200 
19 800 
1&700 
llol500 
1,800 

1 Iol 900 

900 

19 000 

19700 

19 800 

1,400 

1,200 

11 u. S. Bureau of Reclamation Minidoka Project, North Side Pumping DiVision. 

~ 



smalls vell losses at pumping rete~ at sever's.'i ~'U.bic feet pel' ee~ond are 

app:l"e~ia.ble parts of the 'to1.a.l d:rawdo'V;ns in the wsllso For examples the 

well loss ef 3.1 :ft in \-1011 Cpp...l at a pumping rats of 2p475 gpm is nearly 

53 Pelt c:(' the \:ct,al. dl"awd..~, 5,,9 ;itt s,t: tJl.a.t rate. Large head losses 

O~Cl'tll" as water enters the wells a.t high velCl~i ties through the gravel 

envelope and. peric:'ated casing. SevsntY""':f':ivE fest of the 16-inc,h casing 

in well CPP-l are perfora":',ed. with 3/8 by' 3-in. lol:lgitudinaJ. slatse provid­

iug a total d 11 sq ft of en~:t'an~~ area. Gravel is pa.c;ked around. in the 

slotted. pipe in ths wEJllo Ass~ng that the e'ffe:;tive open. area. is 5.5 

aq it 9 the eIr~l'a.n'-'$ ~ele:::s:i ty would be 60 .ft· pel'" min at a p'Wl'lp1:cg rate of 

2,475 gpm. 

Table 11 B't.'llm!la.l"i zes the data now 8.m.la.ble on the speci:f'ic ~i ties 

of prod.wtion well s in the ~ Ri Vel:' basal't throughout the Snake River 

Plain. The ave:t'age yield of a. It,...in~ well during an 8-b,r test was about 

2 p OOO gpm per foct; of dra.wa.<:.'W'.ll, The aveI'age depth cf the wells is 290 ft9 

and. the average penet!'atio!l. 'below ,,!he ~egiona.l wa.ter table if! 100 ft. 

Although the spe~ific C'-apa.::'itie,; rar.ge f:rcm 6 t,i) 22,000 gpm pSI' foot, the 

Clomtnon I"ange is :f.l'cm 60 to 3,200 gpm per' fcoto 

SpecifiCl-c:apacd 'by data ~an be u.sed. to estimate the coefficient of 

transmiasibili t.Y of aqu1:fers p and. this will be done la.ter in this report. 
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The specific ©apa~i ty of well NliF=2 d'llI'ing the test on June 11-12, 

1951 was l.inusual1y low 9 either bec;ause the well was not properly devel-

oped before the test9 or becau~a entrained air bl~cked part of the 

aquifer 9 or both. The test on A:og. 3-59 1951 showed that subsequent 

development by pumping greatly increased the s:pe~ific capacity. 

The specific capacity of well CPP-3 is abnormally low because at 

the time of the test only the lower part of the ~sing was perforated. 

The casing was not perforated opposite permeable zones in the upper part 

of the basalt. 

The yields of some wells in the basalt have been increased greatly 

by relatively small increase in their depth. For e:x:ample g when well 

JmF-l was 485 feet deape its specific ~paGity was 16 gpm/fto After the 

well was deepened to 535 feetg its specifiC capacity was 25860 gpm!£t. 

This and many si:milar cases illustrate that in lI1aIlY wells the yield is 

obtained principally from a few extremely permeable zoneso Water is not 

oontributed uniformly by the entire penetrated thickness of the zone of 

saturation. 

During the period 1949-19559 two or more tests at different pumping 

rates were made on several wellso The speoific capacities of wells M!fB-l, 

CPP-l and -29 and ANP-l deorease as the pumping rate inoreases (table 10), 

which indicates that well loss is appreoiable. 

Aocurate vell-loss constants can not be computed from the available 

data. Their order of magnitudes hovever~ was determined by a method out-

lined by Jacob (194.7) 0 The value of 0 is less than 0 0 °5. for vell MTR-l; 

it seems to be about 001 for wells CPP-l and -2, but the data for these 

wells is not oonsistent 0 .Although the vell-loss constants are relatively 



Table lO.-Spe"Uic Clapad Uea of wells in the NRTS--<~Oontinued " '~"-'~I--' D,llt'a-,. 1 , 1~lam.;er I Depth lD;P~-t·I--~· -----'-.-'--' 
Well NmnoS't Date tlon Puroplng: I Dr~wdown or S~eCli~:lC I e!f llif s1"a"le Well 

of lJif ra~e'j bu~ldllP .If} fC!~pa.~:lty, ~\3.ELQO' w@llwa!:e:r."t"",{.,( . 
.t 1 ' " I' .' <5 • , CH;)tlS·".l;\,I'd',I.'.'l1 

_. _. ----T---------------.. J test test;, (gpill.) (fee.;). (gpm!ft) i(ln~~h9:5) (fee~) le'Vsl 
~i~J.-.(L_l.-!:!Q~l§l,~ L-m_.,_,,_j., ____ ~. ---~. hours )+-~-,. ----'.r.---·-.-' --------. ----. ____ +.J.~ill_ .-... --,~.---.---~.---.. --, 

USGS 
30 

TJSGS 
31 

AJ1P~1 

i I I Ca~lng ~ ~e~~'-tr= , . 
I I a.t;ed~ 2. i 6~·:::90h, 

"i:' n I O· 1 2 500 f1 h 05 "'6'- I ""O"'31'~' 'f'" '"., c. J'" I ., 9 ' 0 "1 C J I) V"" ; .. I"~ > ~ -,-:ri, 

I I \}:p~.IIJ hQl6,ll 360., 

-··-·---·--1·--.. ----~-~ -------l,--· .. _-- --,--- .-------t:-w5....:n ,!-----,.----... 

I I I [. c"""Q""'g p'i'l''''f''''''' , I =l;;..I . .u . ~, •.. -. ,1;'" 

5lT-33-ID·I0;~:dl I 1/1(}~n/531 2.4 I 280! 1.6 175 g 42S 251 ~,:~d.? 2g5-'~?5 

"·-~·--,.·-',.··· .... ·'"-·--··-·---"-'-·---I- -.-.... .,,~ ~II f-· ---.-~-----~-- .. ~-, ..... ---.l.-.. -,---.. -l~~~~~:d~;-~: 
lj '·1G-.'19rr:::.~ 24 1 (\ I 1 <f 'l';~q '~6 j '~r::" I 20i,3 I .. __ .... !J __ ;.,_.:::. .. 1...1. --,~-,,,.:'., ... -'-- -,- .• ~.L. __ -4 ___ ,_.'-' ... --- ..... --:' .... - .... '" _., .. - .. ' ".:1._ ..... ~,_." .. '"'.,., Cc.,.o~ np' 1"1>,<>.1"1' "~?"_ 

