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PREFACE -

This geperﬁ ombodies resulis of the work of many people in addition
to the auvthors.” They contribuied much fleld and laboratory work,
preliminary notes, suggestions and, most important of all, ideas. Also,
they helped with the writing of eariier special reports which have been
used as reference material. Special recognitior is due to the follow-
inz members of the Geocloglcal Survey: J. T. Barraclough, Morris
Deutsch, F. E, Fennerty, K. E. Fowler, J. R. Joneg, I. §. McQueen,

Alan E, Peckham, Rex O. Smith, H. E. Skibitzke, C. V. Theis, V. I.
Travis, and P. T. Voegelli. The authors are grateful to these geologlisis
and engineers for their help. Some of them are co-authors of paris of
this report, as indicated in the table of contents. All sections not

otherwlse credited, were written by the senlor author.
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GEOGRATEY, GEOLOGY AND VATER RESOURCES OF THE

WATIONAL REACTOR TESTING STATICH, IDARD

- PART 3. EHYDROLOGY AND WATER RESOURCES

By R. L. Nace, J. ¥W. Stewar®, W. G. Walton and cthers
INTRODICTION
PURPOSE AND SCOPE OF REPORT

This report dsserires the hydrclogy end evaluaiss the water

1

resources of the HETS, sels vhess in tneir regional perspscetive, and
forecasts conditions and sifests during fubirs years.

The groun&»wa ey yield of the Snake River Pisin from the area

B et P —

sast ¢f the Hage'ﬂ’mm Vallev lexr&ee»&ﬂ 5, OOO zfso Tnis water is dism.arge&
through large springs in the valley of the Snake River, of which the
Hagerman Valley is & part. Weter wells on the HRTS %ap the same body
of ground water that feeds the springc. Immagze from the wells is a
very small percentage of the weter yield of +he plain, and the aquifers
beneath the NRTS are capsahle of ylelding many iimes the amcunt of water
now pumped. Nevertheless, the water demand of the NBTS is bound %o
increase and the incresse may be large. Therefore, 4t is desirable to
know the potentiasl perennisal yield of aguifers beneath the NRTS. An
estimate 1s derived in this repark.

Yearly withdrawals of ground water are large in many parts of the
Snake River Pizain and i sdjiacent valleve, chiefly for irrigation.
Purpege for indusirial and punlic water supplies and for stock and
rurel domestic use slsz iz substantial. In $he Hagerman Valley, water

1



is diverted directly from springs to generate hydroelectric power. Use
of ground-wabter on the Snake River Plain has increased markedly since
1946, and by 1965 developments on the plain will require pumpage of about
25 pet of the perennial ground-wabter yield of the area. Consumpiive
depletion, chiefly by irrigated erops, may be on the order of 15 pct of
the %otal supply. If the water requirement of the NRTS increases greatly,
the Station will compete directly with other water useré within 20 years,
if not sooner. In some parts of the plain, water developments already
have created Iocal conflicts of interest.

These few facts about the water outloock are sufficient reason for
the interest of the Commigsion in the quanitity, occurrence, source,
movement, and chemical quality of the ground water. The regional hydro-
logic relations of the water beneath the NRTS, the mutual effects of
water use by the Commission and by others, and the wltimate or stabi-~
lized water regimen that may bDe sxpected on the Snaks River Plain are
among the more important factors in the waber situwation. The public~
health hazard that may be created or threatesnsd by routine waste dis-
posal or by an accident with radiocactive 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 plaing-
wide. The problem, there:f‘ore,‘is regional, and certain sections of this
report deal with the large plains area bounded approximately by the Snake
River on the south ard west from Blackfoot to Bliss, by the Mud Lake
basin on the east, and by the mountain complex of cenitral Idaho on the
north (fig. 1; see also pl. 2 of pt. 2). The land area so c;.rcumscribed

comprises about 8,000 gq mi.
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FIELD AND LABORATORY WORK

The grouwd-water geoclogy and hydrclegy of the NREIS was studied
conzurrently with the geclogic work described in part 2. Geologic
mapping and stody of basalt oubterops helped te delineate the water—
bearing properties of the basalt. Test drilling aided the delineation,
Fielded informetion ahout the oscecurrence of grourd water and the posi-
tion ard configuraticn of the wabter tahle, and provided a mebwork cf
observation wells.

Study and description of the gensral ground—water geclogy of the
NRTS was assisted by Morris Desuvtsch, J. B, Jenes, R. 0. Smith, P. T.
Voegell, and S. W. West. R. C. Carscnx, Bugene Shuier, and H. G. Sisco
made most of the water-level measurements. J. T. Barraclough studied
the discherge of the Big Lost River and made most of the direct measure~
ments of discharge. A recording gage near c¢ld Pioneer station is
operated by the Geclogical Survey, and anrusl reports on the stream—
gaging have Peen prepared by Wegme I. Travis., Labsratory work in Idahe
was chiefly by I. S. McQueen znd J. W. Stewars, assisted by other members
of the Geolegical Survey. Work at the Denyer Hydrologlc Laboratory was
supervised by A. I. Johnsen, engineer in charge. Geochemical and gec~
physicel field experiments on ground-water behavicer were by E. E.
Skkibitzke, assisftied by A. E, Bobinson, both from Phoenix, Arizona,
Chemical analyses of water were made in Geclsgical Survey laboratories
at Salt Lake City, Utah, and Portland. Oreg. Radiometric anzlyses of
water samples were made in the Washingteon, D. C. laboraitories of the

Geological Survey.



WELI~NUMBIRING STSTEZM

The well-numbering system used in Idaho indicates the locations of
wells within the official rectangular subdivisions of the public lands,
with reference to the Bolse baseline and meridian. The first two sege
ments of a number designate the township and range. The third sezment
2ives the gection number and isg followed by two letters and a numeral,
which indicate the quarter-sectlon, the 40-acre itract, and the serial
rumber of the well within the tract. Quariter sections are lettered a,
b, ¢ and 4 in counterclockwlse order, from the northeast quarter of
each section (see diagram). Within the quarter—sections UO-acre tracts
are lettered in the same manmner. Well 2N-31E~35dcl is in the SWRSE:
sec. 35, T. 2 N., R. 3 E., and is the well first visited in that tract.
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Hydrelogy, the science dealing {vi’ch vater, is concerned chiefly
with water in i%s course from the place where it falls on the land %o
vhere it reasches the sea or ls returped to the atmosphere. The hydro-
logic cyéle consiste of & general circulation of waier from the sea
into the atmosphere, onto the land, and back to the sea. Ths major
cycle contains many subcycles. Geologic and physiogrephic factors are
twe of the principal natural envirommental factors that affect loesl

and regional subcycles.

HATUEE OF THE CYCLE

Some precipitation is irtercepted by vegetation and other obhstacles
and is re-evaporated directly; some evaporates from the land surface and
from lekes and ponds: some rums off at the surface; and soms become soil
moisture and ie {transpired by plants. Ground-water recharge occurs only
vhere and when the supply of water exceeds the amount disposed of by
these processes, vhich have, in effect, a prior call. Water in the zone
of saturation does not remailn there forever but migrates inexorably
through various enviromments back to the sea. -

The water supply on the Snake River Plain is perennially dependable
only because it is replenished, directly and indirectly, by peremnial
precipitation. Precipitation on the plain and its tributary areas is
derived largely from molst air masses that move in from the Pacific and
Arctic reglons. Mountain barriers between the plain and those regions
vring most of the water from the air masses before they reach the plain,

vhich is in their rain shadow. Water that is not consumed on the plain
leaves the area through the Snake River and by ground-water underflow.



The Snake River is one of the most thoroughly regulated streams in
North America, bubt additional regulating works are under construction,
are authorized, or are planned. The surface-water supply upstrsam from
Bligs probably will be in full use within 20 years or less.

The Snake River Plain is the gathering ground for surface water and
ground water that orliginate within an area much larger than the plain.
The growund water, most of which is in the Snake River basalt aquifer, is
the only abundant and thoroughly dependable water supply that is directly
available to the NRTS. Some surface water runs into the Statlon and con~
tributes soil moigture and ground-water recharge by seeping into the
ground, but there is no "through-goingh sui'face drainage. Relatively
little ground-waiter recharge occurs from precipitation directly on the
plain, and wderflow from more distant sources is the chief means of

replenishment.

PRECIPITATION AND IVAPORATION

Precipitation ranges between 6 and 8 in. on the central part of the
Snake River 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 about 16.2 in. at Ashton and 8.8 in. at Bliss. Precipitation in
mach of the area barely suffices to supply the scil moisgture 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 i% falls. Y



Parts of the bordering intermouniasin valleys recelive somewhat more
precipitatics than does the plain, Tu® some valleyrs ere nearly as 4ry as
the plains For example, presipitaiticen is 15,3 in. at Heliley and 14,1 in.
at Bill City, bui it is enly about 7.3 in. at Chellis znd $.3 in. ab

Mackay Ranger Station. On the higher meunteins in aress tridbutary to the

o5

Snake River Plain, precipitaticn falls largely as znow dn;ing September
through April and the wsier eguivalent probably ranges up %o 35 in. or
nore. The seasonal pabttern of precipitation on the plein differs from
that in the meuntelins, midsummer teing the time of hesviest presipitation.

Summer is als¢ the time cf kigher tamperaiure and lover relative humidity,

vhich cause relatively rapid eveporatlion and trenspiration.
RUKOFF AND INFILTRATION

Certain regional peculiarities abouk runcff are decisive factors in
the hydrclegy of the Sneke River Plain, especially the ground-~water
hydrology. Precipltation directly on the plain ylelds practically no
exterior runcff, and neerly =11 the water evaporaites or enters the
ground. Precipitation generates congidersble runsff in mountains north
of the plain and some of the water later sinks into the ground and
reaches the plain by undserflow. Water that reaches the plain at the
surface sinks ints the ground around the edges ¢f the plain. Thus,
unconsumed swriace water from much of the tributary area is a source of
replenishment for ground waiter beneath the plain.

The Snake Ritver, the mainsten surface drainasgewsy cf the plain,
derives some milliens of acre-feet of runeff yearly from the mountaing

of eastern Idaho and northwestern Wyeming. In recent years, however,
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owing to regulation and =uss of ths rivser water, the average discharge
past Milner Dam {%he irrigation-diversicn siructurs farthest downsiream
in Idahec) was only aboub 1.5 millizz asre-fsss ysarly, and in a fow of
the years no water spilled pss% Milner Dam. The waiter diverted for
irrigation is used and reused one to soveral times on the iﬂaﬁ.n, The
net consumptive use by evapotranspiration on orop lands was not calcu
lated, but a2 large unconsimed residual wvolwme of the diverted surfage
water enters the ground and recharges the ground water,

The water-bearing, permeabls Snaks River basalt rests on nonperme-
ables older rocks whish zrop oub along ths eagh wall of the wallsy of the
Snake River betwaen Milner and Bliss at many places above the level of
the river, Ground water is discharged at the surface in springs along
the top of the basement rock, which forms a natural dam over which the
water gpills, The yield of the springs is an approximate measurs of the
unused ground-water yield of the dasin to the easi~~currantly about
4,000,000 ac=ft a year, which is about 30 pet greater than the estimated
vield before irrigation was begm. Thus, about 30 peds (1,200,000 ac=fh)
of the water now discharged bty the springs probably is unconsumed irri-
gation water. In the natural water regimen, all surfacs water yielded
by valleys tributary to the north side of the plain formerly reached the
plain and became ground water o‘ Now, however, much of the tridbutary
surface water is congumptively used by irrigated crops. Ground-water
rechargs from those sources decresased concurrently with the increase from
Snake River water. The regimen is complicated alsc by large withdrawals
of ground water from wells east of the springs. ZFor these ;;asons the

aggregate discharge of the springs does not represent the perennial gross
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growmé-water yiald of tus 1 - mmount of ground-waber

recharge, The disghasrge iz 3 pnLy el vhe unused ground-water

Fl

suply.

SURFACT WATER

Very 1little weter sniters the Statics vy sorface inflow, and no water

leaves the WRIS br surface cuiilew 7 ziner lecsl slope runcff.

The named drainagewsays incs the ¥uo Logt River, the Little

<

Lost River, and Bircl

sermerul Arelvags fvom feothilis fe the

nordh occasicnally rwe The {spvion. Lo the Big Last River regue

larly delivers weter wishin the Swation bowmbarles.

The recerding-gege shiation un the Iig Lest River below Arce is about
Y mi southeast of the %uwn in vhe FWis#d ez 17, T. 3 B., R. 27 E. The
station designation fg YEiz Low® EBiter noar Avse, Idahe". Special study
of river discharge was “ﬁ‘&f tmunereis feon isbe in 1951 through the
early part of 18%35, Several series ol dirvfé msggurements were made at
the gaging station and dowmairear st %“ern tomporary measuring stations
along a H0-mile reach ¢f the river chanme!. Their locations were shown

on the geslogic map {(pi. i, p. 2.

Regiman of 1

sns UETT Jloer indtermittently. Within
historic time, the river has discharged e coneldasrabtie valume of water

ente the plain, Tur for many verrz "mwotrean gvorage and ddversion of
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water for irrigation have drastically curtailed runcff %o the plain.
Mackay Reservoir regulates the river above Areco, and irrigation diversions
above and below the regerveir deplete the flow.

"0ld=timar® inhabitants of %the area report that during seasons of
high runoff in former times the river commonly reached the firgt and
second Big Lost River playas east of Howe. Few people have seen ponded
water in the third and fourth playas. The late George Walker,y a
regident of the area from 1882 to 1951, saw "the waters of Birch Creek
and the Big Lost River mingle® several times in the fourth playa, but the
Big Lost River probably has not reached the fourth playa since the turm
of the century. Water has reachad the first playa in substantlal amount
in many years—-1921, 1922, 1923, 1927, 1938, 1943, 1ok, 1947, and per-
haps othereg/ o In 1943 Mr. Crandall observed water extending along the
outlet chammel from playa 1 toward the second playa, dut he believed that
no water had reached the second playa since 1918, The first and second
playas contained ponded water during part of 1952. Water reached the
first playa again in 1953,

The four playas in the northern part of the NRTS are connected dy
shallow chammels. Playas 1 and 2 are in the northeastern part of T, 5 ¥.,
R. 30 B.; playa 3 is in the south-central part of T. 6 N., R. 31 BE., and

playa 4 is 4in the northeastern part of T. 6 N¥., R. 31 B. (pl. 1). The

1/ Oral communication, 1951, According to Lynn Crandall, Snake River
Watermaster at ldaho Falls, Idaho (written communication, May 1,
19%52) 1t is said that Birch Creek and the Big Lost River mingled in
the "lower sinka® in 1894, .

2/ lymm Crandall, written communication, May 1, 1952. -
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piayas were flooded repeatedly during recent geclogic time, and they
contained pondsd water during periods sufficlently long that distinctive
ghoreline and offshore physiographic featwes developed. Climatic change,
probably including reduced precipitation, msy have reduced runcfi during
reletively recent geologic times.

Howadays, the small amount of water discharged past the gaging
station near Arco during most of the yeé.r is dissipated by evaporation
and seepage within a few miles below the station. The chammel ordinarily
ig dry below the cld diversion dem in the XRTS in sec. 5, T. 2 K.,

R. 20 E. During pericds of raised rumeff, water someiimes reaches the
crossing of Highway 20 in gec. 33, T. 3 ¥., R. 29 E. A%t still higher
runoff stages, the river extends seversl miles farther downstrean, as it

did late in 1951, 1952, and 1953.
Discherge at Station Below Arco

* The records of daily discharge past the gaging station are publighed
amuallyy . High wind, channel moss, and ice wers mingr disturbing
factors at times during the period of record. In general, however, the
daily records probably conform to usual standards of accuracy -— that is,
within 3 to 5 pct. Table 1‘ shows the maximum, minimum and mean yearly

discharge at the station during 9 water yearsg'/ of record. -The mean

1/ U. S. Geol. Survey Water-Supply Pepers 1093 (1947), 1123 (19u8),
23 (1949), 1183 (1950), 1217 (1951), 2247 (1952), 1287 (1953),
7 (195%), and 1397 (1955).

g/ By convention, any water year begins on October 1 of the preceding
year. The 1947 water year began on Oct. 1, 1946,

11
13
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discharge during the S-year period was 58,4 ofs, Hydrographs for each
year of record, tabulabtion of mean dally and moanthly discharge, and
records of misesllanesus meagursmnents of disgcharge at the temporary
measuring stations below the gzge are =2omitained in figurss 1-9, and
tables 1 and 2 of Appendix 2. The msan annual and mondhly discharge of
the river during the pericd of record is represented graphically in

figure 2.

Table l,~~Maximum and miniminm instantaneous and yearly mean

discharge of Biz Los® River belew Arco, 1947-55

Magimum Minimm Mean yearly
Year Date Cfs _ Dats Cis Cfs Acre-feet
1947 6~ 6 285 &-12, 13, 19, 20 28 83,3 60,260
1948 615 171 520, 21 3.0 37.0 26,870
1949 6= 3 237 57 9.9  32.6 23,620
1950 Y 3 102 5-22 501 25,0 18,127
1951 & 6 272 - af 39.6 28,6u9
1952 6-11 698 &2% 36 17 124,310
1953 6=17 251  5-il, 16, 18 16 80.8 58,470
1954 1-23 /g5 59, 10 6.0  39.4 28,530
1955  10-31 B2 62 o5 16.9 6,17
1947-55 6-11-52 698 6~ 2=35 2.7 584 41,669

a/ Yot determined. Estimated minimum daily flow of 10 ofs Jan. 28
to Feb. 2.

b/ Maximum mean daily discharge.

¢/ Minimum mean daily discharge. .
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Figure 2.— Annual and monthly mean discharge of Big Lost River below Arco, water years 1947 ~1955.
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Discharge 4in 1951

?recﬁ;yi'&;ation in July and August 1951 and 1952 exceaded ¢the ncrmal
amownt in much-of southeastern Idshe (table 2}, During those months in
1951, precipitation coourred chiefly during a two—week period. About
two inches of rain fell eon hugust 3 in less than an hour during a
cloudburst on hills mear Arcu. The main irrigation-diversion canal
below Macksy Tanm was cverloaded and breached after the cloudburst;
seversl lateral canals and ditches failed, and the canal headgate had
to0 be closed. VWaler from the breached cansls, undiverted water in the
Bigz Lost River, znd flash rumeff flecded thousands o¢f ascres, including
the town of Arcc. At the gaging station belew Arco, the river rose
sharply on August 3 (fig. 3), reached a pesk on August 6, and returned
to normal on August 19. The storage level in Mackay Reserveir, about
20 mi, above Arco, was high, owing tc umugually high runoff late in
July and early in August. Because of disrupted diversion works upsiream,
an unusually large amcunt of water was released from Macksy Dam, and the
discharge below Arcc reached a sescndary peak about August 28. Afier
September the discharge rate fluctuated in a gradually rising trend
until early November, after which it leveled off until early in the
spring of 1952, During several monthe thereafter the discharge 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 Bureqﬁ7

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

1991 1952
July ' Augus$ July Avgaah
T N D T N D T N D 7 N D

Aberdsen Experiment

Station 0.53 0,50 0.03 1,10 0.42 0.68 0.08 0.50 -0,k2 1.23 o0.hz 0,81
Areo - - - - - - 1.24 55 .69 .28 O -o32
Blackfoot 25 66~k 1,11 B4 M7 .28 66 .38 29 b4 -.35
Chilly-Barton Flat 2.27 60 1.67  3.17 W95  2.22  1.30 .60 .70 A5 oG =50
Grouse 1,24 T1 M7 .86 .82 o .79 oT7 02 1.67 082 -85
Hamer 1.84 M7 1,37 B.22 .80 342 1.17 M7 .70 5L B0 —oF9
Idaho Falls .22 b2 -0 2,43 59 1.84 .07 62 =55 .53 53 =06
Mackay RS 2,31 85  1.46  2.71 .78 1.93 1,83 .85 98  1.69 .18 <91
Reactor Testing

Station - - - - - - 1 - - «29 - -

8T
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Figure 3.—Mean daily discharge of Big Lost River neor Arco, idoho, April 1951 to September 1952.
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By the time repairs were made to hreached canzls in the Big Lost
Biver Velley, the main irrigation season was past, the gitorage level was
still hig¥ in Macksy Reservoir, and there was no need o divert or store
much waber for'irrﬁig&‘eiano The river below Arce continued tc discharge
more than the normal amommt of water during the rest ¢f 1951 and the
first half of 1952, ard weter extended far down the channel through the

NETS.
Discharge in 1952

The discharge of the river below Arce was above normal during mosé
of 1952, the year having the highes?® mean dally discharge rate in the
G years of record. 3Before 1952 the maximum discharge was 285 ofs, on
June 6, 1947. That amount was exceeded cn 5% days in 1952 and a new
meximm of 68l ofs oecurred on June 1i. Ths high runoff was derived from
the melting of wmususlly heary srow thet esosamulated on the entire water-

shed from December 13951 #hrough Februoary 1952,

Percslaticn from the River

The relation of the Big Lost River tc the water table in the
vicinity of Arco and upsiream from there changes from time to time and
place to place, but the river gains in azgregate flow from effluent
ground water. Downstream from Arco the water %able drops seme hundreds
of feet and the river is perched far abeve it., Practicelly ncthing is
known about perculation icsses between Aroo and the gaglng station
below Arco. Below the gage, losses were measured while the discharge

was high in 1951-52. The losses meagured indicste the magnitude of
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infiltration rates in materials like those in the channel of the Big
Lost River, and infcrmation about the ratss may be useful in planning
the dispogition of iiquid wasis in the ground.

Prom 1951 to 1953 nine se%s of dizcharge measurements were made
along the main channel of the Big Los% River, and inflow and outflow in
the playa arsas were measured. Water wasg ponded in three of the four
playas in 1952, and the seepage losses in the playas were computed.
Throughout the gravelly part of the flood plain, the river bed is
permeable and the loss of water by infiliration is proportionately large.
The flowing reach of the river extends far into the NRTS only when the
discharge exceeds the seepage rate through the channel deposits. Also,
the river 1s able to extend ii%s flowing reach, when runoff persists
long enough for seepage water 4o saturate the sediments beneath the
channel. On August 2, 1951 water extended along the channel to a point
sbout midway between the abandoned diversion dam on the NRTS and the
bridge on Highway 20. Following the cloudburst and canal failures of
August 3, water extended a short distance below the highway bridge on
Avgust 4; beyond the Lincoln Boulevard bridge in the NE} sec. 2U,

T. 3 ., R. 29 E. on August 6; and to a ford on the West Monument Road
in the SW% sec. 3, T. 4 N., R. 30 E. on August 9. A trickle of water

flowed into playa no. 1 on August 31.

Channel Losses

The surface areas ¢f measured reachss in the river chanmel
(table 3) were computed from stadia measurements of stream-ehannel cross

sections at half-mile intervals. Linear channel distances wers scaled



Irom serial pholcgraphs. The rates of 4nd
(table ¥ and 5} were computed frem discharge meagurements and avrea

cemputatibns. No corrseticn was made for evaperation from the water
surface because, in the mezzured sherv narrsw segments of 4he giream

channel, evaporaticn was negiigitle in proporiisn to cther ssurces of

'y

errer in the data. 4 correzticn feor evapora“icn loss in the playa area

was made because the leogs was sppreciable uners,.

Table 3.~-Dimensicons and areas of measursd rezshes of the Big Lost River
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g./ Reference point chosen erbitrarily, 0.8 mi gheve gaging starion.

b/ Horizontal ares of water sarfars: pi- rie sl:pe area of the channel.
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Table Ut.——Averags infilira®ion raves in Biz Lost River below

zration 1, 13%51-52

Data efg 24 RS TEa gpd/ e

Avg. 16-17, 1951 63.59 5,521 0.677 5.1
Aug. 30-31, 1951 70.3 6,070 . T4o 5.6
Sept. 13-14, 1951 96.3 8,320 .980 7.4
Nov. 2-3, 1951 65,8 5,690 697 5.2
Apr. 30-Ma& 1, 1952 111 9,600 1.18 8.8
May 22-24, 1952 130 11,200 1,38 10.3
June 30, 1952 g0 7,780 955 7.2
Sept. 15=17, 1952 5004 .350 534 4.0
Apr. 8-10, 1953 22,8 1,970 242 1.8

Average 0.820 6.2




Table 5.~-Average infiltration rates in measured reaches of Big Lost River, 1951-5%

Wotted area

. : al Total se 8
oo g (o fropmpsmsge & R
Sta. 1-2 13.5 71,280 3,120 0,414 3.1 10,580 .
Sta, &-3 5olt 28,510 1,112 710 5.3 5,920
Sta, 3=l 2.3 12,140 4o 1.20 9.0 3,960
Sta. 4-H 4,7 2L, 820 820 1.2% 9.3 7,600
Sta. &6 4.2 22,180 512 2.52 18.9 9,630
Sta., 67 3.6 19,000 676 «289 2.2 1,460
Sta. 7-8 5e7 30,100 1,140 9% 7.4 . 8,380
Sta. B-) 2.4 12,670 374 1.11 8.3 3,095
Stz, &-6 16,6 87,650 2,886 1.15 8.6 24, 800
Sta, 69 11.7 61,770 2,190 266 T2 15,600
Sta, 1-% 39.5 208,500 8,147 -820 6.1 19, 800
Sta, 1-9 1.8 220,700 8,504 69 5,2 44100

3/ The azcumulative totals of lines 1 te 8 d3 wob sgres with the covpound tetals im linea

9 ta 12 because no measursments were simultanesus and the compound totals are
from averages on days when the stage of the viver differed from that on days
vhen 3single segments were measured. Nevertheless the tokals cerrsctly show the
genaral magnltude of seepage losses.