I I ""''''"" ... 1::.> t:~, ... l,\ ~~u·-)Hr;-13'd' 0 ~ 1.,,_:~tn=.1!zl.:iJ _~L __ 1,_, I'W, _! ... , .... lQ._. __ ,_.+_ ... _IU -.~i .. _ ... rr:,~~ __ J_._.~:,:~L".,_,d:,~,,_.~ 1 at'!!d, 2()O~ ! \,. e 

".,,,,,.,,, ,... '-1_._,;'LgQ:?3L5~_i2_- _1.3C;~~() .. ,-, _____ ·g~j __ + ___ .. ~Q~.-+, .. _L .. _>,d~ -.. L ___ .~.9. __ + __ .---,""-",,,-

5N~35F~·15fJdl 1/2'7-28/531 24 

, l U ']2 1.6/531 24 1 ':i'0 I "I '1; I h:" I ~r-; 1_4,- I 2P' I 
ANP-2' I 6lJ~51f-- r,.:;,'1·') ,_.~.-l:-:_::....~·~'-t-~" "~=·::'~-"!-"~---=-"~:.""-- .. -f-.. -·- -::,~_._ .. l ,-,.:~~' .. --.J-.--2 .. .2--J-----..!:..J Cs-131.ngporf ':Vf>-' 

'_" ___ '''''''_'''''''''' ... , .. __ .. _ : ... _~LX!:2LY5! _~_i_!!,~3.~_.1 ___ ~2gcI_~_L~~27 ... _~ .... ~~, . ., .. L __ ~~ __ L_.~~~~ ... J a~~~~ .. :~~=~~2~~!~ 
11 Plus'1<.l1n.es n3pJt:'!::I'Sni. buIldup 0:£ Y8.ter lei?(!l 

du:d.ng reclla.rg0 test.. 

gj Well CPP-2n 500 f't dlstan:t:;, Y8.S pumped inter­
mittently d'uxing the test at 2~300 gpm, whl·.,h 
may aecount for t;he anomalous apparent speCllfi~ 
yield. 

-s 
I-" 



Table 10.-Specific capacitiell of wells in the NRr5--0ontinu.ed 

Dura- Diameter Depth Depth to 
Well ~umber Date tion Pumping Drawdown or Specific of of static Well 

of of rate buildup f+> capacitr casing well water construction 
test test \ (gpm) (feet)lI (gpm/ft) (inches) (feet) level 

Field Location hours] (feet) 

4/21-22/51 24· 1.0,0 "'1 1.0~0 16 605 41)2 

11/r)..1/r)4 l 1.4~~ 1.l 1.120 16 60~ 4'11 Casing perior-
CPP-2 3N-29E:-24adl 11/11-1,/1)1 24 1.1)00 2.4 621i 16 601) 4152 ahd, 458-483 

6/2q-~0/'11 24 1 SiiO 2.1 6sIi 16 605 41)1 
. and 551-600 it. 

11/22-24/'54 24 2 '500 lo2 181 16 60'5 451. 

OPP-3 Oasing parfor-
Dis- 3N-30E:-19cbl 9/11-12/51 24 800 "'38.1 21 16 598 451 ated, 490-593 
posal ft. Casing per­

forated e 412-452 
ft 10/'51-

NBF-l 8/3-4/50 24 1,010 62 16 18 485 363 Casing perfor-
(STR-l)· ated. ~q4-1tI8 it 

18-in. casing 
perforated» 394-

11/17-18/50 12 1,400 0.5 2.800 18-16 535 do lJ.78 f'~t 16-tn. 
casing perfor­
ated 481)-'510 ft. 

. 8/3-5/51 48 1,430 0.5 2,860 16 528 365 Casing perlor-
~2 4N-30E-30adl ated. 373-397 

(S1I&-2) .. 6/11-12/51 24 1.245 ... 4.8 259 do 528 364 ~~7-~~~-i:~ ft, 

USGS 4N-30E:- 7841 8/29-30/50 24 420 5 84 12-10 692 325 12-in. open hole 
12 ______ . __ __._.__ ______ _ . Ij87-694fi. __ 

...... 
o 



Wall lIWllb=-l-­
I 

---'--'-r-~----~-"--~'- -1 :n ~y __ ~9.9.~.H5H)' .-_.-1.-. 
i I 

CF-2 I 2N-29E-- 1d~;1 I 

EBR-l ~N-29E- 9681. 

- ------.... -."-.,.....~~ 

r.iTR~1. 

M'rlH? 

, 

3N~2~n1'r t4a.d I 
I 

3N-29E~14~:2. 

---.. ---~.----I--~ 
U 
! 

CPP-l I 3N~30Fr-19bd ~._1 
_~l.ll , 

1 

( 

Table lO.-Specif1,c cap~it1ea of walls in the HIlTS 

Date 
of 

test 

~/27/51 

L2~14/49 

._-

~6~23!50 
~L2Il.!iO ,_. c::....,. 

~2.-24/51 

-
lO!2~-
II 2/52 
-. ---
!5::l 7/S0 

~-4/1/1)1 

~1-13/51 

5 - 7/54 

Dura= 
tion 
of 

test 
fhQUI's). 

3 

24 

24 I 

-
Pumping Drawdown or Sped:fl 
rate bUildup 11) ~a.paclt 

(gpm) (f'!get) (@m/f.'~ 

-'~--'------' -'''-

235 15·6 Ie; . -' 

800 17 4" I 

Diameter 
of 

Y I ca.:slng 
(in .. ~he2) 

Depth Depth to 
of s~aU~ 

well water 
Well 

eODsl.;:r'u~t.;:ton 
(f eEr~) i 1 elre1 

______ :.J---':f e_~lc ) I .. _____ . ~ 
I 

116.~:in 0 Cl9.s1ng 
20--16 6g1 I 472 I pe;£ora1;ed? 52.1·~ 

651 and 661~6g1 
-.--------.... --- .. - __ 1 __ • ___ '-ft !!.. __ ... ___ ~. __ •• _ .. 

}S 11,075 

Casing perfo:f'­
ated, 600-150 

596 Iftf i)p~n l~ 
1n. holl9 '150-

---'-'-r'-~---
__ . ____ ... hJ?I!Lft !.. __ ••. __ ~~ 

1510 003 2t 100 ~t"~t'~""~e .,..,."4".,, 

~9 __ ~_]._9J?'.5 ... ,. _____ J!~,2._ . ___ s,l\.g,59 _ .. 
113 I ~OO 

.. , ----.. .1..~ _____ 1>9.2. 
456 I C"" oil TorJ' p-ATI"f~,.r_ 
~ ,.., . ~';' f", 1 c.~ __ ._~.JL ,~:t~.~!l,_~,;;>J-:::&!"._;t~· 

I 
24 '(50 61 ! 

.. - --~--,---

24 590 47 
r-' .-

24 .b}:30 __ _ .b~ ___ 

24 1.L;.14L log 

24 1.9~. __ . 4.8 

45 2,475 5·9 

12 

'-~---

13 

-
594 

600 

.. --~Q!±-
ghH9 

19-·U~ 

13-8 

i .. ·_-1£.­
r-JQ 
~~_,_ 16 ----. 

16 

l12 

18-1n. i;'iasl'fj~ 
per.forated. lt96-
STl ftG 12.~-:ln. 

451 I {'lasing p~rf"Yr'­
ated.? 55s.-.56r 
;ft.; i()lpen 10-1110 

_____ .. ~_J~9?!.!..5E::IIg,_!tt,~ 
8-:\.n. "aslng 

772 I lt55 I IHlrff.)ra ted. 61~s---
llt4 £1:. .» 

~-~--... 

4\t~ j Casing ped'\])X'­
.<-..+---' • , a.~ed9 46o~485 

:V.l I 450 -- its 52,{-571 ft. 
585 448 

m 
w 
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friction of turbulent :flow in the aquifer in the immediate vicinity of 

the wel1 9 through the well SClreen and in the well ()lasing. lIell loss, in 

feet, ~ be represented appro::d.ma.tely by the following relationship 

(Jacobi O. E. 9 1947): 

well loss • Oqf (1) 

where 0 is the ·vell-lossl oonstant, its dimension being in se~2/ft5, 

and. q, is the rate of pampil:Jg in cubic feet per second.. A deorease in 

the specific capacity of a vell Y1 th an increase in the ptmlping rate m.&.7 

indicate that yell loss is appreciable, but other factors ~ cause the 

same res1ll.t. :l:r.amples are dewatering of some of the saturated zone, pump 

intake pipe breaking suction, and. perhaps others. 

Specific-capacity data for vells in the NETS and vicinity are 

summarized in table 100 The specific capacities ratlge from 12 to 2,860 

gpr11/ft. The tabulation indicates that, in the E'RrS area, the average 

specific capacity of a well 16 inches in diameter during a 24-hour test 

is about 900 gpm/ft. The average depth of the yells is 586 ft, and 

average depth of penetration belay the regional vater table is 206 ft. 

Wells NBr-l and -2 and ~l have the largest specific capacities on 

the m.:i!S, averaging about 2,800 gpm/ft. Yells AEP-l and. -2 in the 

northern part of the NliTS, and wells Cl'-2 and. :m:a:B:-l in the southern. part, 

have moderately lov specifio capaci tieso The spec:i:f'ic capacit7 of well 

CF-2 might be about of the same magnitude as that for well nB-l (47 gpm/ 

ft) if the depth of penetration yere as great (480 feet) 0 



On the other hand, the rec~rd fn~ 1950-54 shows that the vater level 

in well -14adl normally ris6s shortly a:f'ter Augus:-r. in some 7ears (fig. 7). 

The rise ris c:mmulative during the three high-runoff 7ears of 1951-53, 

culminating in the re~ord-high watsr le~el in 1953. If the correlations 

shown in figure 7 are valide the lag between 1:c:flltra.tion and a..'l"'rival of 

the va.ter a.t the va.ter table may be on the order cf 6 to 8 months. 

Stlppose that perClcla:ting water from' the river spread to a belt 500 

to 19000 feet ride beneath a. 10 to 20 mile rea.ch. of the river. The area. 

in which percolation recharge oGc't'l..rred wuld be about 600 to 29400 acres. 

At 3.5 pct average formational porcsltY9 it would require 21 to 84 ao-ft 

of water to raise the water table 1 ft. A rise of about 4 ft occurred in 

230 ~s from September 10 to the end of A.pril. representing about S4to 

330 acre-feet. This ilWrement would be eqaival.ent to a. e:;ontinuous recl1a.rge 

new of about 0.18 to 0 .. 72 ds. These figures have no standiDg whatever 

as fact. They merel:y show that it is reasonable to expe~t that recharge 

:f%'Om the river vould cause a det.e~t,a.ble riB8 in the vater table. !he 

matter requi~es furthc~ study and no co~uaion6 are drawn now. 

SPECIFIC CAPAOITIES OF WELLS 

The perl'orJlla.IWe of a Y611 may be expressed in terms of its specific 

capac:!. t~, which is cle.:f'ined. as the :yield in gallons per minute per :foot of 

dravdovn. The spe~1:f'iG ~a.pac1 ty- of a yell varies both with the d'llration 

of pumping and with the pumpi:cg ra.te. 

The dra.wd.own in a pumped well has t:"tlC- cOIllponen ts 0 One is the head 

loss from the friction of laminar flow of water in the aquifer towards 

the well.. The other is the head loe~, (well loss) resulting from the 



was unusuallY' great (see p. 17-21) 9 and. much vater entered the ground b;y 

infil tration along the river channel on the NETS. If a rise of water 

levels occurred, it would appear first in wells near the river and later 

or not at all in distant wells. Therefore, we studied well bydrographs 

and compared them with the hy'drograph of the Big Lost liiver in 1951-52 

On September 10, 1951 the water level in several wells near the 

river on the :NRTS rose sharplY' about 0 .. 35 ft - a large rise in this 

aquifer and locali t;y. The residual rise atter adjustment for a correla-

tive drop in barometric pressure was 0015 ft. Perhaps this rise was not 

related to infiltration from the Big Lost Biver, because a similar rise 

was recorded on the same da;y in other wells ~ miles from the river. 

Recharge from the river lI1Iq have rea.eb.ed the water table about concur-

rentlY' with a temporar,y rise caused b7 some other factoro Revertheles8, 

the water levels in some wells near the river continued to rise atter 

September 10. 

Infiltration from the river was along a narrow belt? the vetted 

c.bannel, but the percolatiDg water spread to a wider belt before reaching 

the vater table. Owing to that spread, the rise of the water table 

caused bY' increased infiltration vas too small to be detected at its 

begilming or in dailY' increments, but infiltration may Mve caused part 

of the cmmlati ve tq)W8.rd. trend of the water-table in vell -14adl (see 

fig. 6).. If so, the percolation time through nearly' 500 ft 0'£ basalt and. 

sediments to the water table was on the order of four to seVen weeks. 
r' 
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distinguiM !'ro~k. porosity!! f:r'om OCiormaticna.1 por-osi t,-" 00 Ws ha:v6 no 

practiOlal meth.od f~t' m6asu;r'ing C;I" egi;imating a.©cura:tel;y the fOHlatioIlal. 

po%'Osi tyo ... It seems "aTtain" frtlm st'Wiy ~,'f 4)UtCl:r'OlpS a.ud. from. drilling 

recoris 9 that t;he average effect/ivs po:t'osi ty is at least 2 pe:t and. 

probably is about 5 Pelt. FoI" the ne06iisal:'y purposes of this repol"t~ we 

assume c;ons61"'f'ativsl:r tha~ the average e:ffsCit1'ife fOJrma.tional poI"osity of 

the Snake River 'basalt 1 s 3 t> 5 pet. 