&2
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The rates of infiltration along the river chammel were quite uniform
until the time of the measurements on April 6~10, 1953, when the discharge
rate was moderate. At that time the infiTtration 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. Silting of the channel may have
reduced 1ts permeability, and prolonged seepage may have saturated a
considerable volume of gravel beneath the river bed and decreased the
subsurface hydraulic gradient away 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/ft? (18.9‘gpd/ft?)
(see table 5). A general direct relationship between river stage and
rate of infilitration is shown by a plot of the data in table 4 (fig. M4).
The maximum observed aggregate rate in the entire reach between stations
1 and 9 was 10.3 gpd/ftZ on May 22-24, 1952, when the discharge at the
gaging station was 130 cfs. The minimum was 1.8 gpd/fta on April 8.10,

1953, when the discharge was 22.8 cfs.
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ration ares in the

s“"

The average Gepth of water over ihe infil

channel, approximated from inspection cf pledied cross-sections, was
about 1.34¢%. Upstream from staticn 2 the channel of the river is cut
chiefly in basélt; between stations 2 and 6 it ig chiefly in gravel:
downstream frem station 6 the bed is sand and silé. L4 correlative
change is apparent in the grade of the channel {fig. S). The aversge
grade is 1.5 pst above station 2, 2.1 pdt, betwsen shations & and 7

and 1.1 pet belew station 7. The steeper slopes induce higher water
velocity and greater leasl-sarrying cspacity. The sTerage rate of infil-
tration betwesen siaticns 2 and © was much higher ihen the rate below

station 6, and of course higher than the aversge rate in the entire

segment, stations 1 %¢ 9 (tadble 5),

Summary

The average rates of fnfiltration in sirnsgle reaches ranged from

0.289 tc 2.52 cfd/ft2 (2.2 i 18.9 gpd/f+®). During the different
pericds of meagurement, the average infiliraiicz rate in the vhele
4o-mile gaged segment varied from 0,242 to 1,38 cfd/fi° (1.8 to 10.3
gpd/ftz)e The average of the aTerages for the nine series of measure~
ments was 0.82 ofd/£t% (6.2 gpd/£t2), which is more representative of
the average rate of infiliration during the periocd.

Increasing discharge eaused a propariicnal insrease in the %total
volume of seepage and in the average rate of infiltration per unit
area of river reach, be~atge both the hydraudiic head over the infil-

tration ares and the surface ares itself increased with rising stags.

Continued infileration prabebly indused tempsrery perched zoneg of
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saturation which were con®inuous with the river at places in the ground,
which tended %o reduce the losses. Entrapped air in ths ground also
impeded infiltration. The water was comparatively shallow in mosb
sections of the channel; higher rates of infilitration would occur with

greater depth of water.

Percolation in Playa Baging

The rates of water loss in the Big Lost River playas were measured
when they contained ponded water in 1952 and 1953, The discharge through
inflow and outflow channels of three playas was measured, the total water
logs in each plaja was computed, 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 Biver Flain at Aberdeen, Jerome, and Milner
Dam. The infiltration rates ranged from 0.719 c£fd/ft2 (5.4 gpd/f+2) to
0.058 c£d/ft2 (0.4 gpd/fs7), and the average loss in the three playas was
0.308 c£a/f+2 (2.3 gpd/f+2) (%able 6).

The ratio of the infiliration rate to the depth of pondsd water in
the playas varied considerably between playas and between the different
times of measurement. The dspth of water directly affects the rate of
infiltration, but other fasgtors also are important., Soms of these
factors were the length of itime the playas were wetted, the nature of
the underlying sediments, the %time of year, the temperaturs, and the

relative humidity.
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Playas 1 to 3 are unierlain by alternaie laysrs, a few inches %o
several femst %thizk, of fine sand, silty sand, and clayey siit., Pebdble
gravel ccours in the central part of playa 1 bensa®h a thin cover of fine
sediment., The upparmoasi laysr of sediment bensath the playas at many
places is a crusted layer of gilt and claysy silt. Ths vegeial cover is
sparse, consisting of scrubby desert ghrubs and grasses. 1t was not
practical to measure the depih of ponded water in the playas during the
periods for which water losses were computed, dut the depth in par¥s of
playa 1 was 5 %0 6 £3%, I:; other playas the water at most places was
only a few inches dsep.

Most of playa 1 is in ée@so 2 and 3, T. 5 N,, R, 30 E., but a small
part is in sec. 34, T. 6 ¥., R. 30 E. The maximum area of ponded water
in the playa was about 287 ac (about 12,500,000 sq £%), at which stage
some of the water gpilled eastward into playa 2. The gross rate of water
loss varied from 0.317 cfd/f+% (2.3 gpd/£42) to 0.738 £d/2t2 (5.4
gpd/£%2), and the average was 0.469 «£d/T%2 (3.5 gpd/f%2).

Playa 2 1s in ses. 2, T. 5 N., R, 30 E,, and a small part of seec.
35, T. 6 No, R. 30 E. The maximum area of ponded water in the playa was
about 92 ac (about 4,020,000 sq £3), at which stage water spilled easte
ward in an overflocw channel tcward. playa 3. The gross rate of water
loss varied from 0,103 cfd/ft2 (0.6 gpd/f42) to 0.68% e£d/£42 (5.0
gpd/£%%), and the average was 0,309 ofd/£32 (2.3 gpa/£t?).

Playa 3 is very irregular in form and lies in seg’s U and 5,

7. 5 N., R. 31 E. and see’s 26, 27, 28, 32, 33, and 34, T, 6 N., R. 31 H.

Ths total playa area is about 800 ac, dut the maximum area under water
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in 1952 was aboub 555 asn. An ouilet channel extends narthesstward to
playa Y4, which is the terminus aise of the Birch Creek drainage from thé
north., Weter did not spread into plays . The infiltration rate in
playa 3 vas '.‘i.es's than in the cther two besause the materials in its
floor ere less permeable., The gross rate of loss ranged from 0.08C

c£a/£52 (04 gpa/ft2) to 0.210 c£df/£12 (1.4 gpd/f42), and the averags

wes 0,147 of6/£¢% (1.1 gpa/ee®).
LITTLE LOST RIVER AND BIRCE CREEK

The Lit%le Lost River spilis inte iic playas basin adjacent to the
FRTS each spring, except in very dry years, tut ne surface flow reaches
the Station. Practicslly all the water in Birch Creek is diverted for

irrigation in wpsiream areas and very 1little runeff reaches the Station.
LOCAL RUNOFF

Ephemeral runeff from the foothills bordering the NRTS on the
northwest reaches the Starion at times bub rarely extends beyond the
edges of the allurial fans at the foot of the mountain slopes. Numerous
short, ephemeral dralnagewsys are scattered over the rest of the Station,
where they drain from local slepes onte flats and small playas.

Many small playas are scattered through the NRTS (pl. 1, part 2),
ranging in area from less than en acre t¢ a few tens of acres. These
recelve sphemeral local runcff and cocasionally contain ponded water.
Many of ther conitained ponded wabter duxring thawing of an unususlly heavy
snow cover late in February 1952. Rye~CGrass Flat, the playa Jjust east

of the junction of U. S. Highway 20 and 26, was covered by sbout 5 £5 of
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water, and a playa 2 ml north of the highway junciion was covered by

about 2 £% of water.
FLOOD AND EROSION HAZARD

The flood hazard on the NETS is relatively small, 3Birch Creek
reportedly has not discharged water onto the Station since about 189%4;
it is not likely that much flood or freshet water originating in the
upstream area ever will reach the NRTS. A local cloudburst might pro-
duce heavy flash discharge and that possibllity should be considered in
construction plang. Cloudburst drainage across the alluvial fan of
Birch Creek, which extends into the northeastern part of the NBRTS, would
spread out in distributary channels and might form a sheet flood. 4
structure, such as an air strip with its long axis transverse to the
direction of flow of the water, might be irmndated and littered with
debris at places,

The Little Lost RHiver terminates in a small playa near Howe, out—
side the NRTS. That area is topographically low, and the possibility of -
flood water spreading beyond the playa 1s remote. In the event of a
catastrophic flood, spill from the filled playa would be toward Big Lost
River playa l.

The Big Logst River is a more ;!.mminent flood and erosion hazard.
Althoungh the river seldom discharges much water as far as the bridgs on
Highway 20, it has reached thers and beyond to the first playa in at
least 11 of the years since 1920, and perhaps in more. The'comb}nation

of circumstances that increaged the discharge greatly in 1951~1953 may



recur. Luring the bigh romelf pericd of 15952 the river reachtied nearly
full-channsl capacity &t some places, Fgiluve of Mad Dar would
= E
P
unleash a sericts fioed,

From the rate of infiltration above the smallier channel sechions
that have been survered, we estimabte thei disdharge a8t the gagling station
provably would rise t» VU0 ofs or move before <he constricied lower
reaches of the chaune: and it¢ algtrirutaries wsuld be banefuil., The
twe canzls leading Yo tne viver at the £1d diversicn dam {(station 3)
ars complicating Jerrive, At high Tiver simges water might enter the
canals, eFOSpE Lol fLsn where the Lmmed Lanke are treached LY new road

The mininum digcharge cepacisy

cuks, and spresd cver

¢f the river channel cnuld Te Znsresazed greatly ty nmodifications of

critical secticns ¢f the charsel and barks, Repair of diversion works
and canals would help Yo contrel large fiwids besause, above the
diversion peint, the river chsnnel 4s inzissd ab mast plases and is
seve%ai times zme large ev tne seoilen of ine chamnel fnet ordiusrily is

of water during a flood

occupied by water. Conirallel sansl
might reduce the discharge btelow the diverswon dam 10 a velume within
the capasity ¢f the channel. Tue possibility and probable extent of

flood damsge, and reasouzble prevenilive measures, cowld be estimated
- #
only after further field sim v

were made ¢f *ne rives charnmel ani old catzis. JThere changes

materially aelter tne runctf sitwation

1/ After the fleld work for this repirt was cozpleted, medificaticns
4
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DEPTH AND VELOCITY OF WATER IN THE BIG LOST RIVER

No specizl study was made of channel erosion or of potential
threats to over~channel structures, such as bridges. Inasmich as the
depth and velocity of water are functions of erssion, however, some data
on the depth and velocity of water in the Big Logt River channel are
sumnarized in Table 7. '

The maximum depths of water listed in Table 7 are the maxima in
cross~sectional areas where discharge rates were measured. They are not
necessarily actual maximum depths in the stream reaches. Criteria for
the selection of measuring stations commonly operate to avoid the deep~-
ost channel areas.

The “average® velocity of the water in a stream section whers a
discharge measurement is made is computed by dividing the rate of dig-
charge by the cross—gectional area of the water in the measured section.
The maximum measured velocity 1s a "representative velocity¥, ratht;r
than a true maximum, because the trus maximum is not determined for dis-
charge computations.

The velocities along the bottom and sides of a channel largely
determine the erosive power, while the variation of velocity in the
vertical columm generally determines the characteristics and amount of

gugpended lecad that can be carried.
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Tatle T.—Eepresentative wvelocities, depine and rates of discharge
of water in the Big Losgt Biver, 1951=R3
[Station numbers refer %o staticns shown on pl. 1, Pavt 2/
'

-

Yelesity (f% ses) .
Station  Dafie kverage  Marimwm aﬁfﬁmfﬁt) Dieeealee
{computed) (measured) s
1 Gell=51 1.99 3.28 1.75 119
5=22-52 316 b2y 3,20 kg3
b=2l=5% 152 2,22 2,50 120
2 Bm23=52 k.12 £.u46 2.,39 19
6~25-53% 1.92 2,46 1 .45 79.5
3 9151 2.7 4,15 1,2k 64,5
Bm23-52 k.e2 €.350 2,50 438
fm25=53 2.38 2,88 1,80 71.2
)3 C-13=51 1.78 2.15 1.36 56.1
f-2e=52 4,06 5,88 2.35 399
5 Gel13=51 2.98 k.06 1.36 TR
5-23-52 3.93 £.99 2030 415
6 81751 1.60 2.45 1.20 19.4
k3052 2.72 - 7,00 236
7 8-17=51 1,34 2,25 -80 14,3
B2 52 2.92 L kg 2.85 376
Ge17-52 1.52 1.89 1018 63.6
8 S“ié"’gl o, 2 1938 e61 6085
3052 2.9u 4,29 3,14 308
9 8-17-51 .62 .76 .62 4. 77

o 3,20 - 3.20 209




USE ARD QUALITY OF SURFACE WATER

Surface water is used on the NETS only sporadically, as for road
construction. The chemical quality of water in the Big Lost River is of
interest chiefly because the river contributes to ground-water recharge.
Table & 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 Creek., The principal dissolved ions in the water from the Big
Lost River are silica, calcium, magnesium, sodium, potassium, bicarbonate,
sulfate, and chloride. The water contains small amounis of iron and
fluoride. It is moderately hard but is suitable in quality for all
ordinary uses. No determinstions were made of the suspended load of

sediment in the water.
GROUND WATER

’// The ground water beneath the NRTS is part of the zgrsat regional
body of water that underlies the entire Snake River FPlain east of Bliss.
The water occupies pores and other volds in the basalt and in sedimen
tary interflow beds assoclated wlith the basalt. It is replenished by
severai processes from numerous scurces, but underflow from adjacent
arsas to the north, northeast, and northwest is the chief source of

- replenishment beneath the NRTS. A small amount of rechargs occurs
»\\ directly from precipitation on the station and from infiltration 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, and this laboratory,
taking into account its procedures and the sensitivity of its counting
apparatus, congiders that the background (netural activity) for beta-
gamma activity is 200x10722 ¢/L (curies per liter).

Applying these criteria, we find that .about ten pct of the sampled
gsources have had at one time or another, somewhat more than the back-
ground level of beta~gamma activity. Less than 5 pet of the sources
have had values of 400x10732 curies per liter, which is only twice the

ubackground. value. The values above background are not only few, but
nonpersistent, for they occur only occasiorally in a serieg of determina~-
tions from a given sourcs.

From the foregoing it appears that the radiocactivity of grouwnd waters
in the Snake River Plain 1s generally low, and commonly it is less than or
barely exceeds the limit of detectability against the background radio-
-activity. A few samples have appreciable activity but it does not appear
to be significantly higher than that of other natural walters from many
other parts of the west; however, valid comparisons with waters elsewhers
cannot be made at present because of the differences in sampling and
counting methods used by the several organizations and laboratories that
are now making measurements of ré.dioactivity of waters.

Ho pattern of levels of activity has yet been detected, though it

would be normal for one to exist. If so, it will be detected eventually.
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to the west and southwest. Temperature readings are not aveilsble for all
seagsons of the year, bub those recorded probably are representative,
becaunse seasonal varistions are small.

Some pumpedv. sarples of water contasined mixitures of water from
several productive zones in which the temperaturss probably differ some-
what. The temperatures of those gamples would not relisbly show the geo-
thermal gradient, but from the standpoint of plant operation they are the
effective temperaturses. In general, higher temperatures occur at greater
depth, but the trend is not very systematic. Agc was mentioned earlier,
wvaters from certain wells near the mowntain front — for example, wells
3F-27E~9abl and 3E~-27E-9z2b2 ~~ have wmusually high temperatures. This may
be caused by hot waters rising along faults. Also, the Snake River Plain
was the scene of comparatively recent volcanic activity, and the gecthermal
gradient probably is steep. lLocal tempsrature anomalies may arise from

residual heat of volcanism.
BADICACTIVITY IF THE WATER

Since the establichment of the NRTS, the Atomic Energy Commission has
made pericdic determinations’ ef the radicactivity of the waters of the
Snake River Plain. The Geclogical Survey has made & small number of check
determinations on samples from the same sources. The purpose of this
sampling wes to determine the normal values of radiocactivity in these
waters and to detect whatever changes occur in time. The surface and
ground waters have been sampled at many points and repeatedly at & number
of chosen points. A compllation of the resulis is given in Table 12,

appendix 2.
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The chemical characteristics of these two waters probably vary
seagonally, especially in the ghallower aquifer tapped by well -Tadl,
owing to seagonal variations in the relative proportions of recharge by
underflow from digtant sources and recharge from nearer sources. Much

more study is needed of the chemical characteristics of the waters.
TEMPERATURE OF THE GROUND WATER

Diurnal changes in soil temperature extend to depths of only a few
inches or feet, and seasonal changes extend but little deeper. In
ordinary rock and soil, the temperature a few feet below the land surface
is about the same as the mean annual air temperature in that area. The
temperature of ground water in very shallow agquifers also is near the
mean annual air temperature, dut some fluctuation is caused by variations
in the temperature of rechargze water.

Beneath the upper few feet of earth or soil, the esarth temperature
increases downward, so that ground water from successively deeper zones
ig 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 may be increased very slightly during
prolonged heavy pumpling, because of the heat of friction in a pumped
aquifer. A

Water from wells and test holes on the FRTS ranges in temperature
from 50 to 66°F, and the arithmetic mean of the temperatures is 56. The
temperature in wells nearby on the plain ranges from 45 to '89°,"Du:b most

of the higher temperatures are in wells near the flanks of the mountains
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Chemical analyses show certain asnomalies in the chemicsl character of
veters from different parts of the NRTS. For example, water from test-
hole 3N-20E~19cdl differs in chemical properties from the water from other
wells in that g;neral area. JXHoteworthy is the presence of chlorides, 47
ppm; nitrate 4.1 ppm; noncarbonate hardness, 46 ppm; and dissolved solids
228 ppr. The water from wells in that gemeral vicinity is somewhat
warmer than at most locations on the NRTS. Some privately owned deep
wells fo the nmorthwest, near the flank of the Big lLogt Eiver Range, dis-
close occurrences of high chioride and warm temperature in that area. The
water may be associated with a fault along the flank of the mountains.
Similar conditions may prevail along the mountain flank northeastward from
Arco to Howe. VWarm mineralized water thus could be moving from the border
of the plain southward and southwestward under the NRTS. If flow of the
water in the aquifer is streamlined, marked differences in the chemical
quallty of water mey occur in relatively short distances.

A marked difference in the chemical quality of the water samplss
collected from two wells in the central part of ihe KRTS is related
directly to their origin from different depths (table 10, Appendix 2).
Well 4N-30E-6abl derives water from basalt at & depth of 1,407 to 1,480
ft, and well ~7Tadl 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 =6sbl
differs markedly from all others collected on the Station. The water is
very soft, low in silica, calcium, magnesivm, and sulfete, and high in
sodium, fluoride, and boron (?). The temperature of 656°F is the highest

recorded on the Station.
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partly because the basaltic aquifer is a ¥fast-eirculating" system which
does not retain water in storage as long as is commen in more slowly

circulating syssem.
Local Variations in Qualisy

With a few exceptions, the ground-water samples tested are generally
similar in chemical compositicn. Waters from wells near the irrigated
areas $0 the northeast, north, and northwest of the NETS %end to contain
somewhat more dissolved solids than water elsewhere. Unconsumed irriga-
tion water from the Mud Lake basin leasghes mineral matier and agricul-
tural chemicals from the soil as it percolates downward, and increments
from that source 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 Cl.

In gome wells scattersd through the central part of the NRIS the
percent sodium is slighitly higher than that in most other wells on the
Station but much lower than in mogt wells in the southern and western
parts of the plain. The causs of the difference was not determined, but
it existed before the beginning of large operations on the Station.

Three wells in the northeast quarter of section 9, T. 3 N., R. 27 E.,
yield waters having appreciably higher temperatures than in those of water
from other wells in that general area. The amount of dissolved solids in
the wells also is comparatively high and is probably related to the tem—
perature, because of the higher solubility of gome minerald in waters of
highsr temperature. The temperaturs and quality may make the waiter less

desirable for some purposes or necsssitate mors treatment.
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ares in the Mui Lake basin. Therefore, one might expect to find soms
chemical differences between the water coming from the north and west and
that from the noriheast.

fhe informa:tion nov availeble discloses no obvious correlaticn of the
chemical quality of the water with the gtratigraphy, depth, or mineralogy
of the aquifer. The proportionately large amount of bicarbonate (doubi~
less chiefly of Ca and Mg) is characteristic of waters from the basalt
generally (see table 11, ippendix 2). Calcium and magnesium are essential
constitnents of the principal minerals in the Sneke River basalt. Much of
the weter is derived by underflow from the adjacent mountaincus ares, where
limestone (63003) and dolomitic limestone (0&,Hg603) ars common rocks.,
The soil and gravel through whickh the water passes in intermonisne vealleys
also contains sbundant ecalcinm cerbonate. Undoubtedly, growmd water that
ig recharged directly from precipitation on the plain also must be charged
with GacOS, because the plains solls are rich in that mineral. The total
dissclved solids and the carbonate~bicarbonate content increase westward
in the plain, probadly from two causes: (1) longer contact with the
aquifer rock, and (2) incremsed contributions of recharge from irrigated
areas where percolating water is more mineralized. The basalt minersls
are not readily soluble in water, but some leaching occurs of silica, iron,
manganess, calcium, magnesium, sodium and potassium, all of which are
present in minerals in the basalt.

The generslly 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 occur, owing to the nearnmess of some recharge areas to the NRTS; and
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The graphg in figure 31 also disclose certain changes in sodiwm con-
tent with time. All four graphs indicate a glight decrease in sodi-um
content during the period eof sampling, from early in 1952 to the end of
1955. This decrease may be correlated with greater racharge during this
period, vwhen precipitation was above average. The graph of sodium content
of the water from the Thousand Springs shows some evidence of a seasonal

cycle in which the sodium content is greatest in winter, least in summer.

Geologlc Significance of the Chemical Quality

Water is a geochemical agent and its chemical character is a resuls
of the’geologic environment through which it has pasgsed and the length of
time spent in that enviromment. The dissolved constituents in the water
are derived from minerals with which it has come in contact (ignoring, for
the moment, artificial contaminants introduced in the water). The concen~
tration of minerals in the water depends on their solubiliiy, the temper-
ature of the water, the chemical composition of the water at the time of
contact, and geochemical changes, such as iom-exchange, that occur as the
water moves through the aquifer.

The ground water on the NETS is derived by recharge from several
distinct sources (see p. 7-8). Water from the north and northwest is
derived from a terrane of Palaogoic ssdinentary rocks, Mesozoic inirusive
rocks, and Tertiary voleanic and pyroclastic rocks. Dolomitic limestone
i8 abundant in parts of that {errane. Watsr entering the aresa frem the
northeast has had a long and complicated history, including passage
throuvgh a wide rangs of types of host rocks. In a late stage ‘be':!ora

entering the NRTS, mmch of the water is cycled through the irrigated
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The discharge of organic end indusfrial wastes by plants on the HETS
has had no observed effect orn the quality of water pumped from wells out~
side the Station. ZExcept for a few cases, the gquality ¢f water in the
ERTS is sxﬁtablé for domestic, agriculiural, and ordinsry industrizl use.

Descriptions of the relationship of various chemical ions to the
utility of water are available in standard works on that subject. 4
rather exhaustive summery of the relationship of the utility of water %o
its chemical constituents was published by the State of California (1952).

Special information on water quality has been collected by the
Commission since 1952. Samples from wells and springs scattered through-
out the Snake River Plain have been analyzed for sodium and radiocactivity.
Waste water discharged to the ground at the ERTS contains considerable
amounts of ordinary sodium chloride, and slight amounts of radioisotopes.
Presumably, continual plainswide monitoring of sodium and radicactivity
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, & principal outlet for the ground water of the plain. They
indicate that, in general, the waters acquire sodium in transit through
the aguifer 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 tracts and enters the ground is =&
principal source of dissclved sodium. Certain wells in sediments along
the southern edge ¢f 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 basalt. Graphs for these and
other wells are included in eppendix 2.



Table 2U4,--Summary of chemical properties of representative ground waters from the Snake River Plain--Continued

Reactor Testing Station

Central Snake River Plain

Constituent or property Arithmetic Arithmetic
Mipimum Maximum mean Minimum  Maximum mean

Boron (B) 0.00 0.11 0.037 0.00 0.25 0.065
Dissolvsed Solids:

ppm 14k 354 218.1 143 g21 293.8

tons per ac-ft .20 .50 .300 .19 1.12 R
Hardness as ca003:

total Wy 265 155.3 85 516 178.3

noncarbonate 0 8l 22.0 0 380 25.5
Percent sodium ' 3 26 12.0 0 79 21.7
Speoificscondnctance

(kx10° at 25°C.) 182 540 35 257 1260 463.5
pH 7.2 9.5 7.9 7.1 9.4 7.83

Analyses of samples of spring water are not included in this table.
water combined Na and K values; those values were not used to develop this table.

Soms reports of analyses of

5



Table 24.~—Summary of chemical properties of representative ground waters from the Snake River Plain%/
[Chemical constituents in ppm; analyses by Geological Survei7

Reactor Testing Station Central Snake River Plain
Constituent or property Arithmetic Arithmetic
Minimum  Maximum mean Minimum _ Maximum mean
Temperature (°F) 50 66 56 45 £9 559
Silica (5105) 15 39 25 8.1 50 32.1
Iron (Fe) dissolved .00 o3 052 .00 .38 .058
Manganese (Mn) .00 .58 .035 .00 .93 043
Calcium (Ca) 7.7 70 39.3 16 1 - W3.h
Mognesium (Mg) 2.8 22 1%4.05 9.3 4o 16.4
Sodiwm (Na)l/ 2.6 20 9.62 3.3 155 28,2
Potassium (K)L/ 1.0 15 3.18 1.6 20 4.35
Bicarbonate (HCOz) 58 226 165.9 99 Yp2 188.8
Carbonate (003) 0 18 .60 0 58 1.44
Sulfate (SO0)) 12 4o 23.8 9.1 210 36.5
Chloride (C1) 6.0 58 15.4 4.2 265 29.3
Fluoride (F) .0 T 24 .0 2.0 53
Nitrate (no3) .02 5.5 2.15 0.0 T2 Y.