INFILTRATION BATE 

No means have been d.~.sed. fo.!' o...ireC'='t measurements ci infilt~ation 

rates in the ba.salts The rate ra:nges from high to r..il~ d.epend.ing on 

physical variations in the rock. Wherever there are i:n:g:>emeable la;ye:n 

in the basal t9 the per<.!!clating water tends to form a perched saturated. 

zone on each imper.meable layer. Water in these perched zones moves 

laterally till it finds openings through whic;h Hi ~ move dovnward. 

Water d.ispas~d at a point or small a::"ea Oll the s'i.'.iIta~ep therefore 0 tends 

to spread tl:.t.rough a wldsl" area by the tims it l"eaclles the vater table. 

Perching of per~~lating vatSI' is well illugt~ated by the artificial 

zone of saturation at the MTlt 81 teo which was built IIp with water released. 

to the environment (see po 47) 0 

PERCOLATION BATE 

In Gonne~ticn with waste di~OEal ani numel"~US other prcblemsg it 

wow..d be helpful 'be knew how long water t;a.'.te~ '00 pel"Ciola.t:.e frfJm the land. 

surfaGe to the water· ta;t)ls< DUI'ing 1951=53 :runc!f in the Big Lost River 
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PORm WATEB. ASD POROSITY 

The presence of pore water in the basalt is easily verified by 

direct inspection and bY' simple laboratory tests. Pieces of basalt were 

collected from under vater and from the zone of saturation at springs in 

the valley of the Snake RiTer. Freshly broken pieces were damp along 'fihe 

fresh breaks. When the specimens were collected, sttperficial vater vas 

dried off and 'fihey were weighed immediately on a chemical balance. In 'fihe 

laboratory they were heated in an oven at 1050 0 and were weighed periodi­

cally until they ceased to lose weight. '.rhe larger samples required about 

100 hours for drying. The twenty-five samples of Snake River basalt 

listed in table 9 ranged in porosity from about 4 to 25 pct and average~ 

10 pct. The water content ranged from 1.4 to 11.6 pct by weight and 

aver88ed 4.2 pet. The porosity of two samples of Banbury basalt averaged 

18.6 pct and the wat'er content vas 8 pct. 

The basalt is permeable to air and "breathes" freely. Dried samples 

exposed to the atmosphere change weight in response to chaIlges in rela­

ti va humidity. 

Effective Porosity 

'.rhough the total porosity from pores and vesicles is relatively 

high, most of the pores are too small to transmit water under the pres­

sures that normally prevail in the ~fert and most of the vesicles are 

isolated. The effective porosity of the rock r8ll8es from about nil to a 

small percentage. Nevertheless, the considerable void ~e of other 

kinds in a mass of lava is hydraulically effective. Therefore, we 



Table 9.-L088 of pore water from samples of basalt at 105°0 

Weight of Weight of Volume of Volume of Porosity Water 
Location of source of sample wet sample d.:ry sample material water (pet) content Re:ma:rke 

(gr) ... (gr} {~) (cm3) (~1L-_ 
~ 

:Bl us Lake Sprlng 99.,851 97"i44 34.206 2.707, 7·3 20g Vesi~'rllar 
Sec e 28, T. 9 S.p R. 17 Eo 1080889 103e503 36 .. 445 50336 12,,9 502 Sparlu:91y ~'efd, c'lllar , 
Jer(fJme C{mni;y 50.508 49.807 170538 .701 3013 Lli Very vetd~ulM' 

De1fll l 8 Washbowl Sp'rIng 4~; 787 45.202 15.916 3 .. 585 18.4 709 S~l)rlMeQUS 

Seo. 4, T. 10 S"~ R. 18 I. 6 .008 60.6:rr 21.344 3,,391 13·T 5,,6 Vedl.!<ul~T' 
J erQme CO'lln1;y 200.1'13 188·391 66.335 lL'I82 15.1 6.} S~QdMrg(i.lJ'I:!S 

Malad Sp:r.:tngs 42.243 l~t;~l 14.432 1.256 8e O 3·1 SH.gb:Uy 'Wes:1~ulat' 
Sec. 36, Tn 6 Se~ R. 13 Eo 108·350 37 .. 52'1 InT14 4'.5 1.1 nenfli!!l 
<ffltld:tng CO'lm I;y 690319 68<0}8 23·951 1.3li1 ~ 3 2.0 Ve\\l~,ffljla1" ..I" 

1510329 145.421. 5'10205 5.903 10·3 4.1 Vea:l©llla:~ 
162.851 145.8'78 5l.~5 16.9'73 2.4.3 11.6 Vesl~ula.:1:' 
g2~5'Tg 80·1'75 28" 2 2"SCtO 9.0 3·5 Vea:1©'i~1a:t° 

108.,951 102.1145 36.118 6.212 14.1 6.0 Very T~B1~nl~ t@ 
se~rla~~'tltl.\!J 

122.121 116.22li 40.924 5·891 12.6 5.1 'V'e td.~Ula'f' 
106.053 980336 34.625 1. TII 18.2 7.g Den~1P.I 

890260 S4e523 290762 4.13'7 13·1 5.6 D'l!lJ1s*,; frU'f·llr'!!d 

Tho'llsand Sp:d,ngs 1'71.,16s 1'14.5113 6L412 2.650 4.1 1.5 D@ns~ 

Sea. 8, T. g S.p R. 14 E. so. TT9 7!L328 2'1·580 2 JtJ"1. 8.2 3·1 V ad ~rua;!:, 
Gooding CO'llll't:y 121 .. 502 119~899 42.218 1.703 3·9 0.8 Derllll.tfl! 

107· <133 105·302 370078 2.431 6.2 2·3 Slightly Tesi(>,'1l18,T 

64.81'7 63.618 22~lwl 1.259 5·3 2.0 Very Tesielllar 
101.947 1000526 35.396 1.421 3·9 1.4 Dense 
174.081 169·941 ~:~~ 4.140 6.~ 2.11, Very vesiCll'!Uar 
123·951 114.852 9·099 18 •. " .9 :Banbu:q basal t 
93.754 860687 30.524 7.067 18.8 8,,2 :BanbUX'1' basalt 

\J1 
\.0 



Much of the Snake :aiver basalt - even that which seems dense and 

tight - is permeated by small pores between its mineral grains. ,Pores-

of that type occupy as m.uch as 25 pet of some rock. Laboratory measure-

ments of the porosity of g random samples of drill cores from fO'lll1dation 

borings on the NRTS were as follows: 

Sample Porosit}" Sample Porosity 
teill ~ 

1 13.4 5 16.0 

2 14.3 6 10.1 

3 22·3 7! 13·7 

4 16.7 g 25.2 

Tests were made of 25 additional samples in a study of pore water 

(table 9). The median value for the 33 samples is about 13 pct and the 

average is 10 pct. 

Most of the pores are capillary or sUbcapillary in size and store 

water but do not transmit it. In the zone of saturation they are filled 

with water, but the hydraulic head on the water is not sufficient to 

overcome the capillary foroe that holds it in the pores. The water 

stored in capillary pores cannot be wi thdrawn thro~ wells because it 

will not drain from the rock 'b7 gran ty. 
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Tension <,oirl,ts that were p:r0iu~e:i b;;r differenHal movement of the 

hardened. ~ust of a lava. flew are, mCl"e 'W"ia.ely open than sh:cinltage joints. 

and the voids ?oserwed range up to 10 or 12 it wideo a f@w te~t to 

hundreds of feet, lcng, and. at least 20 ft, d.eep. These o,!>emingSg com­

moril.y reported. in. well logs as CI'6Vio9S 9 a.re "epic/u,s water bearer's. 

Breacli.ed la'tm tubes 'Were. ft\und at tb.:r'ee pla.c.ss on the Station. 

Other tubes, brsoohed and unc:r'ea.c:hed., u:o.do'U!:l-::eclly CCC'Ul" beCiSuse they are 

not rare on th.e plain. No S'u.t'S""....:::ta,,€' t'ur;,;es ha."76 been identified in the 

zone of. sa.turation 'bensath ths Statlon" Unde:r.-g:rcund. ~vit1es were 

reported. in the logs of aoms test, h~les ~ but Mne was identified as a. 

lava. tube. Lava twes store and tran smH, very large amounts of groUlld 

water. Their pemeablli ty is pra.d;:1,~ly in:f'ini teo 

Most vesic;les in basalt con ".:I"i'c",:ricE; 'Yllt 11 Hle to its pSr'l!leabili ty 

a:nd. their p~t:t((!lal hydrologic impCil"ta.n~e is minor compared to that. of 

jointss erevices, flow-contact ~on6s~ and interstice~ in scor'ia and in 

cinders. Vesi~les are so a.bundant in scm6 layers that the ro~k is 

spollQ" in a.ppea.ran~e c Some well ddllel"s believe that spongy ba.sal t is 

a copio'llS SOUl"o:e of water. DespH,e their abcmd.a.n.c;e. however~ the vesi­

cles usually are net wIdely int\sl"ccnnec::tsd ar~d de net tra.nsmi t much 

ground water ~ The m-:,s'b spcngy maf'erial gE':iera11.y ~'~C\ll"E at the tops of 

flows, where the main Si.l1.tr'ce of W'a.'~'e::" ao::'tually it'; the v.oi.ds adjacent to 

the flow contact. 



vesicular or scorlaceous basalt which has been pulverized by the drill. 

These kinds of materials are Gommon at the tops of some flows 0 Some 

reported thick beds of cinders maY' be sc:oriacseous parts of aa flows. 

Fresh aa ~ broken, blocq basalt - is among the most permeable of 

all types of rock. Some aa weathers readily when exposed to the atmos-

phere 9 and decomposes when acted on by subterranean water and gases. 

Therefore, it becomes less permeable as it ageso The sa in the Snake 

River basalt is geologically very yO'llllg and but 11 ttle al teredo The 

physical chara.cteristics of sa were described briefly on page 113 of 

part 20 

Tension Joints 

Open tension joints are very common in the Snake River basalt. 

Shrinkage during cooling is a principal cause of tension joints in 

basalt (see part 2~ p. lO8-111)i but these joints are less iddelT open 

than those produced by other causeso The vertical and lateral extent of 

single Shrinkage joints ranges up to a few tens of feeto Shrinkage 

joints undoubtedly are developed in nearly all the Snake River basalt 

because they are typical of pahoehoe. The systems of shrinkage joints 

in a flow are interconnected and thus provide irregular channels for the 

storage and movement of ground water. The a.verage shrinkage Joint is 

qui te narrow - on the order of a. few millimeters to practically nil--

and shrinkage joints alone would not transmit the large yields commoIlly' 

obtained from wells in the basalt unless they extended far into the zone 

of .sat urati on. 
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fOrwa.r'd part of the flow moves flOJ:rwa.:rU with the now and i,s rolled under 

overran it"f'oms a higb1.y psr:msable layer. The c;onibination of faCltors 
, . 

produces a porous F permeable zone a.dja~ent to the GOZl.t~ts between floys. 

Flow-contact zones are especially important water-b~ers in the 

flows. The average contact zone is thin and may transmit relat1ve~ 

little water, but the ~egate ea.palSity af all the zones is large. 

Some Snake River basalt flows moved into p180e and cooled on :ma.rshy 

grotmd or under water in streams, ponds and lakes. The cooling lava 

for.med rounded, pillow-like masses among wh1~ there are interstioes 

becaU$e the pillows, though plastio, did not mold complete~ against 

each other before they haT.'dened~ Pillow lava was obssl"V'ed at a few 

exposures in the cazlYOn of t·he Snake Ri'1rer between Milner and :BUss. 

Geologic and physioal ccnditions obviously favored its development there. 

In most of the Snake River Plain, however, only a few surficial layers 

of basalt are exposed and pillows have not been. observed in them. We have 

:no direot evidence that pillow lava is an important component of the main 

mass of the Snake River basalt, though some geologists believe that 

pillow lava is widespread. 

Volcanic cinders generally are about equal in permeability to 

poorly sorted sand and gra~el. Oinders were found in many test holes 

and wells in and near the NRTS (Appendix 1, part 3). Material reported 

as oinders in some drillers' logs, however, actually is reddish 



30 Open tension joints formed by shrinkage of the 

basalt during oooling, or by differential movements 

of the crust of a hardening basalt flowo 

4. !l!'Illlllels and cavities produced by liquid lava 

draining out from under a hardened crust (lava 

tubes) .. 

5. Vesicles and cavities formed by expanding gas 

bubbles during cooling of the basalt. 

60 Pores, chiefly interstitial (between mineral 

grains) • 

7. !l!ree molds.. These are largely of academic inter-

est and. have little h';rdrologic importance 0 They will 

not be di scussed. further. 

~ Adjacent 12. nov Contacts 

Voids along or near the contacts between £'lows are among the most 

important of the water-bearing openings in basalto Most larger voids of 

this sort are interconnected and they are distributed about as widely as 

the flows in which they occur •. !l!he upper surface of a now commonl7 is 

somewhat brecciated, extensive~ fractured, or highly irregul.ar in con­

figuration. A later flow that spreads over an earlier one tends to 

chill and solidify rapidly at its base, without oompletely filling the 

su:rficial voids in the und.er~ing floy •. ~ flows also are somewhat 

brecciated alang their bases. .1t is cha.racteristic of slowl=y moving 
,; 

pahoehoe floys that the stiffened and fractured 'Opper crust along the 
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Evidently 9 ~omple~i ty of gJ:'ound~wa."el'" conill tic!l..s is nCl:rmal ~n the 

NRTS. The c~mpleAi ties at the tiP? si toe g~~.m unusual o6l©a.use W~ have more 

test holes ""there and. know more local details than are available for other 

areas" The nattiX'al C!omplex1ty is C!omp~und.ed by heavy' p'llI!lp1ng of the OPP 

wells~ vhicll o:a.uses drawd.own of the water table there 9 and 'by the di~ 

posal of liquid. waste a.t a. well a few h'Ul'ld.~ed. feet d:tstant o ~using some 

build-tip. The wa.te!' level in the disposal well ~Clt be measureds but 

the build-up around it and. t~he clra.wd.O'WIl nearby pl"c..bably ~uae the wate%'­

table contcl'U.%"s to "wand.erl ' :In that viei.nity. 