1/ See footnote at end of table.

gce
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Differences of geveral degrees in temperature may be of interest in con—

nection with plant designs.

Analytical Results

The results of chemical analyses of waters from the NRETS and other
parts of the Snake River Plain are summarized in table 24, and the
detailed results are given in Appendix 2, tables 10 and 11. The chemical
character of some of the samples was affected by conditions during their
collection. Many samples, for example, necessarily were o'btained..'by
bailing from test holes that werse not equipped with pumps. In some cases
the water had been in contact with clayey mud in the holes and may have
increased its sodium concemtration by ion-exchange for calcium in the
water. In a few instances, cement grout had deen used during drilling,
and the cement produced an increase 1n the hardness of the water. In
order to clarify possible discrepancies in the analyses, a complete list
-0f the samples and descriptions of the clrcumstances of thelr collection
are given in Appendix 2.

The quality of the sampled waters was gemerally excellent for ordi-
nary uses. In all but two samples the amount of dissolved solids was
apprecisbly less than 500 ppm, the upper 1limit specified by the U. S.
Public Health Service for desirable driniing water. Softening treatment
probably would be rsquired for most industrial uses (aside from deminer-
alizing for special use), dut the water is not excessively hard. Water
from well 3§=-27E-0aal had 265 ppm of chloride, which is slightly higher
then the maximm of 250 ppm recormended by the U. S. Public Hea’l*bh

Service for driniding water.
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is large, the volume of underflow from tributary sreas is considerable,
the seasonal veristions in underflow probably are small, end the movement
of ground weler is slow. Because of the considerable time beiween periods
of reduced precitpitation and decline of the water table, long-term regord.s
of water-level fluctuations are egsential for satisfactory interpretsiion
of the complex interrelationships between precipitation and water-level
fluctuations. The overall effect of deficiemt precipitation on the water
table probably would be a general trend in water—level fluctuations similar
to that in USGS wells 1 and 4 (figs. 16 and 28). The hydrographs of these
wells show several years of declining water levels, followed by a steady
rige, although precipitation during the period of record averaged below
normsal .

¥Water-level fluctuations in the ares do not corrslate closely with
local precipitation becsuse local replenishment by precipitation is com-
paratively small. Most replenishment is from sources outside the ERTS.
Very little is known about the relative importance of the varioms sources
as contriduting factors in water-table fluctuations, bul the relationships

between them probably vary from time to time.

CHEMICAL QUALITY OF THE GROUND WATER

The ground waters tapped by wells and test holes 1,200 ft or less in
depth on the NETS are basically similar in chemical type. Some variations
in chemical quality occur, both with location and with depth, and the
quality at some places might influence the locations of facilities having
very specialized water requirements. There is a slight regional varlation

in water temperature, and more noticeable variations with depth.
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The plotting of sumulative departures tends to Yiron out" the fluctuae
tioms in years of short~term departures, such as single years when prscip-
itation is deficient or excessive. A recent %wet" cycle began about 1935
and reached a climax in 1942, when the cumulative departure of precipita-
tion was plus 3 in. at Aberdeen and 37 in. at Pocatello. A subsequent
drier period continued through 1955, and the accumulated excess at
Pocatello wag reduced to about 12 in., and an accummlated deficiency of
10 in. developed at Aberdeen. At Howe a drier period began in 1946 and
A continued in 1954. At the end of 1954 the accumulated deficiency at Howe
was about 13 in. Precipitation was slightly above normal at Howe in 1955
and the accumlated deficlency was slightly less than 13 in. Accumulated
deficiencies prevalled in 1955 at Idsho Fallsg, Arco, and Spencer.

The water level in wells in the central and northerm parts of the
plain began to decline in 1954 and by the end of 1955 were at record low
levels. Dacline began in the southerm part in 1853 and also reached
record lows in 1955. In the Minidoka area, water levels in most wells
began a general decline in 1954, and by the end of 1955 the net decline
amounted to about 2 to 4 £t (see fig. 29).

Precipitation at most gtations on the Snake River Plain averaged
below normal during 19h3-55, but water-level records are not long enough
to show the effects of reduced reéharge as a consequence of declining
precipitation. The Snake River Plain contains a very large ground-water
regservoir on which several years of subnormal precipitation prodably
would have little noticeable effect. Several to many years might elapse
before the water table in most parts of the plain would show ap;reciable

effects of reduced recharge, becange the amount of ground-water storage
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currently about a foot below the 1950 levels. In wells whers there are
markedly regular annusl fluctuamtions, as in Tps. 5-6 E., Bs. Z3-34 E.,
water levels declined about a foot during 1950-52, but recovered during
1952-54. In 19'55 they declined about & foot. On the cther hand, water
levels in wells in Pps. 2 N., to 1 S., Rs. 2531 E. remained fairly con-
stant during 1950-52 but declined sbout 1 to 2 £ from 1952 to 1955. As
was noted earlier (p. 229), a decline in the southern part of the HETS
began about & year sooner than in the Minidoka area (see fig. 29). Data
are not sufficlient to show a relationship between the declines in water
levels in the two areas. In general, water levels in most wells in the
eastern Snake River plain have declined gradually since about 1953-54 and
are now at record low levels in many paris of the plain.

Effects of preciplitation.——In general, the water-level trends during

the period of record seem inconsequential despite a steady cumulative
decline in precipitation after 1943 at weather stations on the Snake River
Plain. Figure 30 shows the cumulative depariure from normal precipitation.
The curves were obtained by algebraic addition of annunsl departures from
normel plus the cumulative total obtained for the previous years, at three
stations on the Snake River Plain. An upward slope to the right indicates
a cumilative increase in precipitation and a downward slope to the right
indicates a decrease. The longest continuous period of record is from the
Pocatello station, beginning 4in 1900. Except for a few records which
began about 1934, records from other stations on the plain cover periods

bezinning between 1905 and 1520.
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and 1 to 2 ft additional in 1955. The decline began in the Minidoka area
about a year later than in Bingham and Butte counties. Figure 29 shows
the water—-level fluctuations in geveral wells mear ths NRTS and in the
Minidoka North Side Pumping Division in Jerome and Minidoka Counties. XNo

direct relation between the declines in the two areas is known.
Long~-Term Trends

Long-term trends (net changes of water levels at corresponding times
in successive years) are an effect of changes in ground~water storagse.
Factors that influence the trends are weather variations, irrigation,
pumping, and changes in the surface-;vater regimen. Records of water—
level fluctuations in the NRTS and vicinity span only a 7-year period and
good area coverage is avallable only for a 5—yea.r' period; these records
define only short~term 4rends.

The trend in water levels in wells near the ANP and IET sites
(r. 6 ¥., Bs. 31-33 B.), where the yearly range of fluctuations is small,
has been slightly upward since about 1950, with a net rise of about 0.4
£t near the ANP area. About 8 mi northeast of the ANP arsea, in a pri-
vately owned well (7N-33E-35bbl) near the southwestern edge of the Mud
Lake arsa, the range greatly exceeds that in wells at the ANP and IET
sites; the net rise of the water table has been about 2 £% since 1950.
Water levels in these wells declined slightly after July 1955. In wells
affected by underflow from the valleys of the Big Lost and Little Lost
RBivers and Birch Creek, the net rise from December 1951 to May 1953 was
about 7 to 9 £% in the northern wells and about 4 to 6 £t in th; southern

wells. Water levels declined steadily after 1953 and in 1955 were
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Project included 32 wells from which 54,000 ac-ft of water was pumped to
irrigate about 14,200 ac: about 140 private wells withdrew about 108,000
ac-ft for 23,800 ac of land. The gross weter requirement for the completed
Government projéct will be 235,000 ac-ft yearly and that for privete devel-
opment may be about 325,000 ac—ft (Crosthwaite and Scott, 1955). The heavy
pumping mey lower the water table & few fest 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
basalt attributeble to pumping in the Minidoka area.

Immediately west of the Minidoka area, in eastern Jerome County, about
28,000 ac-ft of ground water was pumped from 36 irrigation wells to serve
about 9,700 ac of land in 1955. A report by Mower (1953) contains records
of wells and grownd-water levels in the area.

In general, water levels in the Minidoka ares rise and fall in an
annual cycle similar to that in wells south of the FRTS in Tps. 2 N. to
1 S., R. 28 E. The downward trend usually starts in October or November
and the rise usnally begins in April or May. The annual range of fluctus-
tions in the Minidoka area is about 1 to § £t (Crosthwaite and Scott,
1955). In wells south of the NRTS the annual range in fluctuations is
1 %0 1.5 £%.

During 1950 to 1952 water levels remained rather constant in wells
in Tps. 2 X., to 1 8., Rs. 28-32 E., Bingham and Butte Counties, dut in
1953 the levels declined about 0.5 £t; by the end of December 1955 an
additional foot of decline occurred. During 1948-53 water levels in the
Minidoka area showed & net rise of 0.5 to 3 ft (Crosthwaite and Scott,

1955). Thereafter, the water levels declined about 1 to 2 £t in 1954,
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ranged from about 300 %o 2,500 gpm. By 1955 %the estimated number of wells
increased o 160, which produced about 60,000 ac=f% of water and served
about 18,000 ac of land.

Water levels in wells that reach the regional waiter tadble in the
Roberts-Taber area ranged between about 164 and 720 £t belew the land
surface (see Appendix 2). The depths of the wells range from 219 to 786
f%. High water levels occur from October to Hovember and low levels from
April to June. The wells were measured bimonthly and the actual highest
and lowest levels probably were not detected, but the measurements probably
correctly indicate the months in which maximum and minimum levels occur.
The yearly range of water-level fluctuations averaged between 2 and 4 f%,
but in a few wells south of Robterts the yearly range was about 15 ft.
Water levels in a few wells south and southeast of Mud Lake declined about

to 3 £% from 1350 to 1955.

Minidoka area.~~In the Minidoka area, ground water is being developed

extensively for irrigation by the U. S. Bureau of Reclamation in the North
Side Pumping Division of the Minidoka Project, and by private enterprige
for large adjacent tracts of land. The new developmenits center in southern
Minidoka County and parts of Lincoln and Blaine Counties, about 55 mi
southwest of the NRTS. Within a few years this area probably will be the
most heavily pumped of those curréntly under development. The presgent
total withdrawals are second in amount only %o 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 development began in
1947 with the drilling of three private irrigation wells. 3By 1;55 the

number increased to more than 170. Ixn 1955 the U. S. Burean of Reclamation
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the shallov wellsg remained fairly stesdy, withouit much change during the
period of record. Water levels ir the ¥Mud Lake ares rose appreciably only
to the west of Mud Lake in Tps. 6 end 7 ¥., R. 33 E. Well TH-33Z~35bbl is
70 £t dsep and 'I:,he water level is very responsive t¢ recharge by infilire-
tion of irrigation water. A seasonal rise in the water level beglns latbe
in each spring, shortly afber the start of irrigation. The higher levels
are resached in July and August and lower in May. The yeerly range is
between 7 and 8 f£t, and the net rise since 1950 is about 3 £t (see fig.
27). V¥ell 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 proncunced than in the shallow well. The water level in the well
has irenfed steadily upwerd since 1950 and the net rige at corregponding
times of the year was about 2 £% (see fiz. 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 5F-34E-0bdl, 1950~55,
gshow no unusual fluctuationg that could be attriduted to irrigation in the
Mud Lake area. The long distance of the wells from Mud Lake and the large
ratio of storage in the Snake River basalt to underflow from the basin
probably are the reasons for the lack of noticeable effects.

Roberte-Taber area.~~The Roberts-Tgber area, east and south of the
ERTS, extends from the vicinity of Roberts to Taber in a broad arc along
the north side of the Snake River. 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-

£t of water for 7,000 ac of land. The rate of discharge from single wells
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dl scharge being by ground-water underflow to the Snake River FPlain. The
principal pumpage is done whers the depth to water ranges from a few feet
to about 50 £t below the land surface. ﬁumerous flowing artesian wells
furnish much of the irrigation water. About 99 pct of all the ground=-
water pumpage is for irrigation.

The estimated pumpage of ground water from 61 irrigation wells and
86 stock and domestic wells in 1952 was 83,300 ac-ft (Barraclough, 1952),
and the water supplied about 58,000 acres of land. The yields of single
irrigation 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
V wells for use on about 90,000 acres (Nace,’ 1956). Therefore, ground-water
pumpage increased by about 300 pet 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 Tps. 7-8 N., Bs. 36~37 E. The
depths of the wells range from 45 to 93 £% and the average depths to water
in single wells range from 13 to 50 £t. The yearly range of fluctuation
is about a foot. High levels occur in April and May 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 1955. Wells south of
Mud Lake in Tps. 56 ¥., Bs. 34=35 E. range from 280 to 930 £t in depth
and from 50 to 160 £t in depth to water (see Appendix 2). The deeper
wells reportedly tap several water-bearing zones. Water levels in the

deep wells declined ag much ag 20 £t after 1951, whereas water levels in
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¥ater levels in the ghallow wells mre very responsive to infiltration
ef irrigation water. The higher levels are reagched in July and August at
¢he height bf the irrigedion meagen, and the low levels are reached in
&pril and Mey, shortly befere 4hs irrigation season begins. Water levels
in the deepsr wells are not noticesbly effested by recharge from infiltra-
tion of irrigabtion water.

Howe grea.~—The Howe area, arcund the mouth of the Little Lost River
Velley in Tps. 56 K., Bs. 26-23 E., is near the western—central part of
the TRTS. The principal uses of ground water sround Hows are for domestie,
stock, and irrigstion suppliss. Records ef waiter levels in a few wells in
the area are contained in an earlier repert (Shuter and Brandwold, 1952).
The estimated grownd-waber pumpsze in 1549 was 1,300 ac~-f% from 10 wells.
Abeut 3,500 additional ac-f% was pumped in the valley about § to 10 mi north
of Bowe. Pumpage in the vicizity of Howe in 1955 was about 1,500 aoc-ft and
that north of Hewe about 4,000 as=ft.

Phe average depth %c water in the Howe ares ranges between about 65 to
105 feet (see Appendix: Z). Weskly water—level records from a few wells are
available for the pericd December 134§ threngh Cotober 1953, and monthly
and quarterly records thereafter. The highest recorded water level in the
srea occurred in Augmet 1952, gbout 7 %0 § months sarliier than the peak
level of that year in wells in the NRTS. The annual range in fluctuation
averaged 1 t0 3 £t. Vabter levels were fsirly constant through December
1952 but declined thereafter ateut 1 %e 2 ft.

Mod Leke begin.--Ground-water withdrawals in the Mud Leke basin,

north and east of the KRTS, are the largest in ldaho and totaled about

270,000 ec~f% in 1955. There ig ne surface runcff from the basin, all
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7 m west of the western edge of the NETS. About 33,000 acres of land in
the Big Lost Biver Valley, from Mackay to about 3 mi sousheast of Arco, is
irrigated with surface water from Mackay Reservoir on the Big lLost River.
About 9,000 additicnal acres is irrigated above the reservoir., Ground
water in the Big Lest River Valley is used chiefly for domestic, stock,
and municipal supplies. A few irrigation wells have been drilled since
1954, principally along Antelope Creek, but liti#le is known about the
depths and ylelds of the wells. The largest single withdrawal of ground
vwater 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 £t. The depth to water ranges from 12 to 30 £t and the
yields of the wells average about 400 gpm. The Village of Butte City,
about 2.5 mi southeast of Arco, has one deep well which taps the regional
water ﬁa‘ble. The depth of the well is about 443 £t and the depth to water
1s about 400 ft. The yield during a test in 1952 was about 60 gpm. Except
for a few wells tapping the deep aquifer, most wells in the Arco area range
in depth from 8 to 140 f%, and the depth to water ranges from 3 to 55 £%
(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 Augus’é 1951, shortly afier unusually heavy
raing during those months. The high levels whers the water table isg
deeper (18 to 55 £% below the land surface) were not reached until July
and September 1952. In the regiocnal water table (205 to 400 feet below
the land surface) water levels remained fairly steady and showed 1little

or no effect of the heavy runoff in 1951 and 1952.
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In T, 3 K., Rs. 31=33 E. the yearly vange ig about 1.5 tc 2 ft, with ths
higher levels gboul mid-Janusry and the lower between mid-July and early
Avgust. In Pps. 2 F. ¢ 1 8., Bs. 27=3%1 E., the yearly range is sbout 1.5
ft. The high lévels are reached betwesn early November and mid-December,
and the lows in May and July.

The greztest yearly range in fluctuations ogcurred in wells in T. 5 H.,
Rs. 3%-34 E., where the slope of the waber table was about 5 to 7 £t per mi.
South of T. 5 K., in Es. 27-34 E., net water-level changes averaged 1 to 2
£4 and the slope of the water %able was only 2 %0 3 £t per mi. The sea-
gonal pattern of fluehuwations in the northeastern ares probably is influ-
enced largely by wndsrflow from Mud Lake, the apparent dirsction of whick
is southwestward toward the wells. However, no definite time pattern is
discernible in the ccecurrence of high and low levels a2t increasing dis-
tances from Muvd lake. Probebly fastors obher than wundsrflow from Mud Lake

strongly affect water levels in that area.
Regional Water—Level Flustustionz in the Snake River Plain

The area here itreated is the part of the Snake River Plain outslide the
ERTS and includes several large ground-water irrigaticn tracts. BRegional
water-level fluctuations have twofold interest: their records assist inter-
pretation of fluctuations in the NRTS, and they register changes in ground-
vater storage, so they are significant in problems ¢f ground—water deple-
tion now and in the futurs. PFigure 27 illugirated the principal types of
water—level fluctustions in wells on the Suske River Plain. |

Arco area.~--The Arco area, at the mouth of the Big Lost River Valley

in Tps. 4=6 N., Rs. 25=27 E., is about 20 mi nsrihwest of the CF area and
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Underflow from the Mud Laks bYagin i3 an important gourcs of ground-
wvater replenishment %0 the cendral Snaks Riwer Plain, bul direct effects
of underflow have no%t been identifisd in walber=-lsvel flushuations south
and southwest of Mud Laks. The apparent lack of esrrelaiion in water-
levels may be partly due to inadequate records, bui the lack of strong
fluctuations probably is nermal. Owing to the relatively long distance of
the wells from the main irrigated area around Mud Lake, the recharge wave
moving southward is damped before reaching the wells., Also, the Mud Lake
basin 1%self is such a large reservoir that seasonal variations in underflow
probably are relatively small.

Vells in which the seasonal rise and fall of water levels is most
marked are in the path of the apparent mevement of water from Mud Lake.

A few deep wells tap water under local artesian or quasi-artesian
pressure, which may cause some of the differences in the behavior of the
water levels in gome of the wells.

The greater range in water-level fluctuations occurs in areas having

the greater slopes on the water table.
Seasonal Water-Level Flustuakions

A yearly cycle of water-level fluctuations, represented by a graph
having approximately sinusocidal férm, occurs in wells in Bingham and
Jefferson Cowmties, 1{1 Tps. 2=6 ¥., Bs. 31-34 B., and in Buitte County
south of U. S. Highway 20, in Tps. 2 N., %0 2 S., Rs. 27-31 . (see fig.
28, well 5N-34E-0bdl). The yearly range of flustuation in-Pps. 56 N.,
Bs. 32-34 E. averages about 3 £4. The high water levels cccur ’;etween

mid-January and mid-~March, the lows befwsen mid-August and mid~September.



221

rise of the water level in mo. 18 in 1553 was less than half that in no.
12. The %oial rise of the water level in the MTE test well (3N-29i~-1dadl)
vas gbout ¥ ££ in 1952 and 6 £% in 1953. In 1950=51, however, before the
effects of rech;rga from the Big Lost River were registerei, the annugl
water~level fluctuation in the well was about a foot. In well 3¥-30E~3laal
(field no. 20, ebout 3 mi southeast of the MTR site) the highest water
level also was reached in mid-March, and the range in fluctuations was
about the same as in the MTR $est well. Water levels at the CF area in
1953-54 also were at their peak levels in the first half of March.

In general, rises of water level caused by underflow from the vslleys
of the Little Lost and Big Lost Rivers and Birch Creek began early in the
gpring of 1952, gbout 6 ¢ 10 months after the umasually high runoff and
recharge that began late in July and early in August 1951. Except for
slight seasonel decline in several wells in 1952, water levels in all the
wells rose steadily, reaching a pesk in the gpring of 1853. Water levels
declined steadily afier reaching the rezord high levels, and by the end of
1955 were about 2 £t lower than at the end of 1950.

¥Water levels in the western central part cf the area, near the little
Lost Biver playa in T. 5§ N., R. 29 B., reached peak levels early in April
1953; those in the intermediate area, near the Big lLost River playas in
%p. 4=5 ¥., Bs. 26-31 E., were at peaks in early and mid-May; those in the
gsouthern part, near the CF area and MTR site, were at peak levels in early
and mid-March.

The greatest range in weter-level fluctuations, and the most rapid
seagonal rise and decline of wabter levels, occours in wells near the Little

Lost River playa south of the Village of Howe.
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Yell AN-29E-23cdl (field no. 19) is about 3 mi southeast of the
Village of Howe and 1} mi southeast of the Little Lost River playa. The
water level in that well had the largest seasonal range of fluctuations
noted in any well in the area. The range was about & £+ in 1953 and 7 £
in 1954, with very distinct peaks about April 1 in both years, about a
month earlier than the highest yearly levels in nearby wells. Water
levels were at a record low in April 1955. Seepage losses from the Little
Lost and Big lost Rivers seemingly did not influence the water level in
the well before the summer of 1952, several months after the water levels
in other wells began to rise. Infiltration and percolation to the
regional water table of ponded water from the Little Lost and Big lost
River playas, north and northeast of the well may have caused the unusu-
ally high water levels in 1953 and 1954%.

In well 4¥-29E~9dcl (field no. 23), which is a'bout. 4 mi south of
field no. 19, the water level reached peaks in May 1953 and 1954%. The
. maximum rises during the period were 0.5 £t to 1.5 £t. The highest water
level in well UN-30E~Tadl (field no. 12), about 5 mi southeast of field
no. 19, occurred in May 1953 and 1954, about a month after the peak in
field no. 19. The total rise of the water level in no. 12 was about 2 £
in 1953 and about a foot in 195%. In well 4E-30E-22bdl (field mno. 17),
about 7 ml southeast of no. 19 and 3 mi southeast of no. 12, the highest
water level in 1953 was reached early in May, and the range in fluctuatien
was sbout half that in nme. 12. Well S5H-31B-1lbcl (field mo. 18) is the
well farthest north and east that shows effects of recharge from Birch
Cresk and the Big Lost River. The water level reached a peak 1:; mid-May

1953, about concurrently with the peaks in wells 12 and 23. The total
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production wells near the river. For well ZFN-31E-35dcl, near Atomic City
and abvout 11 mi from the river, the hydrograph in 1952 repeated very
closgly the seasonal pattern of 1951.

Wells in m:vz ¥., Bs. 27-28 E., 1 to 4 mi south of the river, reached
peaks in November and Decsmber 1953 and perhaps were affected strongly by
recharge from the river. BRecords are not avaeilable for those wells
earlier than 1952 and there is no basis for comparison. HNoticeable affects
of seepage from the river seemingly did not extend to wells sbout 10 mi %o
the southeast, in Tps. 2-3 N., R. 31 E., where daily records for several
wells show that peak levels were reached at about the same time each year
during 1950-55.

The effect of recharge from the Big Lost River was registered
earliest in wells at the MTR and CFA sites. The highest water levelz in
the MTR test well and in well 3F-30B-3laal (field no. 20) occurred during
early and mid-March, about 2 to 4 weeks earlier than in other wells
affected by the river.

The larger rises in water levels (7 tc 10 £%) occurred in wells north
of the STR site in Tps. 45 N., Bs. 29-31 E. The general slope of the
water table in that area was about 10 %¢ 12 £t per mi. XNear the MPR and
CPP sites the water levels rose about 6 ft: the sl@e of the water table
ranged from ebout 5 to 7 £t per mi.

Recharge from local sources.--In wells in the western~central part of

the Station, in Tps. 3~ X., Bs. 26=31 E., water~level fluctuations follow
a fairly well-defined seasonal paitern that is influenced both dy local

and by regional recharge (see fig. 28, well IF-29E-14adl).
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Figure 27—Three types of water-level fluctuations in wells on the Snake River Plain:
(I) relatively large annual range, with superimposed short-term fluctuations
and longer-term trends in well 7N-33E-35bbl, Jefferson Co.; (2) somewhat
irregular short-term fluctuations and longer term ftrends in well 6N-33E-
2bal, Jefferson Co.; (3) small short-term fluctuations, relatively large
annual range, and pronounced longer-term trend in well 105-20E-5bal,
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Figure 28~Types of water -level fluctuations in wells in and near the NRTS: (1) small
seasonal and annual range in well 6N-3IE-27bal, Butte Co.; (2) small
normal seasonal and annual range in well 3N-29E-14adl, Butte Co.,
modified by effects of unusual recharge from Big Lost River from late
1951 to early 19545 (3) relatively large annual range and cyclic trends
in well S5N-34E-9bdl, Jefferson Co.
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rose about 3 f4. Thereafter, the water level in the deepened well
remained about 3 £ above the old general level, but the annual range of
fluctuation after 1952 was only about 0.5 £%. The yearly range in well
fN-33E~2bal, about 8 mi northeast of the NRTS, also was about 0.5 ft.

In the northern part of the NRTS the water table gseems to be nearly
flat, and at places the slope is less than a foot per mile. Pumping from

the ANP wells hags had no noticeabls regional effect on water levels.
Fluctuations Caused by Local Rechargs

Recharge from the Qigw River.-~The effects of local recharge dy
percolation from the Big Logt BRiver during the high runoff period 1951~53 ,
were considered briefly on p. 61-65, in comnection with the rate of perco-
lation through the basalt. Hydrographs show that, teginning in September
1952, a change occurred in the seasonal pattern of water—level fluctuations
near the river, probably as a result of exceptional recharge. Some of the
recharge may have been from deep percolation out of the river. In well
IN=-29E-1b4adl (see fig. 28), a mile from the river, the seascnal itrenmds in
1950 and 1951 wera entirely different from those in 1952=55. About
September 15, 1951 the water level in well =lltadl began a general rise
that continued through April 1952, when the water table reached its
highest level during the ysar. Eﬁ:cept for a slight decline from June
through October 1952, the water table rose steadily and reached iis
highest levsl of record in March 1953. The beginning of the general rise
lagged about five weeks behind the arrival of surfaca water in the Big
Lost River channel and the beginning of seepags losses in the ck'xannel

reach nearest to the well. Similar rising trends occurred in several
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Fluctuations Caused by Changes in Storsge

Ground-‘-wa’cer fluctuations caunsed by changes in storage follow several
patierns in the FETS and vicinity. Withir a single pattern—-group the
magnitude of fluctustions and the time of occurrence of the high and low
water levels vary. The groops differ from each other in the magnitude and
trend of fluctusbtions. The following gromping is made for convenience in
discussion: (1) fluctuations in which the yearly range is small; (2)
fluctustions which are affected markedly by local recharge; (3} fluctua-
tions which follow & well-defined seasonal pattern. The types overlap to
some extent and various conbinations can be found. Figures 27 and 28‘

illustrate seversl types of water-level fluctuations.
Yearly Fluctuations in Smell Range

The water table in the northern NRTS, in T. 6 X., Rs 31-33 E.
ordinarily fluctustes only through a small range, with little or no cyclic
yearly pattern (see fig. 28, well 6N-31E-27bal). A continuous water-level
record for the period 1950-55 is available for well EN-31E-27bal. A
record nearly as long, represented by weekly and monthly measurements, is
available for a well in T. 6 X., R. 33 E., showing similar hydrographic
characteristics. Water-level records for other wells in that general area
average only sbout three years in length and are too short to be classified
readily. During the period May 1950 to June 1952 the range in yearly water—
level fluctuations in well 6F=-31E-27bal was about a foot. The depth of the
well was 775 ft and the depth to water was about 214 £t below the land

surface. In 1952 the well was deepened to 1,000 £t and the water level
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figure 26 ig based on a computed barometric efficiency of 60 pct. Though
the adjustment is quite small, it is an appreciable percentage of the
total range of short-term fluctuations and would noticeably affect calcu-
lations based on those fluctuations. Nonbarometric factors obviously
affected the water~-level, because the adjustments leave considerable
irregularity in the hydrograph. A corrslation of water~level fluctuations
in the well with increasing and decreasing barometric pressure shows a
slight change in the efficiency of the well during these periocds. So part
of the irregularity is due to differences in the barcmetric efficiency of
the well during periods of rising and falling pressura. |

Significance of barometric fluctuations.--Barometric fluctuations of

wvater levels in wells are caused by fluctuations of atmospheric presgurs
on the water surface in the well. In ord;nary porous gecloglic material
which is permeasble throughout and 1s in free commnpication with the atmos-
phere, ailr moves in and out of the ground freely through the land-surface
area. Where the zone of asration contains nonpermeable layers, these
restrict the free exchange of air between the atmosphere and the ground,
and pressures may be equalized only by movement of air through local perme-—
able zomes or through openings such as wells which are not cased %o the
water table. Wells in such materials characteristically "blow and suck.®
In the case of the Snake River baéalt, baromstrics fluctuations of water
levels show that tight material occurs between the land surface snd the
water tabls and impedes the movement of ailr, which can escape from or
entar the grownd only throusgh local fractures, caverns, and wellg. A very
large volume of air is moved, and cireculation of air through weils and

caverng often persigts in one direction for some hours.
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The time scale of the FM 32-day recording gege is so condensed that
it is diffieult o correlate the trace of water-level fluctuations with
hourly baromstiric-pressure readings. The baromeiric efficiencies of wells
sguipped with ﬁl;at type of recorder were computed by correlating daily
high and low water levels with d2ily minimom and maximue barcmetric
pressures. In genergl, the results were fairly consisient for different
seasons of the year. PFigure 25 is a scatter diasgram of baromeiric pres-
sure and water levels at two-hour intervals in well 38-29E-14adl during
March 24-29, 1951 and July 13-1%, 1951. For comparison, the daily high
and lovw water levels in the well and the dsily high and low barometric
presgures are shown by solid circles. These are the only plottings that
could be made from a 32~day chart, but a straight line through those
points wouvld not differ eppreciably from that drawn through all the points
in the figures.

Plottings for longer periods up to one month confirm the shoriwiernm
correlations. That is, the width of the scatter band for summer periods
ig narrovw and that for winter ig 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
change of the baromsiric pressure. Though the water level in a well nmay
follow the diurnal fluctuations rather closely, the longer, slower baroe
metric changes are not recorded with the same clarity and some are not
identifigble.

Using a microbarogram of atmospheric pressure, and epplying the
barometric-efficiency factor to the water-level fluctuations in a well,

the hydrograph for the well can be adjusted. The adjusted hydrograph in
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The diurnal pattern of fluctuations is predominant during May through
September, with distine% highs and lows during each 2U-hour pericd (fig.
23, lower hydrcgraph). The low oceurs bstween 6:00 and 8:00 am, and the
high between 6:00 and 8300 pm. The daily fluctuations in summer range
from about 0,03 %0 0,17 £t and average about 0.1 ft.

Superimpesed on the diurnal cyels are longer, irregular fluctuations
caused by cyclenic storms moving eastward across the western United
States., In winter the storms are irregular and the baromeiric pressure
éluctuates widely. In summer these storms are more regular and fluctua-
tions are small. The gyclonic-pressure changes are most prominent from
abéu’c nid-September to May and cause rslatively large water-level fluctua~
tions (fig. 23, upper hydrograph). The periods of increasing and decreas~
ing pressure usually extend through one or mors days and caused water-
level fluctuvations of about 0.2 to 0.8 £t. The average is about 0.3 f%.

As a result of the seasonal differences in the barometric-pressure
patterns, the water-level patterns caused by diurnal fluctuations are
dominant in late spring and cimmer, and those caused by <yclonic storms
are domina.nt in the fall and wintsr.

Pigure 24 is a series of scatter diagrams in which the depth to water
in well 3N-29E-14adl during several periods is plotted against the contem-
porary barometric preassure at the Weather Bureau Station in the Central
Paclilities area. The diagrams indicate sxceptionally gocd correlation
betwaen the two variables, and ithe barometric efficiency of the well
averagss about 60 pet. The baromsiric efficiency of othsr wells on and

r

near the NRTS ranged from about 32 to 95 pet (see tabls 23).
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Tgble 2% .-Barometric efficiency of wells on and near the KRTS

Earometric Baromstric

¥ell number efficiency Vell numbder efficiency

: (percent) (percent)
TE-31E~3bal 5% U¥-308- Tadl 45
E§-31E~13ab1 g6 ZH-29B-1kadl 3/ 60
E5~31B-2Thal 65 IN~30E~31aal &lgs
6F~32E~11ah1 52 3E~32E~-29d41 45
EF-32E~36ad1 &7 SW-33E~ 3abl ge
6N-33E-26441 &9 38-29E-25bd1 77
5H-29E-~23cdl w oN-27E- 2441 52
5R-31E=1l4Dbel 2/ 95 2H-28E=~35ad1 65
5§-328~36adl 91 2§-31E-35d¢1 51
5§-34E- Obdl 6l 15-308-15bcl 32
Y¥-29E- Gdecl 28 Average 60

1/ Large norbarometric changes in water levels make determination of

barometric effects difficuls.

2/ Apparent efficiency umusually high.

Other factors mey be involved.

3/ Apparent efficiency ranges between 56 and 67 percent at differemt:

tinmes.

In general, barometric fluctuations in wells on the NETS follow two

distincet seasonal patterns.

One is a typleal diurnal cycle induced by

solar heating of the atmosphere; the other is & less systematic fluctua-

tion caused by cyclonic storms (fig. 23).

The pressure changes caused by

solar heating during the day and by cooling during the night cause regular

divrnal low and hkigh pressures throughout the summer.

Water levels in

wells respond by rising during the day and declining during the night.
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In a truly wmconfined aquifer the water table communicates freely with
the atmosphers through ground air in the zone of aeration. Inasmuch as the
barometric pressure affects all parts of the water table about equally and
about the same as they affect the water lewel in the well, the water level
does not change with changing pressure.

Barometric fluctuations of water levels commonly cccur in wells on
the Snake River Plain because the water ig partly confined, especially
at depth. Impermeable layers in the basalt, both in the zone of sature—
tion and in the zone of aeration, locally confine the ground water to some
oxtent and they impeds communication between the atmosphere and ground air
(see discussion of ground air, part 2, p. 43=46). In most wells in the
Snake River basalt that have been observed systematically, watar levels
respond to changes in barometric pressure.

The confining bed in an artesian system resigts the effect of rising
atmospheric pressure. The decline of the water level in the well is a
function of the proportion of baromeiric pressure that doss not overcome
the resistance of the confining bPed. That is, the well is not 100-pct
efficient as a walter barometer. The barometric efficiency is expressed as
a percentage ratio of water-level change in the well to the barometric
change, in equivalent units. A barometric efficiency of 60 pct means that
the water level in a well rises 0.6 £t in response 0 a barometric pregsurs
drop equivalent to a head of one foot of water., The compulted baromsiric

efficiency of representative wells on the NRTS is shown in table 23.
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Barometric Fluctuations

Prominent and regular shori-term water-level fluctustions in wells
on the NRTS are caused by changes in atmospheric pressure. These are
éalled barometric fluctuations because the wells act as water barometers.
Barometric fluctuations do not indicate changes in ground-water siorage,
but they disclose certain characteristics of the aquifer. At times they
mask other water-level fluctuations. Therefore, microbarograms of atmos-
pheric pressure are used in conjunction with records of barometric water—
level fluctuations to interpret the hydrographs of wells whenever accurate
reading of small fluctuations is necessary. The barometric fluctuations
are especially important during pumping tests wher small drawdown in a
well may be masked completely by baromeiric fluctuations. Observed
water~level fluctuations can be adjusted for barometric effects and this
is necessary before making computations based on effects caused by pumping.

Mechanism of barometric fluctuationg.~~Barometric fluctuations, like

gseismic ones, ordinarily are more prominent in artesian wells than in
wells that tap unconfined water. The water level in an artesian well
expresses a balance beiween the internal pressure in the aguifer and
atmospheric pressure on the water surface in the well. The water level
changes when the {wo pressures become unbalanced. Artesian aquifers are
elastic (Meinzer, 1928, p. 263-291). VWhen pressure in the aquifer
increases, the aquifer may expand and compress the overlying confining
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, in addition to the high incidence of southwest
winds, the greater range in water-level fluctuations induced by those
winds compared to winds from othsr gquadrants. In general, a southwest
wind of 12 mph noticeably affects the water level in a well, whereas a
wind speed of only about 10 mph from other quadrants is sufficient to
cause noticeable fluctuations. The difference probably is due largely
to the fact that the scuthwsst winds usually are less gusty than other
winds and tend to produce more gradual pressure changes in welis. An
increase in speed of 10 mph in a southwest wind causes a water-level
fluctuation of asbout 0.024 ft..whereas a similar increase in wind speed
from any other quadrants causes a water-level fluctuation of about 0.017
ft.

Significance of eclian fluctuations.-~Although wind-generated water

level fluctuations in wells are small t0 negligible, the fluctuations
often interfere with the interpretation of recordsr charts because they
mask other fluctuations. This is especially true during pumping tests,
when small water-level changes caused by pumping mmst be identified in
order to compute the hydraulic ccefficients of the aquifer. Wind-
generated fluctuations are legs apt to occur in water table wells than
in artesian wells. Their occurrencs in wells on the NETS shows that
the;é is poor communication between ground air and the atmosphere, so
that air pressure is not applied uniformly %o all paris of the water

table.
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in respongse to a gharp increase in atmosphneric pressurs. Figure 21 shows
typlcal periods of wind-gemerated fluctumtions, and intervening pericds of
relative calm,

Mechanism of wind-generated fluctustions.~—Winj-generated fluctuations

are caused by changes in alr pressure within the recorder shelters and in
the well casings. Air-pressure changes inside the shelter, caused by
fluctuatione in wind speed, are transmitted directly down the well to the
vater gurface. & gust of wind blowlng past & recorder shelter increases
the velocity and decreases the pressure of the moving air at the ends of
the shelter. The net effect is lowered air pressure ingide the shelter
and the well casing and & rlse of the water level in the well. As the
gust of wind dies,. the pressure in the shelter and well casing returns to
normal and the water level declines. 3Because wind speed and direction
never are constanf, pressure in the well casing fluctuates continually.
Peak gusts, which produce relatively large and very raplid pressure changes
within the shelter and well casing, cause the irregular and jagged traces
on the charts.

A wind blowing normsl to the axlis of the ventilator openings in a
recorder shelter causes the greatest water-level fluctuations in the wells.
For example, the vents in the shelter on well 3N=-29E-1ladl open to the
northwest and southeast, and the water level in the well responds more
strongly to winds from the northeast and southwest gquadrants than to those
from other quadrants. On the left gide of figure 22 is & plot of hourly
southwest wind speeds against the amplitude of the induced water-level
fluctustions. On the right side of the figure the fluctuations in

regponse to all windg except those from the southwest are shown.
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the well, and 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 NRTS respond readily to seismic waves becauss the aqui~
fer is a complex interlayering of permeable and nonpermeable basalt and
interflow sediments. The nonpermeable beds locally re‘strict communication
between successive vertical levels in the aquifer. Water between such
layers is subjected %o confined compressive force when the geismic waves
atrike, and responds like artesian water. It 1s statistically probable
that any deep well in the basalt penetrates one or more nonpermeable

layers at or beneath the water table and is able to reglster seismic waves.
Fluctuations Caused by Wind

Wind=generated fluctuations, which are recognizable on most recorder

ts from wellg on the NRTS, are momentary and do not indicate changes
in ground-water storage. Wind effects obscure the record of other water-
level changes and lessen the ascuracy of water-level readings from a
recorder chart. The rapid eolian oscillations also reduce the accuracy of
direct water-level measurements. The small fluctuations caused by wind are
a minor concern, however, and readings of water level are gsufficlently
accurate for most purposes. .

The amplitude of the observed water-level fluctuations caused by wind
averages between 0.0l and 0.02 £4; few exceeded 0.06 ft. Figure 20 is a
direct reproduction of the recorder itrace of the water level in g well

while the wind speed ranged from 6 to 37 mph and averaged about 25 mph.

The rapid decline of the water lsvel at about 9:00 am on November 23 was
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550 mi northwest of the Humboldt County epicenter, cansed a fluctuation of
.28 £t in the same well. Even successzive quskes from the same focus and
‘comparable 'magni'tuﬁ.e do not have uniform effects. The Fallon, Kevads
quake of July 6, 1954, magniiunde 7, caused a water-level fluctuation of
0.4 foot in wall UN-30E-Tadl, whereas the Fallon quake of August 24, 1954,
magnitude 6.8, cansed = water-level fluctuation double that of the earlier
guake. On the other hand, in some ingtances there is a direct apparent
correlation between the magnituie of the Quake, its distance from the well
and the amplitude of the water-level fluctustions. For example, an earth=-
quake on Jan. 11, 1953, magnitude 6-—1/2, in Yulkron, Canada, with an epi-
center about 1,650 mi distant, caused a water-level fluctuation of 0.09 £%
in the well. %The average of the fluctuations caused by the two {alifornia
guakes is 2.5 times that caused by the Yukon quake, the distance to whose
epicenter was 2.5 times that of the falifornis quake.

The surface and transverse waves of earthquakes do not noticeably
affect water level in wells. The observed seismic fluctumtions are
solely in responée to the compressional waves, which are analogous to
somnd waves. Local geoclogic conditions in the aquifer determine its
response to & seigmic shook and the efficiency with which the response is
transmitted throuvgh the aguifer. Water in wnconfined aquifers ordinarily
does not respond perceptibly to seismic waves because the waves travel
' very fast, affecting all parts of the water table about simmltaneounsly and
about equally, and the compression does not czuse water levels fe rise in
wells. Many artesian aquifers on the other hand, are gquite sensitive to
seismic shocks because the aquifers are elastic. The compressional wave

increases the pressure on the aquifer and forces some water out of 1t into
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available. The measured depth was 292 feet in 1949, but in 1950 it was
deepened to 310 ft. The chief aquifer probably is sand.

Significance of geismic fluctuations.—The seismic fluctuations of

water levels at the NRTS show only minor local disturbances. Most of the
shocks registered originated at foci hundreds to thousands of miles from
the WETS.

Study discloses a general relation between earthquake magnitude,
distance of the epicenter from the wells, and amplitude of induced water—
level fluctuations. Figure 19 shows the slopes of the lines obtained by
plotting, for earthquakes of equal magnitude, the amplitude of the water-
level fluctuations in well UN-30E-7adl against the arc distance of the
quake loci, in miles from the ERTS. Similar plots for other wells in the
Station and in the Minidoka North Side Reclamation Project show about the
same general degree of divergence between the lineg. The steeper slope is
obtained by the plot for the Japanese and Siberian earthquakes.

The amplitude of seismic water~level fluctuations in wells probably
is not a simple function of the magnitude of a quake and the distance of
its epicenter from the wells. The depth of the earthquake focus, the
type of earth movement that caunsed the quake, local and regional geologic
conditions, the paths of the seismic waves, and other factors must exert
appreciable influence. TFor emmpie, the earthquake on July 29, 1952,
magnitude 6-1/2, had its epicenter in Humboldt County, California about
675 m. southwest of the NRTS. This quake caused a water-level fluctuation
in well 4N-30E~-7adl having an amplitude of 0.15 £4. An earthquaks of
similar magnitude on Dec. 25, 1954, whose epicemntsr was off the' coast of

Cape Mendocino, California about 675 mi southwest of the NETS but about
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The epicenter of the Tulare Valley, California sarthguske, magnitude
7-1/2, was about 600 mi southwest of the NRTS and was recorded by 7 of 10
gages in opsration on the Station at the time of the quake. The amplitude
of water-level f'luctus.tions in the wells ranged from 0.18 £t to 1 £t. The
guake of November Y, 1952 on Kamchatka, Siberia, magnitude 8-1/Y%, whose
epicenter was about 4,100 mi northwest of the KBTS, was recorded by 5 of
the 10 gages. The water—-level fluctuations in the wells ranged from about
0.04 %o 0.09 £t. The greatest observed effects of seismic shocks were
those caused by the Fallon, Nevada quskes, amplitude 6.8 to 7, of July 6
and August 24, 1954, whose epicenter was about 400 mi southwest of the
FRTS. The first quake was recorded on 9 of 16 gages then in operation and
the second on 12 gages. The amplitude of the fluctuations ranged from
0.06 to 0.78 £% in July and 0.02 £% to 1 £4 in Angust.

The quake of August 12, 1953 in Greece, vwhose epicenter was a‘boﬁt
6,700 mi distant, was the most remote quake recorded at the NRTS. The
effect of the quake was registered on only one gage, and the amplitude of
the water-level fluctuation was 0.03 £t. The gage was equipped with & 10
in. float in & 12-in. casing. The shock probably was dampened out in
wells of smaller diameter by the frictional resistance between the floats
and well casings.

Selgmic~shock traces on several recorder charts do not correlate with
any earthquakes reported by seismological stations. The traces probably
represent minor selsmic disturbances at local foci.

Well 6N-32E-36adl (Second Owsley) is the only well on the NRTS on
which a recording~gage was opsrated longer than a year without registering

an earthquake shock. The well was drilled many years ago and no log is



Pable 22.,~~Seismic water-level fluctuations in well hn;3om~7aa1, National Reactor Testing

Station, Idaho——Continued

Water—-level fluctuation

Epicenter of quake

in well Pime Location Magnitude

Amplitude Time (acT) (Pasadena

(feet) (GeT) scale)

Dec., 21, 1954 .55 14-19 19:56 4i°N., 124°W., Humboldt County, California 63-6 3/

Feb. 27, 1955 .19 21-22 19:21 0ff coast of Honshu, Japan -
Mar. 1, 1955 .1k 03-04 08:03 Off coast of Mexico -
Mar. 17, 1955 .09 21-23 03:22 THear coast of Kamchatka -
Apr. M4, 1955 17 17-19 11:11 2294., 121°E., near south coast of Formosa 6
June 14, 1955 .08 ol-05 03:43  6°N., T83%., off coast of Colombia -
Aug. 23, 1955 .05 09-11 09:53 Mindanoa, Philippine Islands -
Sept. 8, 1555 .05 12-14 10:59 533°N., 160°E., near coast of Kamchatka -

af  Aftershock

v/

Pen trace on recorder chart indistinct.

98T



Table 22.--Seismic water-level fluctuations in well hN-}OE-Q?aﬁl, National Reactor Tegsting Station, Idaho.

(Quake epicenters and magnitudes from published records of the U. S. Coast and Geodetic Survey)

Water-level fluctuation

Epicenter of quake

Dat in well Time Location Magnitude
ave Amplitude Time (ecT) (Pasadena
(feet) (acT) scale)
Fov. 18, 1951 0.10 03:11 09:35 oé E., eastern Tibet 7
Mar. 34, 1952 «29 01:23 °K., OE., Hokkaide, Japan
Mar. 5, 1952 .06 15-17 15:46 ON., 108%°W., Gulf of California 5 3/4-6
July 29, 1952 .15 05-06 07:03 35 ., 119°¥., Southern California
Aug. 20, 1952 .35 1517 15125 ON., 127%W., off coast of Oregon -7
Nov. U4, 1952 .89 16-18 16:58 5239N., 159°%., east coast of Kamchatka g
Jan. 11, 1953 .09 22-24 aa;gg 65°§., 1330W., Yukon, Canada 6
Avg. 8, 1953 .07 18-21 18: 524°N., 1594°B., east coast of Kamchatka -
Aug. 12, 1953 ‘Oa 08-10 09:24 OF., 21°B., west coast of Greece 73
Avg. 17, 1953 8/, 02-08 02:12 3 °N., 21°8., west coast of Greece -
Avg. 18, 1953 .06 03-05 ol:37 - Aleutian Islands -
Sept. 30, 1953 .18 20-23 23104 2z°n.. 107§°w., off coast of Sinaloa,
- Mexico 6 3/4-7
Nov. 4, 1953 .04 01-0% 03:49  12398., 166§ B., Now Hebrides Islands 7.3
Fov. 17, 1953 .16 12-1% 13:30 14°H., 92°W., near coast of Guatemala 373
Dec. U4, 1953 .09 1415 14:55 U9AON., 1299W., off coast of Vancouver
Igland
Dec. 12, 195 .08 16-18 17:31 3%" , 81°%., off coast of Peru 7 3%
Jan. 7, 19 .04 o4-07 o4 & 07 = » gouth of Fiji Islands -
Mar. 19, 1954 .07 09-12 09:5% 33, 3°N., 116.1°¥., Santa Rosa Mountains,
Calif. 6-6%
Apr. 29, 1954 zg 10-12 11:3% 293°K., 1123°W., Gulf of California T73-7 3/4
July 6, 1954 . 09-11 11:13 °%., 11 °w., near Fallon, Nevada 7
Jay 6, 1954 8/.asg 13-22  22:08 308N., 118{°K., near Fallon, Nevada 6 3/%-7
Avg. o4, 1954 b/.g6 05-07 05:51 394°N., 1183°W., near Fallen, Nevada .8
Oct. 17, 1954 .10 22-24 22:57 314°N., 1163°W., Lower California 5.8
Nov. 12, 1954 .06 09-12 12:26 3140N., 116°W., Lower California 6.1
Nov. 25, 1954 .29 10-12 11:17 N., 1260¥., off Cape Mendocino, Calif. 61
"Dec. 16, 1954 >1.0 09-11 11:07 394°F., 119%W., near Fallon, Nevada T-T

481
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4504 Earthquake epicenter: Tulare Valley,

California. Time (MST) aond date

at epicenter: 4:52 am, July 21,1952,

—Shock record—y Apparent time (MST) of water-tevel fluct-

- - uation in well:between 5:00 and 7:00am.

Amplitude of water—level fluctuation:
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Figure 18.~Hydrograph of well 3N-29E-I4adl showing water-level fluctuation caused by a seismic shock.
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A. Earthquoke epicenter: Hokkaido, B. Earthquake epicenter: Gulf of

Japan. Total water-level fluctuation: California. Total water-level
0.29 foot. fluctuation: 0.39 foot.