~-BEA.R!NG PROPERTIES OF ~ SnAKE RIVER BASALT 

Dense t massive basalt is nearly impermeable to waterc Most flows 

of the Snake River basal ts however' 9 contain primary voids which store 

and. transmi t ground WB,'t;er. Oertain seccnd.ary voids ~ as in talus brecClia 

bUl"1ed benea.th younger ssO.btent~ or basalt p are copious water bearers. 

We have no eTid6llca~ cf CI~(u..r':t'en~es of wa:i;,er-bea.!':'rlg i;a.::i,.'U£ bre~cia in or 

neal" the NRTS 9 so this ma,~e:t"ia.1 ~'nl zwt, be d.esc;l"~.bed.o 

PRIM.ARY TYPES OF WATER-BEARING OPENINGS 

The principal kind.s of voids~ listed in the approximate order of 

their relative importanc6 9 are as followsg 

1. Voi.ds ad.jacent to the ccntae>oi;s between flows or 

between a flcrw and an under·lying format,ion.. 

2. Int,ers>i:;:l. rial openir:gs fermed duri!lg emplac:ement 

of pillows 9 cincieI's and. aao 
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than that in the northern well. These water levels imp~ a reverse 

gradient of the water table (northeastward more than 10 ft!mi) 0 !he 

regional gradient is southwestward about 3 ft/mi. Re1evelillg to measur-

ing pOints and. repeated remeasurement of the water levels failed to 

remove the apparent discrepaney', which must be accepted as a fact. 

Theories to explain thi s phenomenon have been enterta.1nedg but ther& is 

little evidence direct17 s't2pporting them, so discussion seems pointless 

at this timee The ano~ probably arises partly- from quasi-artesian 

conditions and partly- from differences in the construction of the two 

wells 0 

The detailed configuration of the water table and the direction of 

gro'\lI1d-water underflow are important considerations in the Vicini t7 of 

the on area and southwestward from there. Regional contours on the 

water table indieate a generaJ. southwestward gradient of the 'Water table. 

We tried to trace the course of saline liquid-waste materials in the 

zone of saturation by- drilling test holes where interception of the 

waste seemed. likely-. Lacking direct evidence of the true direction of 

mo-v:ement, fiow directly down the apparent ma.xim"llll1 gra.d1ent had. to be 

aSSllllled. Six test holes were drilled at 50C-foot inte1"V'aJ.s along a 

2,50C-foot line normal to the direction of the apparent maximnm gradient 

of the water tableo The saline waste was not found.Y This problem is 

discussed more full,- in part 4 (waste disposal) 0 

11 After this report was nitt-en the waste liquid was found by- f'tll"ther 
exploration. It vas not following the apparent ma.xim'o.;D. gradient. 



Owing to the pr6valen~e of quas~,-a.!'tesia.n Clondi tions, pred.ictions 

of the depth at Wich water will be strll.cit: in vl~lls at soma 1'la(;:6s on 

the Snake :[(1ve1'" Plain are apt to 'be in error by a. few' :feetc Prediction 

is more a.ecurate when phc,,:,ased. as a progDf.ls:i~ (If static water level ill 

the finished. well, rather th.a:o. of the d.epth at whi.C'll water will be 

encountered. 

In some wells in the Snaks lU'reI' Plain the water-level f1uc;tuations 

resemble those in aI'te~ian aquifers be~ause the wateI' levels respond to 

fluctuations in barometric press'lll"e. Nct:lce':'l.'t,le ba:t"c:m6tri~ flu.ctuations 

do not occur in water-table aquiis!"s 1ri"ht::;re therE' is free communication 

between gro'tmd air and. the ai::.mospherec The barometric fluctuations in 

basal t wells confirm that there are tigh:~ zones in the basalt above the 

zone of saturation, and. these impede equalizat10n of pressure between 

ground. air and the atmospb.ere. Other kinds of wa.ter-1evel :fluctuations 

in basalt wells 9 sucll as those oaused by earthquakes and by heavy pump­

i:og, also simula.te phenomsna. ordina.rily seen only in artesian wells. 

Water-level :flu©tuations. will be ctlsC!U.ssed. fmly in later pages. 

Unexplained Phenomena 

Certain anomalies in the oecurren{2e and beha:vior of ground water in 

the ImTS cause ~itiOlal problems. A case in point is the 'behavior of 

water levels in the two wells at the OF area (wells 2N-29E-laal and 

-labl). At times the water levels in the wells are at about the aams 

alti tude; but on mcs~ oc:ca.sions when th.e "Tells "'Sf'S meaSUT'ea. the water 

in well -ld."ol, the southe...<><nmcs~ of the twc, ",as 0 .. 1 to 4co it higher 
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immersed in the zone of saturation in a water-bearing gravel. A drill, 

striking the boulder above the level of the water tableg would not 

strike water ~til it broke through the bottom of the boulderd Water 

then would rise in the boulder, but it would not be (lalled artesian. In 

an extreme case 9 sucll as that of the basalt well, it is difficult to 

determine whether the aquifer is artesian or quasi-artesiano 

Test well 4N-30E-7adl, illustrates a more common situation on the 

Snake River Plain. Water was first recognized in the hole at the depth 

of 366 fto The water rose to 332 ft within about four minutes after it 

was struck. Twenty-four hours later the depth. to water was 326 ft. 'fhe 

water occurs in broken basalt overlain by solid, nonpermeable basalt. 

!he latter seemingly confined the water under quasi-artesian pressure in 

the permeable bed, the pressure surface of which coincides wi th the 

regional water tableo Other better-~verage water-bearing zones in 

this well vere struck in basalt at depths of 400 to 405 ft, in sandstone 

at 500-504 ft~ and in creviced basalt at 655 ft. 'fable 7 of Appendix 2 

shows the depth.-tc-water measurements made in this well during drilling. 