Figure |7—Records of seismic shocks .in hydrograph of well 4N-30E-70d!
for parts of 1952 and 1954, showing waoter-level fluctuations.
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aﬁparent arrival time was one to two hours earlier than the shock at the
epicenter. Generally, the tremors registered by wells on the plain can
be Acorrelated readily with shocka originating beneath kmown eplcenters.
The amplitude of most seismic water-level fluctuations in the Snake
RBiver Plain ranged between 0.02 and 0.2 ft. The amplitude of the fluctua-
tions caused by earthquakes originating near Fallon, Nevada, and Tulare
Valley and Humboldt County, California exceeded 1 ft in seven wells on
the NRTS. The Fallon quake of December 10, 1954 caused a fluctuation
exceeding 2 £t in well 3¥-29E-14adl. The chart drum on the gages was so
geared that ons revolution of the drum (full width of chart) represents
either 1 or 2 £ft. Fluctuations exceeding 1 £+t or 2 £+ cauvse the drmm %o
revolve more than once and the pen retraces its mark (see fig. 18). TFor
that reason, the full émoun’c of the water-level fluctuation could not dbe
read from the charts. The magritude of the quakes causing the fluctua—
tions ranged from 5-3/% to 9=1/% (Pasadena scale). Table 22 lists all
seismic shocks recorded by the gage in well 4N-30E-7adl from November 1951
to December 1955 and correlates them with earthquakes reported by the
U. S. Coast and Geodetic Survey. ZRecords of all identifiable seismic
fluctuations in wells in the HRETS are in the files of the Geological

Survey.
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Very few seismic shecks were recorded in the ¥RIS in the early
period of observations. The gages were activated at that time by flsabs
hung from‘a single-sirand of copper-ceated stesl wire. Hore fieiﬁhieg
geometrically wound steel cable was used laber and increased the sensi~
4tivity of the gages, s0 that moTe shocks have been recorded since the
changs. Typical traces were cbiained on recorder charts from well UE-
I0B-Tadl (fig. 17) for earthquakes having epicenters in the Gulf of
California and gt Hokkaide, Japan. Becauss of the short instrumental
time scale, the charts doc not give & detsiled resord of the shocks, and
the exact time of arrival cannzst be dsfermined. I4 is not kunown whether
the water level in the wells roge or dzelined first, In a few instanses
the fluctuation of the water level in & well was g2 great that the chart
drum made one or mors complete revolubions and the pen trace on ihe
chart was repeated (fig. 18). The shock from the Tulare Valley,
California earthquakes of July 21, 1952 caused the chart drum e revoles
mnore than ones.

Or most of the recsrding gages a wime s3ale of 0.3 4n. per day was
used, and the smallest suhdivisicﬁ or. the chart was 0.1 in., represent-
ing a pericd of & hrs. At times come gages were equipped witﬁ gears
giving time scales of 1.2 and 2.4 in. per day., and the smallest aivi-
sions on these charts represent 2 and 1 hrs, respectively. In gemeral,

en charts from most gages the time could not be read closer than within

(5

two hours of the acttwsl time. Some errors were introdused alse by fas
and slow closks. Hensce. it was not posenblis vo¢ determine asourately ine
arrivel time ¢f an earthquake shock, or %4 campuie iravel time from the

epicenter on the tasis of these recorder chariz. In & few ingvences the
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fluctuations in water levels may be caused by earthquakes, wind gusts,
and barometric-pressure change. Bach agent causes a characteristic type
of fluctuation which is identifiable by the pattern it produces on a -

recorder chart.
Seismic Fluctuations

The offects of earthquake shocks on water levels in wells have been
observed for many years in various parts of the United States (Stearns,
1928; Stearns and others, 1930; Leggette and Taylor, 1937; Taylor and
Leggeatte, 1949; Parker and Stringfield, 1950). The seismic effects on
water levels disclose significant facts about the aquifers, which will be
discussed later. O0Of the three main types of earthquake waves, the surface
waves seem to De reglistered most efficiently in wells. These waves exert
a compressional force on the aquifer. The Survey maintains a nationwide
progren of observing earthquake effects in wells, in collaboration with
the T. S. Coast and Geodetic Survey, which publishes an amnual report of
water-level fluctuations caused by earthquake shocks.

Fluctuations caused by seismic tremors were first observed on
recorder charts from wells in the NRTS in December 1950. Since then many
others have Deen observed on charts from the NETS and from southern
Minidoks County, Idaho. The flo'at‘-actuated. recording gages used by the
Geological Survey in ldaho register an sarthquake shock by a vertical
line on the hydrograph, extending above and below the point on the hydro-
graph represeniing the position of the water level in the well immediately

r

before the seismic shock arrived.
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tc local and shorteterm influences. and enly funal rechayrge trends
ordinarily ars identifiable in the fluctua¥ions. In deep wells on the
Snake River Plain, short-ter:m to¢ nearly instsniterssus fluchtusiions are
caused by wind gusis, barometric-pressure changes, and sarthquskes.
Except for these, wabter levels in the deep wslls change but 1itile from
day to dsy, and the mnet changes during longer perinds are relatively smell
&t most places.

Fluctuations of the water itable are anslogous to those of the water

level in & swriace reserveir. In both csses the flunctuavions represent

&

storage changes. Some shirt—term changes. and 211 long-ierm cnes result
from changes in ground-waiter storage. Tns shorteterm flustuations also
zre clues to chagracteristics of the aguifsrs which otherwise might be
diffiewlt o determine.

Host water-level flustuaiiorns in wells on the Snakes River Plairn can
be readily idemtifisd with %thelr causes. The fluctuwations are grouped
here in four categcries, based on thelr duratieon: (1) Rapid fluctuations:
(2) Diurned fluctustioms: {3) Seazomal fluctwatisnsz: (B) Long-term fluc-
tuations and tremds. The hydrsgraph of well 2N-31E-3%5421 (USGS nc. 1) is
typical for wells on the Snake River Plain, and shows some principal

types of fluctuations (fig. 16).

Rapid Fluctuations

Rapid changes in weter level, o¢iher than those caused by pumping
from wells, generelly are czused Ty changes in ihs pressure-lead on
elastic aquifers or on the water aurface in walis. These fluctustions

ugually do not invelve cnanges in ground-water storage. Rapid
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discharge of ground-water to the Snake River measurably. On a propor—
tional scale, the reduction caused by depletion at the current rate on

the NRTS is negligible.
FLUCTUATIONS OF THE WATER TABLE

The static water level in a well having free commnication with an
wconfined zone of saturation is essentially continuous with the water ‘
table. For the purposes of this report, the two are assumed to coinclde
exactly. The water levels in artesian and quasi-artesian wells reflect
the pressure head in the aquifer. Fluctuations of water levels in wells
represent changes in the position of the water table or in the artesian-
pressure head. The water-level fluctuations discussed here are those of
unconfined water and the water table, including quasi-artesian water.

Periodic measurements of water levels in the NRETS and adjoining area
began with a few wells in July 1949. Recording gages have operated con-
tinvously irn some wells, but most of the gages were rotated among wells
in order to obtain recording-gage records for representative periods from
as many wells as possible. In addition, records of water levels in
various parts of the Snake River Plain have been obiained in connection
with other projects of the Survey. Some of those records are used in
this report. '

A shallow water table commonly fluctuates markedly during short
periods, regponding to local influences such as rscharge from precipiia=
tion and irrigation, the diurnmal cycle of evapoiranspiration, withdrawal
of water by pumping, and fluctuations in the stages of st,reams'and lakes

which communicate with the aquifser. A deep water table is less responsive



Artificial Discharce

Ground water ig pumped from many dcmestie, irrigation, municipsl,
end 4industrial-wells in the Snake River Plain. Ouly e part of the pumped

water is consumed by uge, and the resd rung of f or returns to the ground-

water reserveir. Indusirisl uge is chiefly for eocling ané cleaning.

Congumptive nse of domeshie water is moderaba. The grea®sszh consumpiiTe
use is by irrigated creops.

Ground-water withdrawals from perts ¢f the Spake River Plaln suhside
the NRTS far exceed withdrawasls on the Station. The apprerimate volime
af withdrawels for irrigation on the pisin can he sstimared. Souter,
(1853, p. 8), estimated tha* the yearly withdrawal in 19%2 irom move than
90 wells in and near the Aberdeen~Springfield dirrigation iract, serving
11,200 acres, was sbout 38,900 ac={+/yeax.

Crosthwaite and Scott (1955) es-imated thad grownd-water pumpags {or

avour 3TH,000 ac-

(=)l
Lt

irrigation in the Centrzl Snake River Plgin in 1
i, Growd water pumpage on the FRTE &wr ing rne =ame yea” vas ahoub
1,150 ac-f+%.

During 1955 the average daily pumpage of water on the NRTS was about
2.6 million gallons (see part 1, p. 62). Much c¢f the water returned io
ground-water storage through sespage pits and dispesal wells, bur Tesords

of the smount of water yeturﬁed are ibpcompleve. The averags rate of

withdrawsl or the FRIS in 1955 (eumevha moide then 4 710 ¢ 4dee oo
noticeably affet +the disctaarge «df sptings ‘o the "aizer o0 vhe Sozks

River, because the deplericrn ig fay less thar <he lrwer limur o7 dstet-

ticn. If irrvigation devslopmanis ccnbiwes ge predicced  they vwill requie
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Fatural 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 cfs in 1902 (Stearns and others,
1938, p. 163), but the rate increased markedly after the advent of irri-
gation on the Snake River Plain with smrface water diverted from the
Snake River. The rate now exceeds 5,500 efs. A general check of the
volume of water discharged from the ground water reservoir to the Smnake
River was obtained by study of the discharge rates at gaging atétions on
the river at Milner and King Hill. The increment to the Snake River
between these stations in 1910 was about 5,260 cfs. By 1917 it had
increased to about 7,250 ofs. It was relatively comstant from 1917 to
1936 but increased to about £,000 cfs between 1936 and 1942. In 1953 it
was 8,526 cfs. The increment includes scme ground-water and surface
discharge from the south side of the river, but is largely from springs
on the north slde. The rate of discharge from these springs was esti-
mated from records of a series of direct measurements of all the princi-
pal springs during 1950-55. The increase in the ground-water discharge
largely reflects new recharge from irrigation on the Snake River Plain.

Substantial volumes of ground water are discharged in other areas,
as by effluent seepage around the borders of American Falls Reservoir,
the upstream northerm edge of Lake Walcott, and along certain @gtream
reaches of the Snake River.

Evapotranspiration direetly from the watsr table is proportionately
small except in the Mud Lake Basin, in an area in the vicinity of Carey,

and in a fow other border arsas of the plain.
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‘2:900 ac=f5. That amount of pumpage would lower the water table only
about 0.2 £t per year, averagel for the whole station.

On the other hand, if the effective poresity of the aguifer is 5
pet, the effestive voelums of stored waber is 21,700,000 ac-f% and the
current rete of pumpage weuld lowsr the waber iteble conly abeut 0.13 £%-
per year, averaged for the whcls station.

Still assuming a static @'oundnwa%ér bedy, pumping on the Station
at a greatly enlarged continucus rate of 250 ofs would remove aboub
182,000 acre-feset of wabter yearly, loewering ¢he water table about 8.3 ¢o
12 £, and the reservoir would contain a 120~ s E0-year supply of waker.

Going farther afisld, considsr the ares ¢f the Snzke River Plain
used in the image-wsll study — 7,000 sq mi (1%0512106 as) = and sssume
the same average depth of satwrated thickness, — 1,000 £%. At 3.5 and
5 pet effective porosity, the velume of stored water is 1.6x10° or
2,2x108 ac-ft, respectively. If the total of effective net congumption
of pumped ground water on the Snake River Plain were at a rate of 1,200
cfs continuously, annual pumpage would e 874,000 ac-ft. If there were
nc recharge or artificial dischargs, the amual lowering of the water
table, averaged for the whole area, would be about § £% at 3.5 pet

effective porosity cr about 3.4 £t at 5§ peh.
DISCHARGE OF GROUND VWATER

Ground water from the Snake River Plain is discharged naturally from
gprings and seeps and artificially frem wells. Natural discharge is by
far the larger, bubt withdrawal from wells is proseeding at an accelerat—

ing rate. Some ground water is consumed direztly by evapotransplraticn.
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The Stationwlde aggregate effects from mutual interference among
wells, if all were pumped continually for long periods, could be computed.
The lowering of water levels throughout the Station at the present rate
of consumptive withdrawals, however, is inconsequential. Ilikewise, the
increase of pumping lifis, caused by matual interference, is sconomi-
cally incongequential. So it does not seem worthwhile to compute Station-
wide aggregate effects at thlis time. Morecover, further observations and
tests will lead to refinementa in calculations so that, by the time local
and reglonal effects becoms significant, useful computations of long-term

effects can be made.

Local Storage Capacity of the Agquifer

For compariscn with the computed effects of pumping, it is interesi=
ing to estimate the effects of pumping that would occur in the NRTS:if

 all water were withdrawn from storage within the Station boundaries.

" That i3, suppose that there were no recharge or replenishment by under—

flow and that no water were drawn intc the Station. Some simple calcu-
lations give a hint of the vast amownt of water stored in the basalt,
and they help to explain wb.y prolonged pumping at current rates om the
NETS have so little observable effect.

The conservatively estima‘aeci average effective porosity of the
Snake River basalt is 3.5 pct. Assuming that the average thickness of
the zone of saturation 1s 1,000 feet, the Atota.l effective volums of
stored ground water beneath the 43%5,000-acre Station is 15,200,000 ac~

ft. Nearly a billion gallons of water was pumped in 1955, or about
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Noticsable drawdown from pumping was thserved st a distanse of more then a
nﬁ.l’e from the pumped well. Theoretically, the cone of influence of well
AYP-2 hed spread te a dictance of about ¥ mi at the emd of T2 hrs.

The cone of influence would deepen and spread mush farther than ¥ mi
if pumping in well ANF-2 were continued indefinitely. For example, using
the theoretic hydraulic systems menticnsd sarlier in this report and the
average hydraulic preperties of the &xalce Biver basglt in the XRTS ares
and throughout the plein, compubtations show that pumping of well ANP-2
continuslly at a rate of 1220 gpm eventually would lower water levels in
the STR ares (about 18 mi scuthwest of the ANP area) sbout 0.3 ft. The
lowering of pumping levels in wells in the STE erea would be negligitle.
The amommt of interference between welle is proportional tc the rate of
pumping. Thus, pumping well ANP-2 at & rate of 610 gpm would lower water
levels in the STR area only about 0.15 £%. |

The drawdown in well ANP-Z2 &% a2 pumping rate of 1220 gpm and & pump-
ing period of 72 hre was 21.4 £t. If the well vere pumped continuously
the drawdown would increase until the cone cf influsnce stabllized and
equilibriuvm eomditions prevailed. Considering hydrogeclogic boundsries
and the averasge hydraulic properties of the Snake River basalt in the
NETS area and throughout the plain, the computed drawdown under equili-
briwm conditions would be 21.9 ££., Thus, if well ANP-2 wsre pumped
continuomsly at = rate of 1,220 gpm, the drawiown would be only about 0.5
£t greater then that measured at the end of 72 hrs. The insreasse in
drawdown is proporiionsl $o the pumping rate. If the rate of pumping
were 2,440 gpm, the increase in drawdown would be about 1 £t. The total

drawdown from long-term contimusl pumping et 2,440 zpm would be about Ll
feet.



168

The lowering of wabter levels is proportional %o the rate of pumping.
Consumptive withdrawals of 150 ofs at NETS, for sxampis, would rssuli in

drawdowns at points of observaticn 10 %imes those given in table 21.

Table 21l.-=Hgtimated affeets of pctentlal ground-water development in NRTS
on water levels in Smaks Rivar Plain

LIssumed sonsumpitive use on NBTS: 15 afs {11,000 ac=f% per yea.rﬂ

Point of Drawdown ¢f water levels
observabion {foet)

Mud Lake 4 0.6

Midway between Taber and Blackfoed 0.2

Southern Minidoka County 0.1

Local Effects of Pumping in the NRTS

Withdrawals of ground water from production wells in one part of the
ms eventually will lower water levels in other parts. The data from an
aguifer Sesh during Nev. 12=15, 1953, uging a group of wells in the ANP
area, illustrate local interfersncs among weils at the end of a relatively
short period of pumping. The drawdown of’ water levels in obserwation
wells, caused by pumpirg of well ANP-2 at a rate of 1220 gpm for 72 hrs,

were as follows:

Distance frem

Drawdown
Well puapad well ,
T (oot {feet)
ANP-1 595 - 0,80
ANP-Di sposal 1,960 00)15,

IXP-Di sposal 5,450 0.1
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steopens. Therefore, underflew frex the KRTS £¢ the plain decreamses, and
inflow %o the HRETS incresses. Water levels in the Sneke River Plzin ave
effected by changes in wnderflow from the FRIS to the plain and by changes
in inflow %o the NRTS from the plair. The megnitude of these effects from
pumping at the current low rates, of course, is vanishingly small.

Ground-water "pumpags from production wells on the FRTS was aboud
4 efs or 2,900 ac=ft in 1955 (see pt. 2, table 10). Much of the pumped
water was returned te¢ ground storage through disposal wells and infiltre-
tion pits, so the net depletion of ground water was low, probably ranging
from 15 {0 50 pet of the amount pumped at diffserent fecilities. The esti~-
rated consumptive use of water on the FRTS in 1955 is 1.7 ¢fs. Thecreti-
cally, withdrawal of this small amount of water will lower water levels in
irrigation-well fields on the Snake Rive:*";?lain only a few hundredths of &
foot or less. That is, the lowering from this cause will be indistinguish-
able from the lowering from other cauvses.

Suppose that the consumptive use ¢f ground water on the NRTS
increases by 1975 to¢ 15 cfs (11,000 ac—-f% per year). Computaiions similar
to those described ir preceding sections ¢f this report were made to
determine the effects of withdrawing 15 cfs on water levels in irrigated
areas on the Snake River Plain. The resulis of the computations (table
21) show that withirawal at the assumed rate would not lower water levels
noticeably in the Mud Lake,‘ Taber or Minidcks areas. N¢ allowance was
made in the computations for the partigl hydraviic boundery betwsen the
NRTS and Mud laks. The boundary probably redures greatly ths effect of

pumping at FRTS on water levels in the Mud Lake aresa.
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computations were made to illustrate the influence on the total drawdown
in the NRTS area of pogsible variances in the average hydraulic properties
of the aquifer (table 20). The table shows that the order of magnitude of
computed drawdowns is not changed by varying the aguifer properties within
reagonable limits. The computed values of drawdown that are based on T and
S valunes of Sx;‘l.o6 gpd/ft and 0.05 are believed to be realistic, so the
drawdown in the NRTS will be on the order of 5 to 10 £t after a long term

of years.

Table 20.~—Computed effects of pumping on water levels in

the NRBTS, at different values of T and 8.

Computed drawdown of
water levels in NRTS area

Agsumed values of (feot)
T and S Based on consumptive Baged on consumptive
uge in 195K uge in 1975
m o ltxlos gpd/ft, S = 0.025 T 16
T = #x108 gpa/et, S = 0.05 5 11
? = 1,2x107 gpd/ft, S = 0.10 2 6

Effects on Water Levels in the Snake River Plain

from Ground-Water Development in the NRTS

The amount of underflow beneath the NBTS is adequate to supply all
exigting facilities and all additional ones that ares definitely foreseen.
However, the area is not an isclated cell. Pumping from wells in the
NRTS causes a regional lowering of water lavels within the ¥RTS. 4s a
result, the hydraulic gradient out of the southern part of the 'ms is

reduced, and the gradient from surrounding areas on the northeast



entire sainreted thickness of

value of T computed from fest

some basslt draing very slowly, the ctefficient of siovage computed from
tegt data probably is muwg
During the early part cof e
stérage by gravity dralis
avgmented by the siswer
coefficiant of shorage of

tuje of 5 pet (0.08). To

wells, T and § values <f
nonequilibrium formiia.
Computed drawdowns in the NETS a2z the resuii of present and future
developments on the Snake River Plain were shown In teble 1¢. Geclogic
and hydrclegic studies made in the area bDelween the NRTS and Mud Lake

indicate the presence of partizl hydraulic toundaries in that area, which

5]

would ftend to reduce the Arawdos

drawals in the Mud Lake arvea.

boundaries can nct be appraise The
anticipated total drawdowns a2t the NETS after 100 years, which would be
caused by the estimated pumpage in 1955 and 1$75, are Y and 10 f%,

regpectively. This estimate meles zome all

aries near Mud Lake.

The thecretical hydrasiic melitl and comuia-
tions of drawdowns were mafec. uo T o o B _'1’3‘6 to 1.2x307 god/f-
and S veluves from 0.02% 2nd 2 0.00. These 77ondriinng are bPelleved t2 Te
minimum and mesimom possitilities <f the aou e The




Table 19.~Hstimated ground-water pumpage and its effects on water levels in the NRTS at the end

of 100 years

Area of heavy
withdrawal

Withdrawal rate

(Acre~fest per year)

Consumptive use
(Acre~feet per year)

Computed lowering of water
levels in NRTS area
(feet)

1955 1975

1955 1975

Baged on 1955
congumptive use

Based on 1975
consumptive usge

Mud Laks Bagin
Minidoka Co.
Taber-W. Bonneville
Aberdesen~Springfield
K. Jerome Oo.

Gooding & W. Jerome Co.

Total

270,000 %00, 000
160,000 500,000
80,000 240,000
60,000 90, 000
28,000 40,000

9,500 18,000

160, 000 240,000
100,000 300,000
60,000 180,000
33,000 50,000
14,000 20,000

5, 000 9,000

607,500 1,288,000

372,000 799,000

2.3
1.2
1.1

0.6

3.9
37
2.5
0.9
0.3
0.1

o —)

11.4

19T



)
(5
R

Effachts on Waber Levels in the NRIS {rom Regional Grouxbe

Water Development
£

Egbimated grownd-waler withdrawals from irrigation wells on the
Snolre River Plain in 155% and 1575 are glven iz tghle 19, Little more
than hglf of the pumped waler is consumptively used. The uncongumesd
portiens run off as suwrfsce waste or return ¢ the grouwnd-walter reser-
voir. Unconmumeld irrigation water which filters inic ihe aquifer cffsets
part cf the effecis of pumping.

23

The hydraniic cyshem cutiined ecariier and estimsted amounss of

oy

consumed water given in tarle 1% were ussdl o devermine the drawdoewn of

waker levsls in the NRTS area zs & result of ground-water development on
the plain. Fer stmputation purpeses, withdrawals from areas of heary
devsiopment were assuled to ve concentratel st pointe., The effests of
the real pumping wells and {he immge wells asscoiated with the hydrogeo-
logie boundaries of the Snake River rasait were cumpuied by means of the
nenegquilibrive fermula. A time interval of 100 yesrs was used in compu~
tations because 1% iakes that long for the full effects of pumping at
remote places o reach the NRTS.

The regults of aguifer tesis and specific-capacity date indicate
that the average coefficients of trausmiseibility and siorage of the
Snake River basslt are 4x10® gpd/ft and 0.025%, respectively. These
values were computed frem deta on wells which psnsirate only pesrt of the
agquifer and which were pumped during relstively shovt periods. A zrvudy

enezth vhe Snake River

mn
]
B
4
{%
1
f‘\
£

of the gradient ¢f the water talie

:_1‘

Plairn indiecstes that the srerage coefficient «f “ransmizaibilisy of the
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Thug, the basalt aquifer is not infinite in areal extent; it is finite,
and the Snake Rivsr is a finite boundary. This condition, and the fact
that the river is no% a siraight-line dsmarcation, wsre provided for in
our hypothetical hydraulic system by increaszing the distances from
heavily pumped areas to the line of recharge and by assuming an agquifer
with rectangular boundaries.

The influence of the hydrogeologic boundaries on the regional
effects of pumping were determined by means of the image-well theory
(see Terris, 1949). The image-well theory as applied to ground-water
hydrology may 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 effect on the pumped well is the same as though the
aquifer were infinite and another well, discharging at the same rate, were
located across the real boundary on a perpendicular thereto and at the
same distance from the boundary as the real pumped well. For a recharging
boundary the principle is the éame except that the image well is agsumed
%0 be recharging the aquifer instead of pumping from i%. The hydraulic
systen discussed earlier consists of parallel boundariss. Analysis of
parallel boundaries by the image-well theory requires a multiple image-
well system (Knowles, 1955). The image-well theory was applied in deriv-

ing the estimates in the following section of this report.
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sysbem consisbing of & rectangiar aguifer, 190 and 6% miles in leagth

end width, and enclogsd by Swo intersecting barriers and Swoe intersecting
recharging boundaries. Thelhagrier boenderies are the borders of the
Snake Biver basalt, sbout 10 miles nowthwest and B0 miles novtheast of the
CPP area in the ERTS. These boundaries coincide spproximetely with the
bases of mountains and hills thet berder %he entire Snaie River Plain on
¢he northwest, north and east. The recharging Founderies are two segments
of the Snake River.

Along the Snuke River above Milner Dam, influent reaches alternades
with effivent ones. Springs and seeps discharge ground water to the
river in some Teuches, and waber percclsbtes from the river into the agui=
fer in others where the water table is below siresam level. From Milner
Dam te Bliss, the wabter teble is higher than the river and ground water
is discharged continually.

Lowering of water levels aleng river reaches where influent or
efflvent conditions exiet will lessern the discharge of ground water o
¢he river or increase percoleticn of waver frem the river inbte the agui-
fer. Thus, the efflusnt reacnes of the river where the water table is
above the bed of the river are recharge boundaries which 1imit the spread
of the cone of influsnce. Pumpage on the plain uwlitimately will reduse the
amovnt of waler discharged from springs in the valley of the Snake River
and increase stream losses slong influent reaches ¢f the river.

In certain reaches ¢f the river, as froim Reoberds to Firith and fron
Lake Walcott to the wiciznity of Milner the regionzl water tatle is beleow
the bed of the river. PFurther lowering of water levels would not incrsase

river legses, 8¢ these reaches of the river are nmov regharge boundaries.
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and to an observation point were 20 mi, about 50 years would elapse
befors the cone stabilized at the observation point. By then the cons
would have spread more than 200 miles from the pumped well, if the aquie
fer wers that extensive, so the boundaries of the aquifer would hawe been
reached long since. . Thms, ground-water withdrawals remote from NRTS
ultimately will lower water levels in the Station, and pumping at the
Station will lower water levels elsewhere on the Snake River Plain.

Influence of Hydrogeologic Boundaries

The hydrogeologic boundaries of the Snake River basalt are irregular
in shape and extent, and the hydraulic properties of the aguifer vary
from place %o place on the plain. The reglonal lowering of water levels
by pumping, however, is not affected .nmch by irregnlarities in hydro-
geologic boundaries nor by variability of hydraulic properties. The
regional lowering is conirolled largely by the average hydraulic proper-
ties of the Snake River basalt within the large areas of influence of
pumping and by the general shape and extent of the boundariss.

The order of masgnitude of the regional sffscts of pumping can e
determined by treating the hydrogeologic boundaries as siraight-line
demarcations and making studies of a hypothetical hydraulic system that
satisfiea the hydrogeologic condisions of the aquifer. Ths regults of
aquifer tests and specific-capaclty data can be used to estimate the
average hydraulic properties of the aguifer.

Studies in the Snake River Plain show that the effechs of hydro-
geologic boundaries on the response of the aquifer %o puwmping .‘E’rom wells
can be simlated by mathematical analysis of a hypothetical hydraunlic



[
AN
pNE)

Regliongl Effects of Pumplizg

The impcriant facters sontrelling the rezponee of the Suske River
basalt t¢ the ground-wabter development just described are (1) the
hydraulic properties of the squifer (ccefficiemte of transmissibility
and storage), and {2) the hyirogeslsgic bourndaries of the agquifer
(border of the Snake Biver basslt and areas of rechsrgs and nabural
discharge) .

Under nabural condiiione, befere develcopment of wells, the water iz
the Snske River basald was in & state of sppi-ximeie dynanie equilibrium
in which discharge from the agiifer halarnced recharge. Dizgshersge by
wells disturbs the navural sfave of equilibriuwm. Pumping develops &
cone of influsnce arsund thes pumped well. The eorne, with its cender al
the pumped well, spreads radiszlly ouiward as wabter ls taken from storage
in the aquifer and water leveis are lowered in the area of influence.

The cone ccniinues %¢ grow until (1} the lowsred water levels cause
inereassed recharge tc or decreased matural Alcecharge from the aguifer, or
a combinaticr of these, and (2} the hydrauiic gredient beiween the pumped
well and the recharze and natursl discharge areas is sufficient tc bring
%0 the well the amcunt ¢f wabter pumpsd. The dimensions of the cone of
influencze depend uporn the hydraulic p:wperties' ¢f the aguifer, the location
and cheracter of hyd.r@geolaglc boundsrd les, and the rate of pumplug.

Considerable time elapses belfcre the oone stavilizes; but therealver

no water is taken from srorage., and a nevw gvate of gppreximate equili-

brium is established. For exswple, compuratizng show that 1f *the dig-

1

B3
A LEn

tance from a pumped we vo @ recharge area
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year by 1975; in the Mud Lake basin, about 400,000 acre-feet per year by
1975; and in the Taber-West Bonneville County area, about 240,000 acre-

feet per year by 1875.

Table 18.-~Estimated pumpage of ground water for irrigation on
Snake Biver Flain, 1955

Water pumped
Area (acre-fest
per year)
Mud Lake Basin 270,000
Southern Minidoke County 160,000
Taber-¥W. Bonneville County area 20,000
Aberdeen~Springfield tract 60,000
Eastern Jerome County 28,000
Gooding and Western Jercme Countles 3,500
Big Lost River Valley 14,000
Little Lost River Valley 11,000
Hational Reactor Testing Station 2,900
Total 635,400

In the Mud Lake Basin ground-water withdrawals are chiefly from a
perched water-bearing zons at ghallow depth and from artesian wells. In
the Big Lost and Little Lost River valleys, pumping is from an wnconfined
water body where the depth to the water table ranges from 3 to 100 f%
below the land surface. Pumping in these areas is from ground-waber
bodies that ars tributary to the plain, and increased pumpage :Jf the
tributary water will reduce underflow to the plain.



levels elsswhers. Currenfly, thare is no shorisge of grownd wader in the
Snake River Plain, but downsiresws users of Snake Kiver waber have z staks
in continvous copious discharge by the springs. Users ¢f ground waber on
the plain ui‘@is'mizsiy will compete Ior waber with downstreanm users. 4lso,
heavy pumpage in small aress will lover wabter levels logally. That

o

local competiticn will develsp long tefore rsgiczal competsit
Most of the acceseiltie walisr sopply of tne Snake River and 1% tribu-
tary stresmmws has been spproprisfed. Eupamsgicn #f the irrigated ax ie

contingent wpon mors efficient use of suface wever and on %he aveilablility

el markedly on the

of ground vater. Irrigeticn with groad waoer
Sngke River Flairn during the 10 years fvom 1986 2 15%%, and alour 75 pct
of the increase occurred after 1950. Mosgt pamping of ground water has
been done slong the fringe of the Snake River Plain and in tributary

valleys. Since 1950 developments heve spread from the iringss toward the

intericr of the plain, as in the Tahar-Was
nerth of the Minidcks Irrigabios Digerict Lo Kinidrge Counby.

Vithdrawals cf grovnd water {or irrigetion ov ihe Snske River Plain

*2

are estimsted in tatle 18. Pumpage was sbouwr £35,000 asre-feet per year
in 1955 and is expected %2 double by 1975 (see tatle 19). The expected
increases will be small in the Little Los® River Valley and in eastern
Jercme County., but large ir other arsas. The centers of sreas of heawy
withdrawals are locatsd near Mud Lakve. ersut 10 miles northwest of

lackfant (Taber-Wezé Bommeville fovméy aresn). wez? of imsrican Faile

Reservoir {Aberdsen—Springl ¢eld Fozr~), 4n southern Minidoks County  and

in eastern Jercme C

will e in southern Minidoks Coumry. epprosciizs 00 000 acre~feet per
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unifisd, forming a single regional system. The NRTS %aps water in that
system wpstream from many sourcss of recharge, bubt downstream from other
sources. The Station, therefore, is situated favoradbly for a large and
permanent water supply. The available supply, however, is not limitless,
owing to geologic factors that control the movememt and accessidbility of
the water, and to physical, economic, and competitive fastors that deter-
mine the feasibiliity of water recevery. The economic factors are not
discugged in this report.

The perennial ground-water yield of the Snake River Plain, computed
from water records for the natural-discharze area between Milner and
Bliss, is at lsast 4 million acre-feet a year. The average continuous
discharge of the springs is more than 5,000 cfs and may be as much as
5,500 efs. This represeﬁts all or mecat of the gr@’unda:vater yield from
the plain to the east. All ground-water developments on the plain will
tap the supply, and each development will have local and regional effects
on water levels. Thersfore, the following factors will now ba songidered:
(1) competitiTe demands for water; (2) ragional effacts of pumping; (3)

local and regional eifects of ground-water development on the NRTS.

Competitive Demand for Water

Several large dsvelopments of ground water for irrigation are in
progress on the Snaks River Flain, and other large develcpments ars
expected. The water discharged from gprings in the Snake River valley is
derived from the same reglomal body of ground waber that s‘&ppli'es these
devalopments. The ground-water withdrawals ultimately will lower water

levels at the HRTS, and withdrawals on the Station will affesct water
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Contributions %o total wnderfiow henesth the NETS a2t the

letitude of the STR z~aa

an’s
Underflow from Little Lost River Valley g5 61,000
Underflow from Birch Creck Vallsy 4G 100,000
Underflow from Mud Lake Basin 1C0 73,000
Seepage loss frem Big Lost River 25 18,000
Z59 250,000

The computed contributions from the Litéle Logt River Valley and
Biresh Cresk Valley are much larger than fhose ezltima%ed by Steasne and
others (1938). They es“ima*ed that wnderfiow ls 37,000 ac=f%/yr from the
Little Leet River Velley and 57,000 acff/yr from the Birch Crsek Valley.
Their estimetes were based largely on sgitreamfiow lcesses and they did not

include mderflow from the hsadwater aress 9f the streams, which does not

gppear at the land surfase.
. POTENTIAL GROUND-WATER DEVELOPMENT AKD ITS EFFECTS

Although the Snake River Pilain 1ls large and diverse, certain feat-
ures are characteristic of the pialn in genersal. Frem northeastern Idaho
southwestward and westward to the valley of the Snake River between
Milner and Bilss, the ne% diresticn of growmmd-water underfliow is south-

westward and westward. Througheut the plein only & smzall part of loesl

preci ion vecomes recharge water. Mest of vhe perenrial supply of
ground wabter is replenighed by underfliow frim tribtudary peripheral arsag.

Throughout the piain, permesble hagalt aguifers yield waser aopiouvsly $o

wells. The gystems of aguifers and *ribulery aouilers in tu: plaln are
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compensate for the decreased hydraulic gradient in that section. 3Basged
on aquifer—-test and specific-capacity data, and allowing for the fach

that the wells tested penetrate only part of the Snake River basalt, the
estimated average coefficient of transmissibility is 21’.106 gpd/ft in the
part of the section east of the STR area and )43106 gpd/ft in the western
part. Values of I and L for the two parts of the section were scaled from
plate 2. The compubted underflow through ths sastern and western sections
1s 6.1x107 and 1.6x108 gpd respectively. The estimated total underflow
beneath the NRTS at the latiiude of the STR area, therefore, is 2.2x10%
gpd or about 350 cfg.

The sources of the water moving through the section of the aquifer
under discussion are (1) underflow from the Little Lost River Valley, (2)
underflow from the Birch Creeck Valley, (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 Loast Biver norih of the 4480 water-table con~
tour, estimated from the streamflow data in appendix 2, is about 25 ef's
(18,000 ao=~ft/yr). Underflow contribdutions from the Little Lost River
Valley, Birch Creek Vallsy, and the Mud Lake Basin were computed by the
modified Darcy equation, using estimated values of T and flow lines drawn
to delimit the sections of the aquifer through which the increments of

underflow are moving. Follnwing‘are the results of the computations:
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VOLUME OF UNDERFLOW THROUGE THE KRTS

Phe volume of uwndsrflow throusgh an ares can be compubted by the

follcwing?noaified form of the Darcy equation (see Knowles, 195%5):

Q= TIL
in which Q is the discharge in galloms per,day, T is the coefficient of
trangmisgibility in gallone per day per‘foct, I is the hydrauvlic gradient
in feet per mile, and L is the width in miles of the ercss section through
which discharge ocours.

The rate of unierfliow through the Snaks River basalt within the WRTS
at the latitude of the STR aream, betwsen the 4U80O= and WUgO-foot waber-
table contours (see plate 2), has been computed. The transmissidility ef
the aguifer is variable within this section. The water-table contour mep
(see plate 2) indicates that the average transmissibility in the section
of the aquifer east of the STR area is much less than that to the west.
Bagsed on a study of linmiding flow lines, the wabter moving through the
section of the aguifer west of the STR area is for the most part underfiow
from the Little Logt River Valley. 4 part ¢f the wmderflow from the
Iittle Lost River Valley, underflow from Birch Creek Valley, and underflow
from the Mud Laks basin is moving through the section of the aquifer east
of the STR area. Underflow from Birch Creek Velley and the Mud Lake bagin
is much greater than that from the Little Lost River Valley. Therefors,
the volume of undsrflow east of the STR area is much greater than that
west of the STR area. However, the hydrauvlic gradient of the water table
west of the STR area is much greater than that-east of the STR area. The

greater width of the cross section east of the STR area does not fully
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however, that the lower water table in the west is caused by some other
factor, guch as an area of high permeability in the scubhwest, which
would tend to bleed waber off and crsate a gradisnt in that direction.

Ground water that flows southsasitward into the NHIS from the Little
Lost River Valley seemsg %0 have only local &ffscis on the direction of
movement through the Station.

In summary, water aenters the NRTS from the north, northeast and
northwest and moves southward to soubthwestward through the Station. The
direction of movemsnt beneath a glven peint or specifisd arsa, however,
probably differs apprecisbly from the directions indicated by the map.

Mogt planning maps for construction areas on the NRTS include a
directional *rose® showing true and magnetic north, prevailing wind
direction, direction cf swface drainage, and dir;@tion of ground-water
underflow. The direction of underflow should be prominently labelled as

a rough approximation.
Regional Movemen?®

Gromd-water in the Snaks River Plain moves generally southwestward
toward the famous springs along the vallay of the Snake River between
Milner and Bliss. The hydraulic gradients are variable but generally
they are on the order of 5 %o 10 ﬂ/mﬁ.g Practically nothing is known
about the hydrology of the vast, uninhabited central lava plain betwseen
the NRTS and the belt of irrigated land on the west, adjacent o the
spring-discharge area. Most of the water from the northeadt moves through
the uninhabited plain on its way %o the discharge area.
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The maps accorpauying thies report avrs not presiss. FHowerer, they ars
sceurate because they are bzzed on a reasomable amowni of data, ther are
congistent with the data, and they show the true pesitien of the waber
$eile within e.' emall margin of error. Therefore, they correctly gsnerzl-—

ize the form and position of the water table.
Hovenent Beneath the Stadion

Accepting the wabter—teble map {pl. 2} as an spproximately correct
regional pictare, it shows that waber entsrs the northsern KRTS from the
nortk, west of Uireuler and Ankelope Bubtiss. Underflow in this area is
chiefly from the Birch Creek Valley and the western part of the Mud lake
Basin. 4 few miles to the south in the ERIS thie water veers southwesh~
ward. .

West of Cirgular Butis, u‘édsrflw from the Mud Lake basin is south~
wvard into the pleirn west of the NRTS. This watsr also weers soubthwssh-
ward and scme of it enters the scutheasbern part cf the ERPTS. At lesst
three factors, separately or together, msy cauge thie behavier., (1) The
infive of water from the Muid Lake bagin may te greater than that from the
north, A heavier ianflwx from Mui Lake would tend to dulld up the waber
tablé in the east and creats & gradient toward the Station. This cause
is at least parily responsible fcr the observed phemsmens. (2) 4 non-
permeable barrier sounith of the Mud Lake basin would tend to impound
groung water, which would ssteblisgh a weebtward gradisent and move in that
diresticn. No direct evidsnce of a harrier ie aveiladls. (3) A prepcn~
derance of preferred diresztions of permesbility may trend westward or

southwestward, sbunting weber in thaet direstion. It sgeems more liksly,
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Cooling cracks tend ¢o be normal %0 the coocling swfaces of a lava
flow, regardless of the direction of movamens, Open joinis caused dy
differential movemen®t and gettling of hardensd lava orusis seem o be
quite random in orisndaiion. The longlitudinal crevasses in border rolls
are parallel tc the front of the flow, and the iransvsrse frasiures on
the border roll are about normal to ths frond,

In all cases, as suscessive flows accumulated, the basalt would
consist of successive layers having differing directional permeabilities.
In projestion onto a plane these directions would form a random pattern
of interwoven linss.

Many of the late lava flows erupied frem a 1lins of voleanic vents
along the axis of ths Snake River Plain, and some flows spread northward
and southward (see part 2, p. 77~78). If this was $rue also of the deeper
lava flows in the zone of sadturation, and if the diraction of greatest
permeability has scme systematic general relation %o the direction of
flow, then the average dirsciicn of greatest permsability bensath the
HRTS may te wesiward or scuthwesiward. Vestorial variation may account
for some pecularitiss of the configuration of the water %able beneath
the NRTS.

In gummary: for mathematical treatment and descripitions of condi~
tiong, idealized assumpiions are ﬁeceSs,ary ‘because, without them, no
deseription of the behavior of water or an agquifer could be derived ah
all. The results must be weighed sgainst observed facts and modifisd on
the bagis of experience and judgment., Similarly, cbserved data must be
interpreted and used with understanding of their naturs and limi'tations,

and the distinction between precision and ascuracy must be recognized.
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therefcre, are not shown Dy water—-table contows maps. These maps, based
on water—table altitvdes in widely ssafbered welils, are coensiructed by the
method of “logical combouring, medified somevinat by geologic judgment. 4
map, therefore, is a rather crude geneveligation. It correctly represents
the gereral configuration of the waber %able, and from it the genersl
regional directions of unierflow may be inferrsd. Thus, *he map is accn—

rate without being precize abovt locel detallis.

For these reasons, the writer prefers %o ok of underflow as being
along the path of least resistance — a path which seldom can be deter—

mined or shown on a2 map. The path «f leas’ resiztance 4 net necesserily

pe

the direction of maximum permeatility el ner, Teszause permeabilify is

only cne of sgeveral factors that corbrel the waier movement. At

ql

pleces, movement probably is a® an angie to the direction of maximum per—
neability and deviates from the apparent directicn of mazximom gradient
shown on & map.

Through wide areas and large depih svierTale, %he ovientation of
directional varistions in the permezstrilaty ¢f basali layers s randem,

For example, lava tubes, whether large or very amall, %end o extend

i

roughly parallel %c¢c the direction of flew of the lava. Highly fiuwid thin
flows of lave develop a lineation of small tules and pores in the direc—
tion of flow, and in some flows *hese mey sozme*itute mest of the effec-
tive porosity. A succession +f £flows Tha- spread radlally ontward {raw
a velcanie throat or Tizzwre won “arn of liner of MEXe

imum permeability. In overlapping %o d-77 g vo oY oving evuphive

center, however, the lines weuid have 4iffersni d.1c-~tiona,
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of movement canmnot be calculated accurately for any specific locality
because of the heterogeneity of the agquifer and other quantitative
unknowns. A general or average velocity might be determinsd by identifi-
cation and direct: measurement ﬁh:ough test holes of a thread of water ab
successive points. The water follows tortuous paths through the basalt,
however, and its speed along those paths can not be meagured, The
apparent speed would be net velocity o:é’ change of pesition in a straight-

line direction between the pointa.
Direction of Movemant

Ordinarily it is assumed that the movement (underfilow) of ground
water 1s in the direction of the maximum grade of the water table, at
right angles to the water-table contours. This assumption is correct for
the idealized conditions which must be assumed in mathematical treatmentis
-~ a frictionless fluid in an 1s;tr03_:ic aquifer. 3Bul natural aquifers

' aée not perfectly homcgenecus, and the Snake River basalt is conspicu-
ously hetercgeneous in its physical properities. For example, great
directional differences in permeability and porosity are cbvious from
ingpection. For practical purposes, a compromise must be reached between
idealized and actual conditions.

Where ground-waiter moves thréugb. successive rock zones which differ
in their permeabiliiy, the flow lines are refracted in a way analogous to
the refraction of light rays as they pass through media having differing
optical densities. Precise water=table centours would bend wherever the
flow lines bend, but the real pattern is so complex and 1ocaliz;d that 1%

eludes detaction in a coarse grid of observation points. The details,
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The velocity of movement thretgh messive basalt obviously is small %o
nil. For the basalt as & whele, srufs sgtimates indicate aversge veloci-
ties in the range of about § %e 30 £t per day, depending on the waluss
assumed for porosity, saturated thickness, and transmissibility. Assuming
a saturated thickness of 1,000 feet, a gradient of § £% per mils, and uni~

form digtribuiion of porssity, the fellowing range of velecities is imndi-

cated:
Transmigsibility Porogity Velocity
(gpd/ft) {pat) (£5/dey)
2,000,000 1 26
de 2 13
do 3.5 7.4
do 5 5
5,000, 000 2 32
do 3.5 18
do 5 13

On the other hand, we know that the porosity of the agquifer is not
uniform, some gones being extremely permssble and cthers having 1little or
no permeability. Most ¢f the movement is through the highly permeable
gones, where the velocities greatly exceed thosse in other zones. 8So
trisl computations have been made, using average transmissibility walues,
and estimates of the thickness and porosity of highly permeable gones.
These computations indicate velocities ranging wp te 300 £t/dey.

From place %o place and from leyer %o layer, the wvelocities evi-
dently vary from almest nil t¢ several hundred feet per dsy. The speed



146

In the casgse of water flowing through heterogsnecus interflow sedi-
ments, the critical value of R probably is small, but the velocity is so
low that laminar flow can be assumed safely. In the basalt, 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 very
wide. Pogsibly, turbulence occurs where the openings are small and the
velacity is high, but the velocities even thers may be 00 low to cange
$urbulence.

These generalizaticns lead to no definitive a#swers to practical
problems, Natural ground water mixsg with introduced solutions to some
extent as a result of turbulence in the close vicinity of intake wells.
Dispersion also causes some dilution. 3But so long as we lack quantitative
information about the extent of dilution by mixing and dispersiomn, we
must assume that ground-water flow is laminar and that no measurable mix-

ing occurs except by chemlical diffusion.

Bate of Movement

No underflow velocities of ground water have been determined on the
Snake River Plain, but experiments and observatlons ars in progress.
Determinations of velocity at gpecific locations would be very valuable
to establish a range of magnituds, but the values would not be generally
applicable to the entire HRTS. Theorsitic calculations have been made,
baged on hydrologic observations and assumptions, and if these were
checked empirically at a few locations, procedures might be developed for

dertivingcreasonadly accurate estimates for other locations. 4
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The nature ¢f ground-wabter movemant is imporiant iv msny ways, and it
is a critical fastor in the waste digpeszl probliem of the atomic-ensrgy
indugtry.© Where flow is lamibar, liguid waste that reachss the zons of
sabtration ms;v: be dilvied but 11itle exoept by ths process of diffusion.
A heawy liquid waste might gravitate inte ¥dead® areas, low in the zone
of saturation. where the flow veloolty is small %o Pni,l? and remsin there
for a long time. It migh% not be s hazard even thouvgh wndiluted. If
flow is turbulent, however, considerslly more mizing and dilution cf
wastes will eocur,

An index of the tendensy of flow o0 be turtulent is the Beynelds
nunber, which is defined hy the equatiocn, B = %;:, in which R is the
Reynolds number, L is a typiesl dimensgion (a tube diameter, & depth of
channel, ete), V is the velocity of fiow, and ¥ iz the kinemetic viscos—
ity of the flwid.

The threcheld of bturbulent flow in cleged full pipss generally is
agsgumed t¢ be about at R = 2,000: for free surface flow 4% ig aboud
R = 500; feor ground-wabter flow the erperimentally deatermined threshold is
between 1 and 10 (Fancher and cthers, 1933). The oritical value of R
varies considerably with beuniary gecmeiry, owing partly to the arbitrary
definition of the dimengicm, L., For pipes, L is the diameter; for fres
surface flow it is the depth of the waer; and for growmd-water flow it
ig the averags diameter of grains ir the water-bearing medium. The
concept of ¥grains® is pot sppliceble %2 taselt, Dut meny of the water—
bearing cpenings are more like rough, irregulzr pipes. Assuming various

diameters of "pipes® and using water velosities in ranges up te seversl
hundred feet per day, the computed Reypolds muwbers are far velow the

threshsld of turbulence.
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from gravel aguifers, and the nature and rate of movement also may differ
radically. There are bound 4o be wide local wariations in the spesd of
movement. Therefors, knowladge of the velocity past a peint, if it could
be determined, might have 1ittle practical wvalue. No empirical data are
available about water movememt in the basgalt and, for the present, study

of the problem must be based largely on theoretie principles.

Nature of Movement

We have no direct information about the nature of ground-water move~
ment ‘ﬁecanse it cannot be observed dirscily. The movement ususlly is
assumed to be laminar (streamlined). Darcy's law, the Thiem formla, the
Theis nonequilidrium formula and others assume laminar flow. TUnder
laminar-flow conditions velecity varies directly as ths loss in head.

The applicability of Darcy’s law and its linear relationship of
velocity to head under conditions of laminar flow has been disputed from
time to time. Absolute proof of its applicability is lacking, dut circum-
stantial evidence supporis i%. The observed responses of aquifers and
hydraulic systems to pumping and racharge are quite close to the responses
calculated from the clagsic formulas. Therefors, the assumptions on
which the formulas are bagsed must be substantially correct for ordinary
aquifers under ordinary conditions. Although the Snaks RBiver basalt is
not an ordinary aquifer, its observed areal responses to rschargs and dig-
chargs also conform resasonably closely to calculated rssponses. The
welght of evidence now available favors belisf that turbulent motion is

rare, if i} occurs at all, except in the cloge vicinity of discharging
and recharging wells, heavily flowing springs, and perhaps in ground-

water cascades.
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Funderground rivers," vast “underground lakes,® mysterious sources of
water deep ir the earth's interior, or grsat underground tumnels that
semehow t4p the Grest Lakes or the ice fields of the far morth, as has

. been postvlated by imsginative laymen. The pore mpaces of ordinary recks
ani sgediments are quite adequate to store and transmit very large quanti-
ties of ground wabter, and precipitation on the basin of ths Snaks River

easily accounts for all water perennially discharged from the plain.
GROUHD-VATER MOVEMENT

Ground water moves constantly from recharge areas toward discharge
areas. The rate of movement generally is slow compared to that of
4sufa.ce water. Zarly experiments (Siichter, 1905) on Leng Island, New
York anéd in the Mohave, San Gsbriel, and Rio Hondo River valleys in
Californis indicated underflow velocities wp to 96 £t per day in alluvieal
aquifers. Studies in the South Platte Valley near Ogsllala, Nebr.
(Slichter and Wolff, 1906), showed velocities of sbout 14 ft per day.