Another example is test well 4~0E-6abl for which water level 

measurements are shown. in Appendix 2 table 6. Water was first reco~ 

nized: at the depth of 331 ft and rose promptly to 315 ft. The water 

occurred in broken basalt overlain by a local confining bed of solid, 

nonpermeable basalt. Additional water was strw::k in basaJ.t at 605 ft; 

a.nd. in sand at 1,400 fto Water with a foul odor was found at a depth of 

1,010 ft. In this and the previously noted test hole, the "dater level 

was quite stable during drillizlg except when the holes yere bailed 

rspidly or when water-bearing zones were cased off .. 



cond~,tioll,g. Test h,t;<le ~34]l...9"I:'d.lr 322 f-:; deep? enc:en;u.-;'::;61"ed wa.ter at a 

depth of 256 f:~ ka.t ~vt,esia!l wa,t;e:' seszm.ngly was not st,!"'J.cit:. The hole 

was iieepened ~o 553 it wi,t:.J.O:1:b finding ru;'besian wa:te:t'~ A private weU.l 

(5N-35E4bd.2) 6 miles to the ea.st~ hm'll\VE!!'g repo!'tedl.y str:~k artesian 

water at a depth cf abo"l.t 150 ito Ths \fa,t,e!" rnne t(l a.bou.t 50 f't below 

the land surf ace 0 

Flowing a.r~~sia.n wells oec:'UI' in 'bhe Abe:-de-s:a.'=Spr1!lgi'!eld irrigation. 

distriet t north of Amerioen Falls Res6:n-ci:,. Other a:tssia.n areas prob­

ably will be frnmd in. the plain. 

Exploratory d.aep drilling O:l the NETS did no't disclttse uIlqu.estion.ed 

occurrences of ~tesia.n water~ If artesian water is present, it is a.t 

depths from which reco"':"~ry probably w01.ud not be economicaL Also, -:he 

deep water is apt to be inferior in chemical quality 8 as vas the case 

with uneo:ofinoo. wa·t,er i:-om the l!Mer part of the d.eepest test hole 

(4N-30E-6a."Dl);, \1hich tapped gl'o'.llli wai'er- at !tu:mero~.l£ dept.l:;.g down ttl 

nearly 1 t 500 ft.. The wat·ezo frl):l!l permes."c>le zones rose n., highsr than the 

regional water table. 

Test hole 2N-27E-33a.e2 reached a. depth of 1,065 ft before water was 

struck an.d the water rose to a. static level 981 it below the surf'ace. 

By literal definition. the water is arte6ia.n.. In this hole extremely 

tight basa2t extendtl to a considerable c.epth bela"l the. level of the 

regional wa.ter tia''jle •. and fine hole a.c~.ua.l1y 'It.raG 'Done rL"7 until water was 

struck. After a. depth of 1,,000 it 't.'aS rea.ched thr= hole ",as "undisturbed. 

for 13 months, but it contained no wa.ter when drilling was resnmedn The 

si tuation may be analogous to that c:'ea.tE'lti rlY e. large bou.lder partly 



voids and. extremely low hydraulic permea.bili try 0 The zona of saturation 

often is not rec;ognized in a drill hole in S'UI!b. materlal~ because the 

influx of water to the well is small and. aces net n'ot1csably deaease 

the amount of water that must be added f,o!' dtil11:cgo When a permeable 

zone finally is struGk the hole fills to the level of the water table" 

This rise of the Yater level simulates that ~used by artesian pressm"e, 

thottgh the cond.! tions are not tl"1ll.y artesiano Nonpermeable sediments in 

the zone of saturation sometimes cause effe~ts similar to those of tight 

basalt. 

The conditions that produce simulated artesian etfec;ts are here 

called quasi~artesiano Q.uasi~artesian presS'tU'e is very common in the 

Sllake River Plain. In m.a:ny instances the rise of water in a well is less 

than. 5 ft9 but 25 :f't is not 'IlJlU.SUal (Appendix 2~ table 5) 9 and. rises as 

great as 50 ft are reported by drillers" 

Water ocC'tU's in some parts of the Snake River Plain under t:rnly 

artesian cend! tions 9 most co:rnmonly in areas where widespread sheets o£ 

impermeable sediments overlie permeable 'basalt" At Rupert9 for example, 

a thick blallkat of nonpermeable lacustrine sediments oyerlies basalt, in 

which wa.ter is confined under pressure. Water wa.s st:ruck in basalt at a 

depth of 500 ft in one well and. rose to a static level about 90 ft below 

the land su.r.faceo In a few localities on the p1ain9 water rises more 

than. 1,000 ft above the level at which the aqu.i£'er is tapped" At some 

of these places the ccm:f'ini:cg material is tight basal to 

Water is confined under pressure beneath impermeable basalt in 

parts of the Mud Lake basin also, and flowing and nonflowing artesian 

wells are n'WlleJ.Cous thereo In that 'basin9 which is hydrologioaJ.ly 



water in St.Orag~9 the peJ'ched. 'wa:;;s:r' is n~'i; a likdy SCl'l.U"~6 of sl'Jpply- for . 
facilities on the ~Se 

to the gro'tUld tb:l:'ough an infil tl':'ation pond. Th.e waste water built 'o;p a 

the ho1e p he ~o'Uld. not bail the he,le cL.7. The water ertdently is percmed. 

on imperm8able ba.sal t" 

The perched zelle of s3:tt:.mticn beneath the waste-disposal pond at 

the pond and appeared in shallow tes~ h!ll~s 25 and. 50 feet distant. The 

perched: zone cf aat'UJ."a.ticm would develc;p a.t the MTR s1 te if =.cll waste 

water were disposed of in the gmvelo Similar df/Vslopmen.ts ~ be 

expected. a.t other pl8.0:6S where the geolog is eimilar. 

Th.e ground. water in the Snake RiveT bas.z.'lt- and. in sed.1man~s assoc:t~ 
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the wate:r--table maps)} On that basis, underflow in the northern NRTS 

is generally southwardo The southward bu1g1Ilg of the contour that 

passes through the Birch. Creek pl~a probably is caused by underflow 

increments from the :Bil"cili. Oreek valley 0 .A. similar southwa%'d bulge south 

00£ the mouth of the Little Lost River vallq is CltIlSed by underflow from 

that basin. 

South of If 0 4 No the regional trend of 'tmder.flow is west of south, 

the western component being most pronounced in the southwestern part of' 

the Stationo AloIlg the eastern part of the Station Q south of Circular 

:Butte, the contours show that water from the Mud Lake basin enters the 

NmS t moving southwestward across the Station boundary 0 Along the 

entire southern. bo'Ullda:ry o! the Station, Ullderflow 1s southwestward. 

Perched Water 

Perched. ground water was struck in well 6N-31E-2Toal, in the 

northern NRTS, where it occurs in allu:V'1:mn or lake beds. The depth to 

the water table was about 60 ft and the saturated thickness was a.bout 

30 ft. No perched water was found in other test holes or wells. Well 

5lT-30J!l-21bcl, which was drilled ~ years ago and. for 'Which drilling 

records are not available, probably taps perched water. 

Perched water was not given a.rtF special. st'llCly. It is apt to be 

present near the northwestern edge of the NRTS from To 5 N., R. 29 1I. 

The nature of ground-water underflow and of factors that control 
its speed and direction are discussed in detail on pates 143-151_ 
The principles discussed there should be born in mind when'u.si:ng 
wate:r--table :maps or basiIlg plans on them. 