The conditions of the tests were not fully described sc¢ they cannot be
duplicated by check experiments. Later computations, bosed on perme—
gbility and hydrsulic gradients, have uniformly indicated much slower
average underflow velocities irn similar aguifers. Fifty to 60 £t per day
ig believed to be in the high range of veloclties of underflow in alluvial
aquifers under ordinary conditions. '

The mode and rate of movement of ground water asre important fastors

. in several operational problems on the EETS, especially 11quid-vastg
disposal. | 'Ehe. basalt a&:nitfera of the Snake River Plain d.if:t’er radics;lly



142

3.5 pet in the basalt and 25 pct in the lesser volume of wabter-bearing
sediments -~ probably is at least 5 pet. If so, the effective volume of
stored water is about 5x103 ac~ft, or about 135 itimas the storage capacity
of the surface reservairs.

All the water stored in effective pors space is "holdover® storage
and is between 200 and 300 timeg the average amount of holdover storage
in the swrface reservoirs. If the plaingwide average of precipitation is
10 in., its average yearly volums on the plain is about 8,3x.106 ac-ft.

The water stored in effective pore space is equivalant to all the precip-
itation on the plain in 60 years. These estimates accent the size of the
ground-water resourcse.

Although the volume o:ﬁ‘ gstored water is enormous, the effective volume
vhich it would be practical to use is much smaller. Most of the water is
in dead storage, and to pump a large percentage of it would entail heavy
drawdown, high pumping 1ift, and excessive sost. That 1g, the long~time
average rate of withdrawal camnot excesd the long-term average rate of
replenishment without "mining® holdcver storage that would not be renswed.
The unconsumed perennial yield of this aquifer is about 1&52::106 ac-ft,
Spread out in the zone of saturation east of Xing Hill, this would occupy
a thickness of only 8.4 £t of the aquifer.

These very crude sstimates szﬁ’ely are substantially in error, dut
they are useful, as will be shown later. Also, they belis certain popu-
lar notions. ZFor example, they illustrate that the tremendous ground-

water yield of the Snake River Plain does not require the presence of

r
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AMOUNT OF GROUND WATER IN STORAGE

The grouwnd-water reserveir of the Snake BEiver Plain east of King
Hill underlies-nearly 1l million aeres of land. Drilling resords show
that water=bearing rocks are present %o dep‘F;‘;hs of at least 1,500 £% ab
the FRTS and 1,600 £4 at Idaho Falls. The maximum and average depths of
the saturated zone are not known becauce nelther the full depth nor the
whole area has besn oxplored. Nevertheless, we can estimate the amount
of water in storags, using generel knowledge about the aquifer and its
properties.

Assume, for the moment, tha! the average thickness of water-safurated
material is 1,000 £$. The median smeli-pore porosity of the basalt is
gbout 13 pet (see p. 58). The estimated effective formational poresity
¢f the basalt from oper fragtures and other megascopic voids is about
3.5 pet (see p. 61). Interflow sediments and sediments intertongued with
the basalt around the plain prsbsbly averasge about 25 pet in porosity.
Their volume is lesg than that of the basald, butvtoh,ey raige the overall
average porosity somewhat. Therefcre, it seemg 1likely that the plsing-
vide average porosity of waier-bearing material is about 20 pst.

On that basis, the i0-million acre area east of King Hill contains
1010 ac-ft of saturated material in which the total water content is
2x10% ac-ft. This is roughly a thousand times the combined storage
capacity of all the surfase reserveirs on the Snake River above King Hill,

Only a part of the $otal volume of water is in effective pore spase.
Most of it is 4n caplillary porss and closed voids from which it would not

drain by gravity. The plainswide average effective pors spacs — asgunming
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The estimats actually is conservatively low despite increassd con~
sumptive use of water in the Mud laks basin sincs 1927. The estimates
for contributions from ths Caeniannial and Beaverhead drainages wers based
on surface discharge of streams and loss of wader 30 the ground in the
gtreams. Ground-water wnderflow from the mouwntains and valleys that
never appears at the surface was not included. The %otal unconsumed
underflow through the Mud Lake bPagin may be two or mere times the
amount estimated. Hone of the water is directly availiable to the NETS.
Nevertheless, the basin is a major factor in the regional hydrology
because through it moveéa large increment of wabter fo the plain in and
near the NRTS, This fac% would bear materially on the wabter-supply
probler at the Station if a very large supply were developed in the
- future. The arsa of influence of large fislds of heavily pumped wells
might extend far beyond the doundaries of the Station, and the wells then
would draw in water from the adjacsnt area.

Mud Lake and assoclated small lakes, ponds, and sloughs are fed by
offluent greund water. The hydreicgy of the basin is exiremely complex,
for it contains sxtensive bodies of perszhed ground water, copiously pro-
ductive artesian aquifers in some areas,; and a main zone of wmconfined
ground wabter. All or most of the ground water that is not consumed in
the basgin isg discharged sou%hward‘and southwestward, becoming a part of
the main body of water in the bagal? beneath the Snake River Plain.
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Plain during 1921-1927 wers 36,700 ac=r% from ke Litéle Lost River
valley and 57,300 ao-f% from Bireh (resx valley. Later sstimates are

given in %he sechion of this

v

m

the ERTSY.
Tnderfliow from the Mud Lake Basin

The Mud Lake bazin, walich lies sas?t and noribeagt of the northern
part of the RRIS, recelves large convribubicns of ground waber by unisy
flow from the valleys and mountains %o the nordk, chiefly the Cenbennial
and Beaverhead Mounteins. Surface &ralnzze into the Mud Lake basin is
very small, and ne water leaves ‘he Sagin as swiace runaif. Stearns ami
others (1938, p. 231} estimased ihat ihe undsrflicw coniributicns te the
plain from Beaver and Camas Cresks abeve Dubols during 1921-24 averaged
sbout 103,000 acre-feet anmuslily, and shat from Medicine Lodge Creek was
about 49,500 ac~ft. Much of the ground waier is ussd for irrigation in
the Mud Leke basin, but the wnecnsumed regiduval ground-waler recharse
probably is on the order of 75,000 ac—f%t. Im sdditicrn, & largs increment
to the bagin is believed 4o bs contribused by unészflow {rom Egin Bench,
an irrigated area east of the basin. Stearns and cthers estimaded that
that contribubtion in 1920-27 swersged not less than 140,000 ac-ft yeazly.

All the estimates were crude and are ouidated because of subsegusnt
developmental use of additional ground webter, but they show that the Mud
Lake basin is an Zmportant kydrclegic zomponen* of the Snake River Plain.

The uncensuned annual incorement ¢f ground watsy 40 the beszin is on the

i

order of about 215,000 as=ft/y=.
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from adjacent intermontans vallsys and highlands and from adjacent parts
of the plain. Areas that conizribuds itridbutary underflow include the
eagtern slope of the Big lLost River Range, the Lemhi Range, the Beaver~
head Mountains, the Cenitennial Range soudh of the Salmon River and

Continental Divide, intervening walleys, and the Mud Lake basin.
Underflow from Nearby Valleys

The Big Lost River Valley abcve Arcc is one source ¢f recharge to
the Snake River Plain. Water discharged by underflow along the channel
of the river, as welj. as deep percolation losses from irrigation, joins
a local body of ground water in the valley and mcvss by underflow into
the plain. The water passeg scuth of the NRTS without contributing
directly to wells on the Station, but it helps to maintain storage in
the regional ground-water reserveir. Stearns and others (1938, p. 2U5)
estimated that the average contridution of ground-water underflow from
the Big Lost River Tallsy to the plain during the pericd 1920-27 wasg
226,000 ac~f% yeariy. The estimate was based largely on streamfliow
depletion and esitimates of evapotranspiration. Very likely the actual
contribution is nearer 300,000 ac-ft.

Underflow from the valleys of the Lititle Losgt River and Birch Creek
directly replenishes the ground wz;,ter beneath the ¥RTS. Ground water
from the valley of Little Lost Biver enters ths Station beneath the
central part of its northwesit boundary, and wnderflow froem Birch Creek
enters from the north. Stearns and others (1938, p. 232, 233) estimated

that the averages amnual contributions of ground water to the Snake Hiver
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The ebove estimates were derived by over-gimplified methods and they
are indicative only. They may be revised when longer records ¢f stream—
flow are available and when other pertinent data are obtained. Most of
the river water reaches the zone of sgaturation in parts of the FRES where
it eannot be recovered directly by existing wells. Nevertheless, the
wabter helps t0 magintain regionsl grommd~-water storage and is, in effect,
a contribution to the KBTS supply. |

Ephemeral Drainageways and Playas

Small playas and undrained depressions are scattered widely over the
ERTS and most of these contain ponded water after occasional periods of
flash rumoff. BRecords of measurements in three playas along the Big Lost
River channel show the general magnitude of rates of infil{ration in the
pleyas (see p. 30~35). The data are important mainly because they show
that infiltration does oceur in the playas despite the low permeability
of the sediments., The obgerved infiliration occurred during transient
conditions that will recur only rarely, so no special computation was
made of recharge in playa sreas. The small average amount of yearly
recharge from the playas was included automatically in the previous

estimates of average direct infiltration of precipitation.
RBecharge by Underflow

Recharge by underflow is by far the larger source of ground-water
replenighment in the vicinity of the NRTS and perhaps in the whole Snake

River Plain. Ground water beneath the WNRTS is replenished by underflow
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or was dissipated by evapotranspirabion beiween station 1 and Big lost
River playa 3. Some transpiration occurred in the playa areas and in a
fow places along the river channel wherse zcil and grawel retain suffi-
cient soil moisdture to support sparse growths of willow, wildrose, and
cottonwood. 3But most of the evapotranspiration loss was by evaporation.
Evaporation from the river and transpiration along its borders in the 4O-
mile reach in the NRTS is assumed to have averaged 0.1 ft/day. The area
of the evapotranspiration belt is about 200 ac. The estimated evapotrans—
piration loss was about 20 ac-ft/day, or slightly more than 8,500 ac=f%
during the Uoh-day period. The residual discharge of the river during
that period — about 128,000 ac=f% (39 billion gallens) = presumadly
became ground-water rechargs.

The mean discharge of the river past staticn 1 during the 9-year
period of record (see table 1) was about 58 cfs (see p. 14). None of the
water escaped from the NRTS by surface runoff. The chamnel at station 1
is in basalt and ungaged wderflow past the Station probably is negli-
gible. Ordinarily, the river dces not extend much beyoend the old diver=
sion dam in ses. 6, T. 2 N., R. 9 E. Evapotranspiration loss in the
reach of a few milas below the Station is probably about 3,500 ao-ft/yr.
The estimated average yearly contribution of the Big ILost River to
ground-water rechargs below staﬁibn 1 during the periocd 1947-55 was about
42,000 ac=-f%, and the average daily contribution was about 115 ac=-ft —
substantially mors than the total amount of water for which the Commigsion

had filed application for water rights. .
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Where baselt is expused (no soil eover), waser from heavy rain and
snownelt enters the ground repidly, and the preporticn reaching ®he zone
of satura¥ion is higher than in soll-covered areas. Depending on the
seasonsal disﬁré,bution and storm-intensity of precipitation, and on the
snow cover and ite melting radte, ground-waber recherge on the Stabtion mey
range from nil in some years to an inch or more in other years. Assuming
an average of 0.25 in. yearly, the wolums of direct recharge on the
entire station (about 4,000 as) is sbout 900 ac £%, squivalent to a con-
tinuons flow of 1.25 afs. This is about equal to the estimated consumpbive
use by NRTS facilities in 19%% and about 30 pet of eztimated gross pumpage

in that year.

Recharse from Surface Drainaceways
Big Lost River

Upstream runcff in the Big Lost River is stered in Mackay Reserveir
and is diverted above Arco for irrigstion. Ixcess ronoff which spilils
over the dam is gugmented by return flow from irrigated areas below the
reservoir and is discharged ontc the plain. Some of this water evaporates, -
but a large persentage sinks inte the river bed and becomes ground-waber.
The river loses water in its entire course acress the plain below the
irrigated area and eventuslly disappears.

The gage record at station 1 (table 1, appendix 2) shows that from
Aogust 1, 1951 t¢ September 30, 1952, a psriod of exzeptionally high
runoff (see figure Z2), the river discharged ghouk 136,960 ac=ft (W42
billion gallons) of waber past the Station. The river channel is perme-

gble throughout the NRTS, and all the wabter either sank into the ground
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during spring thaw periods when melting snow supplies water to the ground
rapidly and in excess of the soll-moisture rsquirement, and during
occasional torrential summer rains that produce excess water.

The gravel deposiis in the NRTS contain fine material in their
matrix, but the field moisture capacity is relatively small and may de
exceeded at times by the supply of water avallable. In gravel areas, as
on the alluvial fan of Birch Oreek and the floodplain of the Big Lost
Aiver in the southern FRTS, deep percolation occurs when a relatively
large or sudden supply of water from raln and meliing snow ia available.
The adility of the gravel to absord and transmit water is well shown dy
studlies of the loss of water by infiliration in the channel of the Big
Lost River.

The moisture capacity of windblewn soil, laks and playa Deds, and
dune sand isg high, becavge the porosity of these matsrials ranges from
30 %0 60 pet. A thick layer of fine-grained sediments like that ia the
Birch Creek playa and ANP area (up $o 80 £t or more in thickness) could
absorb as soil moisturs all precipitation that :.a available in that ares.
Evapotranspiration probably is about equal to precipitation and very
lit¥le water is apt to percolate through the sediments and become ground
water. Tssts of samplss from borings in the Birch Creek playa show ithat
the moigturs content is very low ab depths of 15 to 20 ft. The svidence
of dasiceation of the playa sedimenta (aee part 2) is another indication
that the moisture supply ia not enough 4o satiasfy the field capacity,
much lasa %0 provide groundewater rechargs. - r
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Recharse from Precipitatien

The firgt call on waker applied %o %he land, whether by precipiie-
tion or o’;hemise, is for restoring soil moeisture, which eva:pers.%és or vﬁ.ﬁ
transpired by plants. Waber perceclates dewnward te the zons of satura-
tion only where or vwhen there is an exsess over ithe soil-moisture demand.
Precipitation on the plain is Vlcw and is rather well distributed through
the year. Vhere there ig soil cover on the basglt, most precipitation
becomes soll moisture, and very little is left over for recharge.

The normal precipitation, avsrageai for the Snske Biver Plain ss =&
whole, is ebout 10 in. & year. Potential evepctranspiration is about
25 in., but the astusl amount never eguals the potential because not
enovgh water is avallsgble. On the ¢ther hand, not &ll précipi‘ize.tion is
congumed, becanse temporary excessss of moisture occur. From studies
made slsewhere, the writer believes that about 0.75 in. of the precipite-
tion on the plain becomes grdund—water recharge yeerly. If so, in ths
17,000 sq mi (10,900,000 ac) of the Smake River Pluin the total velume of
recharge directly from precipitation would be about 681,000 ac-£% anmuslly.

The zssumed average amount of recharge cannot, of course, be applied
to specific areas on a unit basis. On the KRTS, for exampls, i:recipit&
tion 48 7.5 in. per year =~ barely enocugh to keep the native vegetation
alive. During warm months pstential evapstrangpiration far exceeds precip-
itation, and rain in warn months prebedly does not cause recharge in areas
where there is gcil cover. During winter months the ground is frozen.
Molsture transfer in and through frozen ground probebly is slmost entirely

in the vapor phase, so the prinecipel recherging of ground water occurs
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GROUND-WATER EYDROLOGY

The Snaks River Plain is the gathering ground for water contributed
by a drainage area more than four times the size of the plain. The con~
tributing area includes most of the 35,800 sq mi in the drainage basin
of the Snake River and 1ts tributaries east of Xing Hill. The plain is
about half that area, the rest being mountains and tributary valleys.

Precipitation is the uliimate source of all water in the basin
(1gnoring the small amount of juvenile water that may rise from depth.)
Low rates of precipitation prevail throughout the dasalt plain, dut the
rates in the surrounding ares, especially the mountains, are much higher
(cee p. 8). Considerably more than half the water that ultimately

reaches the plain originates as precipitation on adjoining highlands.
RECHARGE

Some ground water beneath the plain ia derived from direct infil-
tration and deep percolation.of precipitation. Some is from irnfiliration
of gurface water along the channels and in flooded areas of surface
streams. Some is contributed By underflow from valleys adjoining the
plain. 4ind some 1s acquired by mass percolation from mountain areas
adjacent to the plain. On the NETS, rschargs occurs directly from .
precipitation; by infiliration from the Big Lost Eiver and from sphemersl
and intermittent drainageways and playa basins; by mderflow from the
valleys of the Big Lost and Little Lost Rivers and Birch Creek; by uwder-
flow from the north and northeast; and by percolation from adjoining
foothills. The contribuitions from each source differ widely in amount,

ut only a general quantitative evaluation can be mads at this tinme.
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ifferences in bexbure among the various layers of a sedimeniary
sequence markedly affect their permeability, especially in a direction
perpendicular to the bedding planes (vertical permeability). This is
illustrated ‘bz; the two samples from T. 2 N., R. 29 E., SE4NER, S. 1
(see table 17, p. 122). The permeability in a direstion parallel to
the bedding (horizontal permeability) usually exceeds the vertical
permeability. Unfortunately, these samples were disturbed and the
1liustration is not spectacular. At infiltraticn test site number 4
(T. 5 ¥., BR. 31 E., SW&, S. 9) & thin silt lens was observed at the depth
ef sampling. A sample (sample 55IDA20; of the upper send had e perme-
ability three times as great as a sample of the same sand with contained
silt lens (sample 55IDA20a). The variations in vertical permeability
are illustrated by tests of samples from succeszive depths at several
locations (figure 15). These variations in the permesdility of various
layers in stratified sediments are a principal obstacle ¢ accurate

caloulation of infiltration rates in the zone of aeration.
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The greatest permeability recorded exceeded 40O gpd per sq £t and
the least was 0.005 gpd per sq ft. In general, the playa sediments have
very low permeabilities - 10 gpd per sq £t or less, and the loeas is
only slightly more permeable. The Terreton laks bed sediments have
medium~range permeabilities. Dune sands probably are the most permeabls
of all the fine-grained sediments.

The apparent permeability of fine-grained samples that were dis-
turbed sampling are abnormally high because water moved mainly through
fractures rather than through the natural pores. Some of the clay
samples that were moist when collected dried and shrank before they wers
tested. The annular space between the shrunken gample and the enclosing

cylinders was an unnatural avenue for rsady movement of water.



The coefficients of permesabilisy of the {ins-grained sedimenis vere
debermined by means of waristle~head permsameters. The variable-head
permeablill ty method iavelves mesguremenis of the rate of fall of water
level $n =& maz;@meter connected o o sample thvough which water is per—
eclating. The basic formula for the use of the varigble—head permesmeter

is obtained by integrating Dmrcy's Law,

_ sl B
e 2.3 == Jag — C
A% r °F
in which K 45 ihs coefficisrt of permeshility, k. 48 the head in the

the end 2f sny given elapsed

®
s

nanomeser at zere Yime, b is the heal

srea of the sample coylinder in

@

time, %t ie the elapsed Time, A iz
-

sgquare ceatimsters, & is the area of the mancmetsr, L is the length of
the sample in centimeters and Oy is the dimensioniess ratio of the vis-
eogity of waser at the cbeervad tempers®ure o the viscesity at 60%

Using meinger units, the ghove formila becones
¢

F‘"

i

k= 48.81% EI% log = Gy

im
=

in vwhich k is in gallons per day per sguare Lot wnder a hydrauwlie
gradient of one foot per foot at 6C°, 4 and & are in square cenbimeters,
L is in centimeters, ¢ is in sémm‘.so hQ and n are in cen%imedters, and
GT is dimensioniesg,

As with soarse-grained sediments, de-aired water was used ag the
percclation liquid. The coelficient reporied bere is the maximum value
cbserved affer several runs eand represents saturaied permeatility. The
variable=head permsatllizy appars+us w3:d in vhe Eydrelegic Laboratory

is illustrated ¢n figure 14,



Table 17.—Laboratory permeability of core samples of fine-grained sediments~-Continued

Location of Depth Field La‘bora{ory Description coeffficient
(towna;:;r c:ange (£t below ~ semple nﬁeg of ' permgability rks
’ ’ nunber
and section) land gurface) ° 1/ material (meinzers)
T. 3 §., R, 32 X,
SEisE, S. 29 0.4 v 53IDAH  Soil mantle 120 Slightly disturbed
¢, 2 ¥., R. 29 E.

SBINE}, S. 1 13.0 1H 53IDA1  Silt, clayey 0.6 Horizontal sample;
greatly dis-
turbed

seined, S. 1 "13.0 av 53IDA2  Silt, clayey;.. 0.4 Vertical sample;
greatly dis-
turbed

NWiswg, S. 3 1.0 55IDA22 Loess w17

T, 2 N., R. 30 E.
wwinwg, s. 15 0.4 v 531DAS 30
TQ a N.’ Ro 31 n‘

S , 5. 16 0.4 13V 531DAT 45 Slightly disturbed

SW , 8. 35 0.6 11V - 6

swisEd, S. 35 0.5 12v 531DA6 34

1/ laboratory numbers were assigned to samples tested in the Hydrologic Laboratory, Lincoln,

Nebraska.
laboratory.

No laboratory numbers were assigned to samples tested at the temporary field

et



Table 17.-Laboratory permeability of core samples of fine-grained sediments-~~Continued

Location of Depth Field Lazg;;;zry Description Coofilclent
(£t below  sample of . Hemarks
(township, range, number permeability
and section) land surface) number 1/ material (meinzers) .
T. 6 N., R. 31 B. .
SEANWE, S. 27 0.8 22V 531DA11 13
SE4NWE, S. 27 2.3 23v 531DALS
8 , S. 27 a.a 2ly 531DA12 10
SEiNwE, S. 27 .1 257 52IDAL3 12
SEiNWE, S. 27 5.4 26V 53IDAL3 L
swi, S. 34 2.0 55IDA19 Clay, silty 1
spiswd, S. 9 6.0 55IDA20  Silt, clayey 138
SE4swi, S. 9 6.0 551DA20a Sand, 8ilty B4
W}, S. 20 Surface 551DA23  Dune sand 190
T. 5 N., R. 30,K.
SHNE, S. 2 0.4 35V 521DA 0.03
SEiNEE, S. 2. 0.3 36V 521DA 0.00%
SHiNmE, S. 2 1.0 37V 521DAS Sand, med. 420
, 5.3 1.0 3V 521DAL Silty, clayey 22
, 5. 3 1.6 Ly - Sand, fine 17
, S« 3 2.5 5V 531DA3 Silt 1
y S. 3 i.g 6v - Sand 120
NE}, S. 3 . 20V - 1 Disturbed
e IR : . i ™ [SREARRANT
NEpjvEd, S. 3 45 21V v ‘sangggézilt ‘9 Disturbed
y 5. 3 0.4 8v 0.3
s 5. 3 0.4 9V 531DA5 52 Slightly disturbed

gt



Table 17.-~Laboratory permeability of core samples of fine-grained sediments

Location of Depth Field La'l;:;;:zry Description Ooefﬁcient--
(townsgggr c:a.nge (£t below sample number of permeabllity R ks
1 9
and section) land gurface) number 1/ material (meinzers)
T. 6 ¥., R. 31 E,
SW: , 8. 13 0.6 38V 521DA6 Clay, silty, g0 Greatly disturbed
SWi¥E}, S. 13 1.2 9v 52IDA7  Clay, silty 22 Greatly disturbed
SW. , 8. 13 1.8 ov 52IDA8  Clay, silty Y Greatly disturbed
SW: . 5. 13 3.0 55IDA18  Clay, silty 10
swivw}, s. ol 0.6 34V 531DA16 38
SEANWE, S. 24 0.6 19V 531DA10 3 Slightly disturbed
SW , S. 27 1.0 55IDA21  Clay, silty 12
W, S. 27 0.6 18V - 220
, 5. 27 0.6 15V 52IDA12  Sand, silty 160
, S. 27 1.0 16V Dune sand 180
Nwi, S. 27 1.4 27v 521DA3 Sand, silty 38
MW, S. 27 2.2 28V 53IDALY 0.5 Slightly disturbed
) , 8. 27 3.1 29V - 2
N . S0 27 .0 30V 521DA10  OClay, silty 12
NW$, S. 27 4.6 31V 521042 Clay, silty 10
Nwi, S. 27 5.6 32V 521DA1l 0.4
NEiNWE, S. 27 6.7 33V - 32
SE{NWE, S. 27 0.8 17v 53IDA9 30

1/ See footnote at end of table

cel
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seepages iosses from the Big Lost River iz similer sediments. Auger
sampliing showed that the waiter from the infildromeber spread laterally
through a wide zone. The volume of the orudely hemigpherical body of
sediment whﬁeh'was wetted beneath infiltrometer site 4, for example, was
epproximately 1,000 cubic feset. 4% the caloulated perosity, it would
require most of the water that entered the ground just tc moisten the
earth, leaving little or nene t¢ percciate downward by gravity. Much of
the water was pulled by cepillarity awey from the columm of earth imme-
diately under the cylinder. Fot until the sedinments were saturated
would the observed infilirsztion rate aspproach the permeability. Most of
the tests were operated for about a week, whereas a test of moderately
fine material probably would have te be run for several weeks to geb a

trus infiltration rate. In very fine-grained material an infilirometer

test might require mcnths.
Permeahility

Relatively undisturbed samples of 2 wide range of the fine-grained
’ sediments from the NRTS were tested in the laboratery. The samples were
taken with specially consiructed coring egquipment in 2-inech diameter
cylinders. The ¢ylinders were capped, sealed and trangpurted to the
laboretory where the samples were teszted intact in the eoylinders. The
results of the laboratory tesis are summarized in table 17. Scme of the
samples were unaveidably disturbed during coring and Yransporting, and

these are guitehbly noted in the fable.