.. , ' , 



s'tl.Coessi ve times \I and. scme of these lll.a\Y represent act"..1.8l cllar;.ges in the 

be made 5 would repl"esen.t o:tily a transi tor.!? inst:anta...'1eous Mndi tion 

whic;h never would be repeatedo 

benea th the !~RI' S ~ "l t 
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The confi~xration of the Yater table at the NRTS is quite irregular. 

The contours on the maps are smo~th and gently ~~Dg be©ausa the depth 

to water Clan be measursd only at widely s©attared points "mich do not 

reveal the irrsg'lllaritieso The irregu1ari ties are no~ great enough at 

most pla.c;es to cause mucll error in an estimate ()f tohe depth to vater at. 

a new siteo Where the Clonfigara:tion of the water table is fairly regular 

and where water-level control points are spaC'Jed at intervals of 5 to 10 

m1~ the error in estimates raIlges between a few inches and 5' fto Yhere 

the coniigaration of the water table is less regalar or where control 

data are pooro errors of estimate may be larger" Additional factors 

that affect the aC'Jet:!.l"~ and use of wateJ:"z2table maps are discussed in the 

section on IIlGrotmd.-wa'ter Under:f'lovo oo 

Li ttle is known about ground water in the area. :immediately north of 

the 1m 8i tie in the Am> areao The water table seemingly is ve'3:7 flat 

there and at plaClels Ina\Y" slope less' than a foot per mile.. The general 

slope is southW'a.'t'd~ but locally the maximum slope departs by at least 

From Pol9"'Line Road southward through To 5 N" the general slope of 

the vater table is southwardg ranging between about 7 and 10 ft per mi 

in most of the row of t own ships 9 and the contours trend. about eashardo 

To the west 0 in To 5 No 9 Ro 29 Eo the grad:i en t :1 s sil eap6%' 9 ranging up:. to 

about 12 ft per mi,. 

In To 4 N. the wate:r-table gradient becomes flatter toward the south, 

ranging between about 2 and 10 ft per mi.. The configuration' of the vater 

table is less simple in this township tbau :1 t is to the northv as is 

shown by the broadly sweeping cu:rves of the contours 0 



can. be determined rea.dily by :i,l~;,spec;t1,c:r.t. Maps ac-,(,ompanying -:;h:i,s report 

(pl. 1 ~ part 2,. and. p10 2s pa.:ri; 3) repr'!C's6n:t the gensral oomigut"ation 

and a1 tl tude of the piezc-met;t'ic: smfaCle in the area st·udiedo They show 

that the d.epth to the wat,er tacle rar.ges from accut 200 ft in the northern 

NRTS to more than 800 i\ in. -d:le ~out.b,6as't,e:.r:n pa.rt near Twin Buttes 

(plo 2) 0 

The a.1titttd.t;! of 'lCne wa<:€!' ta."t:le lange:-S frGrD. abcut 4,580 :it abo'lJ"e 

msl in ths oorth6rn Pa7't of t:he S toe. t,ion tc a.bou t 4, 405 f t, near the 

southwest corner (pI e 2) 6 The water-table oont-o'lr:l'} 0::0. plate 2 represent: 

the generalized. al ti t;ud~ and c;on:fig'Ul"ation of the wa,t,er table throughout 

the NRTS in April 19530 Maps fer other times! 60ms m,onths spart t are 

included in appendix 2. (1'11':<. 1 alia. 3). The maps are 'broadly generalized, 

being based en ncns:l:.mul t,ar~e:::'C~ measu:r'smeI1i;~ ~,n vdd61y ~:pa::led. wells and 

test holes 0 EaCh rep:rese.tL': s an a,:,,'s:rage ';C': 1:i.dJ. 'tic!:. whi:::h ~ s !"eaeonably 

eorre~t for the ~S as a wh~16 but is not ~~~re~t in pinpoint detail. 

The maps are 'l.Setul and satisIac;tcl"Y so long as their limi tat10ns are 

recognized. 

Most of the meas'tlI"ements en wh:i Clh the Clontour maps are based were 

made on the days or in t:he m,:.nths sper.:ified on the maps, but a few were 



GENEBAL CONDITIONS OF OCOURBENCE 

The Snake River basalt~ which underlies all but a few square miles 

of the northwestern part of the Station, is the only reliable aquifer 

from which large amounts of water can be obtained. peremially on the 

NmS. The thickness of the basalt is believed to be at least 2,000 feet. 

but it 1IJS:I' be considerably more. 

The ground water beneath the NliTS is largely unconfined. in a 

regional zone of saturation. Locally, the vater is q'llaSi-artesian, and 

true artesian conditions may prevail at some places or at great depth. 

Perched ground water occurs at some places in the northwestern part of 

the Station. An artificially created perched zone of saturation is 

present in the Vicini ty of the MTB. plant. 

The depth to the water table (normal. pressure surface) in an aqui­

fer can be measured readily where the aquifer is tapped by wells t test 

borings, or other openingso The general form of the water table co~ 

monly is represented on a map by isopiestic lines. These are lines 

drawn on the pressure surface, connecting points of equal altitude, and 

control is obtained biT direct mea~urements of water levels in wells. 

The accuracy of the map depends upon the number and spacing of the wells 

and the time and accuracy' of the measurements o 

The depth to the water or pressure surface at aJJ.y' point is the 

difference between the land~surface altitude and the altitude of the 

isopiestic line at that pOint. If land-surface and watel"-table contours 



(Ar.a1.yses 11Y Uo So G-ec;lc·gjJ>a.l Si,w?",yar;,d,. loab(l Agric:u1t'lIt'al 
E..'q:)€:;:::'imsni St,a.:t;~ ~:OIl. Pa:t""'::; 'D6:!:" m:iJ,licn s e1~?epi; where' noted.. 

~ (. t.rJ.e:rw-:l se 0 ') 

Loca:i;;io~, 

Date of col1e~tlcfi 
T ' 1'"-",, empera,t;'t::re \, ~l:) 
Silica (S:t02;) 
Iron (Fe) ~ 

Dil:isol"lsd. 
Cald um (elf.) 
Magnesi um (IJig) 
Sod.:i um (Ha) 
Pota.ss:1,um (K) 
Bica.rbona:t;e; (ROO:» 
Sill'ate (504) 
Cblorl.de. (01) 
Fl:u.oride (1) 
Nitra.te (NO,,)) 
Total dissolved solidsg 

ppm 
Ton!:! pel" at:"=f t 

Rardnes~ as CaCO~: 
-' 

1 mile nc:rtb 
of A:t;;:r:;' 

252 
4".< 

.J 

.~ 

I 

Ho:rthwest of 
CPP a.:!'sa 

9/8/51 
68 
14 

~Oit 
L,::;, 
«I-~ 
,d:' 
11 

24 
6.6 

0) 
coo 

216 

361 
8(\1 

CUSTER COUNTY 
AtM~ 

3g 
10 
5·7 

10.9 
139 
19 
9.6 

125 
11 

290 