Pable 16.~~Infiltration rates through double-ring infiltrometer

Tocation ngrz::r Nature of material ;zﬁ:;ratiozpi?:zd Remarks
T. 6 N., R. 31 E.,
¥W% Sec. 13 1 Silty clay, calcareous; 1.0 7.5 Ingide ring
in Birch Creek playa 3.2 2 Outside ring
near ANP site 2.8 21 Both rings
SWi Sec. 34 3 Silty clay, calcareous;
. in Big Lost River 1.8 13 Both rings
playa 3 (short time)
9.5 T Both rings
(long time)
T. 5 ¥., R. 31 B, Fine sand, silty, and
SW Sec. 9 y 8ilt, clayey; Terrston
Lake beds 5.7 43 Both rings
?. 4 N., R. 30 E., Fine to coarse gravel,
SWi Sec. 29 5 sandy, with some cal=-
careous cement; Big
Logt River alluvium in
: borrow pit E. of STR 41 306 Both rings
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Below the oylinders the Dulb of wetted earth during each test was
much wider than the diameter of the infiltrcmeter. Test no. % was made
in the boitom of a borrow pit 4 feet deep in the SEESW: Sec. 9, To 5 Noy
R. 31 E. The carth materials probatly are Terrefon laks beds, consisting
of very fine-grained silty sand which ies densely compacted and dry. Thess
beds overlie ‘Dasalé at & depth of about 7.6 feet below the natural land
surface. The natural moisture content of the soil at infiltration test
site 4 was about 12 psrcent, depending on depth. The moisture content
et the outside of the lower end of the cylindsr rose o 1€ percent, and
the 18-percent belt extended downward v a poeint 3.5 feet below the
cylinder and laterally 4 feet from the cenmber line of the cylinder.

The resulis of several infiltration tests are summarized in table
16. Test number § is included to compare infiliration rates in gravel
with those in finsr sedimsnts. The data indicate that the infilération
rates world be exceedingly lew in the fine-greined msterisls that cover
much of the northern one-~third of the Station, but they would be rels
tively high in the Big Lost River alluriasl gravels ir the cenitral and
gouthern part cf the Statiecn. The dune sands that mantle much of the
northern one-third of the Station would have moderate infiltration
rates. No infiltrometer tesis were made in the medium=-grained sediments
of the central part of the Station, bui laboratery permeability tests
indicate that the infiltration rates world be on the order of 25 to K0
% per day.

These results are not poeitive indications of infllération rates
that may be expected in sespage ponds for washe digposal. In all ceasse

the rates are higher than those computed from measurement of natural
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below the land zurfacs. The rings recelived waisr from a two—tank trailer;
float valves majintained the water in Toih gylinders at constant levels.
The flow of water was calsulated from the record charts of water-level
recorders in each tank., The head of waler in the cylinders was glighily
less than 5 f%. Covers over the Sank $raller and the sylinders reduced
evaporation.

Vertical flow Through inhomogensous sediments is divergent, but the
basic theory applicable ¢ infiltrometer tests requires that downward
flow intc and through the gsediments be nendivergent. Where a subsurface
horizon is less permeable than the horizon in or direetly beneath the
infiltration cylinderg, flow will be divergent. Many investigators have
belleved that divergent~-flow sffects can be minimized if the infiltration
cylinder is surrounded by a larger guard cylinder, thus the term double- -
ring irfiltrometer. The infiliration rate frem the inner cylinder sup—
posedly is a truer rate than that from the oubter cylinder. Other inves-
tigators have found no sigrifizant difference bvetween infiliration rates
obtained with the single-ring infilirometer and double=ring infiltrometers.
However, these investigators usually carried on their tests in uniform
goils where there was small chance for divergent fldw° As the gquestion is
controversial, the double-ring infiltrometer was used in the belief that
the guard ring at least does not disturb a test. The results show that
the guard ring does have an effect, but which infiltration rate to accept
(inner or outer) remains controversial.

We tested a moderate range of sediment types at wide intervals on a
north-south line through the northern NRTS. Determinations oé the
moisture content were made of soil samples from each infiltrometer site

to show the soil-moisture distribution before and at the end of the test.
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A1l the fine—grained ssdimente sre poltentially useful, in wvarying
degrees, as mediz for the disposal of IZiguid waste and for the burial of
sclid waste. Their chief natursl nyirclogie function, however, is %o
store ssil mei;%ﬁreg most of which ig transpired and evaporabed.

¥Whereas the coarse-grained sediments were favorable for ready infil-
tration and persclation of water, the fine-grained sedimenisz are much less
.famnrablao Vhere exly fine—-grained mateériale are present, special prob-
lemg arisge in liquid-waste disposal, drainage of road subgrades, mud
contrel, stability of materiels uvnder struchural loads, and other facters.

The rates of infiltration in the playas were summarized on pages 30-
35. They indizate only the general srder of magritude ¢f rates that
might be expected in artifieial infiltration ponds in those areas if the
disposed liquid did not chemically alner ithe fine-~grained clayey sedi-

ments and reduce their permeability.

Infiltration rates for fine-grained sediments were devermined in the
field by means cf infiltrometers. The permeatility of these sediments
was tested in a temporsry field laberaiory and in the hydrelogic labor-
atory. The tes%s will be described dbriefly with a tabtlation of the

regults.
Infilrrometer Tegis

Several field infiltration tests were mads in 1985 with double-ring
infiltrometers. The spparatus was & o-in. sheel ¢ylinder centered in an

1%&inch cylinder, beth 5ft locng. It was installed with its bettom 4 £t
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The maximum permeability observed during a test (saturation perme—
ability) probably is near the field permeabiliiies of material in the
zone of saturation, so we report that value as the permeability of a
sample. However, the permeability of the repacked sample may differ
appreciably from that of %the undisturbed material in nature.

The surficial sediments in the KRTS seldom are saturated except in
the upper few inches or for short times. Therefore, the saturated perme-
ability of a sample in the laboratory represents no common natural field
condition in the zone of aeration, and the laboratory value can not be
used directly to compute the rate at which infiltration by unsaturated
flow would occur. The permeability varies directly with the degree of .
saturation, and valueg decrease at saturations cf less than 100 percent.
Nevertheless, it is desirable %o have a uniferm basis for comparing the
permeability of various materials. As it ig difficult to destermine
permesbility at a predstermined degree of saturation, the saturated

permeability of each sample is a value that can be defined and reproduced.
FINE-GRAINED SEDIMENTS

The playa deposits and Terreton lake beds that overlie the Snake
River basalt in the northern part of the NRTS are fine grained and their
permeability is low. Neverthe‘leés, the material is porous and the sedi-
ments can slowly absorb substantial amomnts of water. The loes_s that
mantles the basali and alluvium in much of the NRTS is slightly more
permeable than the playa and laks beds., The windblown fime sand, which

r

ig prevalent in the northern part of the Station is moderately permeabls.
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Tacteors that sffect permesbility measurements.—-If readinge are

taken at least every hour during permeadbility determinations, the follow-
ing event{s ususlly cceour. DIuring a short period, the apparent permeabil-
ity increases t¢ & maximuw valus. Thereafter, the permeabiliiy decresses,
finglly ®leveling-eff¥ at & minimum valus., This general irend persists
during several to many days. Also, the permeability ususlly fluctuabes
during each day.

The permeability increnses while air is being abserbed from the
sample, reaching a marimum when all gas is ebsorbed and saturation of the
sample pores is complets. The alr or other gases trapped in 8 sample
plugs pore spaces and reduses the spparent permesbility. A vacuunm system
is msed to de-air the tap water used as the percoclation fluid. The deow
aired water absorbs alr and carries it out of the sample. The pore
spaces in coarse-grained sediments are generally largs enough that much
of the air is flushed out of the sample mechanically rather than being
ebserbed in the fluvid. Thersfore, the maximmm permeability for coarse-
grained sediments usually is reached very early in the test.

Maximum permeability is reached when all gases have been removed and
| the gample is completely saturated. EHowever, by that time other facters
tend to reduce the pamea‘bility; For example, the water may contain
enovgh s0lid matter of microssecpic size tc plug some pores in the sample
or in the filter disks at each end of the sample. Soms of the finer
particles of the sample migrate and plug pores. Small amounte of die-
solved substances in the waiter may react chemicelly with the sample,
especially if it cortairs an appreciable amount of colleidal cleay part-
icles. The development and growth of microorganisms alse would decrease

the permeability.






GPO 991857

. upper = T 77 T T
head tank *
VAR I
lower
A
f‘ head tank
i —
Temper- \\
1; | ature
/A %‘{ C i

draiﬁ&

ps
+

Figure 13. — Constant —-head permeameter.

The disturbed samples were packed info the
permeameter cylinders with a jolting—type

packing machine. {Denver Hydrologic Laboratory.)
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Laboratory method of analysis.--Permeability is determined in the
laboratory by observing the rate of percolation of water through a sample
of known length and cross-sectlonal 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 through the
material (fig. 13).

The constant-head method requires that the rate of discharge through
a sample be measured while the difference in head of water at the top and
bottom of the sample 1s held constant. From Darcy's lLaw, the basic formula

for the constant-head permeameter is

k= At%AhS . (6)

vhere k 1s the coefficlent of permeability, Q 1s 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 flow, Ak is the dif-
ference in head at the top and bottom of the sample and Om 1s a temper-
afure correction to convert the permeabllity at any given temperaturs to

that at 60 degrees Pahrenheit. Ixpressing permeability in meinzers, the
I

_ 21,200
k‘_ AtZAhg Cr t (n

in which k is in gallons per day per square foot under a hydraunlic

previous formula becomes

gradient of one foot per foot at 60 degrees Fahremheit, Q@ is in cubie
centimeters, L and Ah are in centimeters, A is in squares centimeters,
% 1s in seconds, and Gy 1s the ratio of the viscosity of Gater' at the

observed temperature to the viscositiy at 60 degrees Fahrenhelt.



Table 15.~~Laboratory permeability of repacked samples »f coarse-grained sedimente

Lacation of

{township, range
-..20d_section)

Depth

T. 3 N., R. 29 E.,
SEL, Sec. 14

SWisw}, Sec. 3

T. 4% N., R. 30 E.,
swi, See. 15

: Laboratory Coefficient of
Soures Desf:ipﬁizg of (fhlzzééw sample permeahilit;f
at: o ;
surfacs) number ({%’al;-/itia;y/ 8q f?)w
Foundation excavation, 23 S51DAZS 160
MTR
Gravel pit, north of EBR 6 551DA27 560
Gravel pi%, Big Loat g 551DA25 700
River
Gravel pit, east of STR g 551DASH 780

SWi. Sec. 23

T
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gradient of one foot per foot at a temperature of 60 degrees Fahrenheit
(the unit is sometimes called a meinzer). Because waiter is specified,
viscosity and density effects are neglected.

Coefficients of permeability, ranging frem 0.00001 to 30,000
gallonsg per day per square foot, have been measured in the laboratery.
The value of the coefficient depends in general upon the degree of 507
ing and upon the arrangement and sizes of partieles. Usually it is low
for clay and other fine~grained or tightly-cementsd materials, and high
for coarse, clean gravel. Few productive natural water-bearing materials
have coefficients 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 pita and in a
foundation excavation in the Big Lost River alluvium. The results of
laboratory tests of repacked sampleg are reported in table 15. The data
show that the permeability is good buﬁ not exceptional, ranging from 460
to 780 gallons per day per square foot. The permeability and other
properties of these sediments favor ready infilitration and percelation

of water or other fluidsg.
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Infilt¢ration Rate in Channel of Big lost River

Bigh runeff in the Big Lost River through the HRTS during maay
months in‘1951953 affcrded eopportunities %o cbgerve and measure nasurai
infiltraticn rates in materisl ranging in texture from coarse gravel ta
fine silt. The observed rates of infiltretion probably are within the
range that may be expected in infil%rat;on.basins ir, sediments like
those in the chamnel. Computations from field measurements were SUImaT=

!

ized on page 24. The rate in the infiltrometer described gbove was

¥

gseveral times greater than eny rate chgerved in the navural river channel.
Permeability

Hydraulic permeabilify is the cspecity of a perous substance to
transmit water under presgure. The hasie law governing the flow of
fiuids through perous medis vas established by Darcy, who demongirated
experimentally ‘hat the rate of flow ig proporiionsl to the hydravlie
gradient. Darcy's lLew may be exprezsed in uwwefwl form as

q= kKb (4%
in which A is the totel @rose-sectional area through which a rate of
flow, q, occurs; i is the hydrauvlic gradient (ithe head, h, divided by
the length of flow, 1): and k is the coefficient of permeabiliy, which
will be defined laster., It followe that

b
N . ke
E = e .:::cﬁ.m

& 7 ki

e,

St
v

Foer groundewniber hydrawdicz, the Gsslogiczlr Swesr defines the

S

&

coefficient of permeslility as the rave o¢f fizw of water, in gallers psr

=

day, through & cross—-sscicnal arsa of cone zquare fost under & bhydrsiie
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saturation to develop in the gravel, and when that occurred the rate of
infiltration might be reduced. The rate in the infiltrometer was much
higher than any noted during study of infiltration in the channel of the
Big Lost River.

The infiltrometer test was improvised because information was
needed immediately at the MIR site. It also helped to define conditions
and factors that must 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 change as infiltration and
percolation proceed. Among the more important factors are the internal
physical structure and composition of the sediment and the condition of
1%s surface; the chemical and mineraloglc composition of the sediment,
including the organic contents; the amount of entrapped air retained
during infiltration; the chemical quality and turbidity Qf the water;
the témperaxure of the water and the sediments; the distridution and
amouif of g0il moisture, or moisture tension; the barometric pressure;
the kind of equipment used; the hydraulic head applied; and the duration
of the %test.

Waste water discharged to infiltration pits on the NEES is a chem-
ical solution which is markedly different from the natural water, and
the sediments on the NRTS, especially the fine-grained ones, ara sus—
ceptible to mineralogic an4 chemical change from reaction with wasts
water. Some infiltration tests should be made with water that is
chemically comparable to the wastes that are discharged to the ground.
Some tests should be made also in small pits or ponds that simulate

operating conditions.
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the dug hole & £¢ south of the oylinder, showing that there was latersl
movement and development ¢f a sabtura®sd zone sf earth beneabh and erownd
the cylinder. A%t the end of 26 hours the waber lewel 4n the dug hole
reached i%s hi'ghes%, level, C.25 f¢ lower than the bottom of the cylinder.
Thereafter , the water level in the hole declined and after 66 hours the
hole was dry.

The tebal amount of water that passed through the cere was 115,970
gallong. Exzluding the early part of the tast, vefore midnight on May
21, the amount of water waz 67,020 gal in 8.5 dave, snd the sverage rabte
of percclation in that perisd was 5.5 gow (7,900 gpd, or €30 gpé.fff‘za),

"Falling head¥ observaticng of the wa*er level in the ¢ylinder
after the vest was shui down confirmed the compubation of the averags,
giving an infiliration ra‘e of 5.6 gpm at the end of the test.

4 plot of the smull flustuations of hydraunlic head over the gravel
core disclosed no obvious direst correlation with flustuations in the
rate of flow. Temperature sppreciably affects water vigseogity, and the
principal variations in the infilvrstion wate affer May 21 very likesly
wsre caused by temperaiure fluciuaticns in the water. The higher rates
occurred during the midpart of each day, when the temperature of the
exposed storage tank was highest.

The average flow rate of 630 gpd/£#% would be & pocr guide for
designing an infiltration pend in gravel like thai at the MTR site.

The saturabted permezbility of the material with all griund air exsluded
might be somewhat higher than thav indissted. 0On the cther hand, leyers
of nonpermeable fine-grained materisl sccur iv the gravel (fig. 12).

Such a leyer beneath a large basin mignt czuse & perched zone of
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Figure 1l.—Infiltration rate through undisturbed gravel core in concrete ring infiltrometer, May 19-3!, 1S50.

(Not adjusted for temperature changes)

col



102

to lubricate the cylinder and to seal it %o the cors. When the cylinder
reached the desired depth, a seal of agphalt emulgion was placed around
the outer side of its botitonm edge to prevent piping by water, and the
space around the cylinder was backfilled with tamped soil and gravel.
The cross-sectional area of the core was 12.6 sq ft.

A layer of graded, clean pebble gravel was spread over the cors in
the cyIinder and covered with a perforated metal plate to reduce turbu-
lence in the incoming water, Water was provided from a 1,000-gallon
storage tank and provision was made for maintaining a reasonably con~
stant head of water over the core. A canvas cover over the cylinder
reduced evaporation, vhich was estimated fto be only 38.5 gallons during
the test, and was dlsregarded. Metsr readings and head measurements
from s staff gage in the cylinder were made about every hour during the
test, which lasted 289 hours. No water-temperaturs data were obtained.

.The bottom of a dug hole in the ground about eight feet south of
the cylindsr, wag below the level of the cylinder bottom. The develop—-
ment of a zone of saturation around the infilircmster was shown by the
appearance of ponded water in this hole during the test,

The rate of flow through the core was relatively rapld during the
first 48 hours (fig. 1l), but thereafter it fluctuated about a norm of
somewhat more than 6 gpm. The average rate of infiliration declined
slightly during the last 5 days of the test. The first 25 minutes of
the test produced enough saturation in the sore to cause ponding of
water and development of head in the free part of the cylinder. After
about 35 hours the head was 13 in. Thersafter, the head ﬂuctu;ted

between 13 and 14.5 inches. At the end of 7.5 hours waier appeared in
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reduce the permeability mugh. A discontinuous thin bed of nonpermeable
cley anrd silt rests between the gravel and underlying basalt at soms
places. Perched gones of saturation may develop on the bed wherever
sxcess waler p'erccle.tes through the gravel. " small permanent or ephem-
eral natural bodies of perched water msy rest on the silt at some places.
VWater is perched on the silt and perhaps on tight basalt bensath part of
the MTB-ETR si%te. The distribution ¢f the silt bed beneath the Big Lost
Biver flood plain has been delineated only lecally, as at the MTR site,

where it is 3 %o 3.5 feet thick.

Hydrsulic Proparties

Preliminary experiments have besn made on infiltration rates in the
cearse~grained sediments. The permeability of coarse-grained sediments
was not determined by well-performance tests (¥pumping tests®) but
geversl samples of these sediments were tested for permeability in the

Hydrologic Laboratory at Denver, Coloredc.
Infiltration Through Infiltrometers

In May 1950 a crude infiltration test was made in gravel near the
present site of the MTR disposal pond, using an improvised ring infil-
trometer in the bottom cf a dug pit. A concrete cylinder, 48 in. in
diameter and 4 £t long, was lowered around a core cf undisturbed material
by sebtting the cylinder on the ground and digging around it, allowing
the cylinder to settle and enciose the cors. Cobbles that projected oud
of the core VPeneath the edge of the cylinder were removed and replaced

with clay grout. A4Also, the surface of the core was plastered with clay
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The surficial sediments that overlie the Snake River basalt in the
NRTS 1ie far abeve the main waier table. They condtain ground water only
in local perched zones of saturation, as was desecribed on page 46. The
yields of the perched aquifers to wells wers not tasted becauss thsse
aquifers are not a prospective source 6f water supply for the NRTS.

The sedimentary interflow beds in the main zone of saturation yield
water, but it was not practical to %est their capacitiés separately from
that of the basalt. Most of the sediments are poor water-bearers, are
troublesome in well construction, and are best excluded from finished
wells,

The surficial sediments can absorb a considerable amount of water,
and coarse material trangmits water readily. Thus, the sediments ars an
important factor in local ground-water recharge and in the disposal of
liguid waste. Some of their hydraulic properiles were tested and

further study is planned.
COARSE~GRAINED SEDIMENTS

The alluvial sand and gravel in the flood plain of the Big Losgt
River, in the alluvial fan of Birch Creek, and in foothills alluvial
fans absorb and transmit water readily. These properties are important
factors in the regidnal regimen of ground-water recharge and in loeal
provisions for the disposal of liquid waste. Much of the ‘gravel con~
tains gecondary deposits of calcium carbonate at shallow depth, dut at

mogst places the amount of secondary minerals is small and doss not
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i (3}
where * is the optimum spaeingg in feet, § is the pumping rabte in each
well (we‘lis asgumed to be pumping at equal rates), in gpm, T is the
coefficient of transmissibility, in gpm/ft, and k is the capitalized
cost of pipeline and ftransmigsion lines between wells, in dollars per
year per foot of intervening distancs.

The optimum spacing of welle in ‘ché AFP area was colputed using
this formula. The coefficient of transmissibility determined from the
results of aquifer tests on wells in the ANP area is about 8x10° gpd/fs.
Assume that k is $12.00 and is capiialized at 10 pet per year, or $1.20
per £t per year fer capital charzes, cverhead, depreciation and mainte—-
nance., Assume further that the pumping rate of each of two wells is
1,000 gzpm. Substitubing these and other values glven above in the
formula, the economic-optimum spacing would be about 25 fest. The prodb-
iem here has been over-simplified $o illustrate the principles involved.
In construction planning, cther factors would have to be considered and
undoubtedly would affect the Yeconomic—ophbimum.¥®

The chief significance of this computation is its demonstration that,
under ordinary conditions on the NRTS, wells may be spaced as closely as
is desired without creating excessive pumping cost. The result thus
directly contradigts our earlier recommendations that wells be spaced atb
wide intervals of about 500 feet. When those recommendations were made
they seemed prudent because little was known about the aquifer, and the

optimum epacing could not be computed.
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££/£%, and a T value of 3.3x10% gpd/ft computed from aquifer-test data
for well OPP-3 (see table 1l4), the permissible spacing is 580 feet.
_Although 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 aquifer. The real margin of safety, if any, in the exigte
ing setup is indeterminate.

The minimum permissible spacing varles directly as the rate of dis-
charge. Further increases in the pumping and disposal rates should not
be made unless a recaloulation, based on the 1a.te§t available hydraulic
data, shows that the exlsting spacing would be adequate. The final test
of "adequate spacing," of course, is whether or not any water is recircu~

lated.
Economic~Optimum Spacing

Owing to the cost of consiructing 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 excessive pumping
co.sta.y The less the digtance between wells, the greater their intep-
farence and the greater ths drawdown and pumping lift. The greater the
distance between wells, the less their interference but the greater the
cost of connecting pipelines and electrical installation.

The cost of installing two wells, insofar as it is affected by

their spacing, is computed by a formula derived by Theis (1957)

;j For operational reasons, of course, it may be desirable to spaca
wells more widely than the sconomic=optimum.
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Permisgitle Spacing

Jaced (1950, p. 348, eq. 34} derived an eguatiocn for computing the
permissible distance between producticon and dispusal wells. Assuming
that the disposal well is directly down the mazimum water—-table gradient

from the pumped well, the permissivle speacing may te computed from the

w0

following form of Jacoi'ls eguation:

i 28
T I, (2)

vhere A is the permissiblie disfarse, in feert, betwsern production and
disposal wells, Q is the pusp:ng vete or disposal rate (assumed to be
equael), in gpd, T is the cnefficient «f transmissibility, in gpd/ft,
and I is the natural hydraulic gradient of the water table, in ft/ft.
Like other ground-water equations. the one above nssessarily assumes
idealized squifer cerdivicns which differ widely from real conditions.

The distance becween the purped weils and disposal wells in the
CPF area is 1,800 feet. The sparing of the wells was derided upon
before the wells were driiled, at & itume wnen “ralues of T were no%
available. The results of aguifer tssts, pumping-rate data, and the
equation given &btove were used tc devermine the adsquazy of the spasing.

The @ydranlic gradient of the water tabie in the CPP area before
pumping started was about 5 fset per mile or 0.001 ft/{+. The installed

capacity of wells CPP-1 arnd -2 1n 1955 was 2,500 gpm (3 600,000 gpd).

4

Ordinarily, only one well as pumped at z rime and pumping 315 nct con-

;

tinuvcus; the probavle average wotval purping rate of the wells is

3,000,000 gpd. Using *hat walue for Q, & hydraulic gradient of C.Q0L
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well-construction data, and values of gpecific capacity were substituted
in the nonequilibrium formula to obtain rough estimates of the coeffi-
cient of %ransmigsibility of the Snake River basali. Judging from the
common range and averags of the specific capacities given in table 11,
the coefficient of trangmissibility of the Snake River basali{ ranges
between 1x10° and '{::106 and averages about 4x105 gpd per foot for the
Snake_ River Plain as a whole., 3Based on data given in table 10 the
average coefficient of transmissibility of the Snaks River basalt for

the NRTS area is about 2:106 gpd per foot.

Yell Spacing

’ The desirable distance between wells varies with the physical cone
ditions and the uses of wells and, like well construction, is an indi-
vidual problem at each site. The problem of determining the dssirable
gpacing of wells is chiefly economic. Widely spaced wells interfere
with each other very 1littls, but the cost of interconnecting pipelines
and elesctrical transmission lines is grea.f;er than for closely spaced
wells., Where cne well is pumped and the other is an intake (disposal)
well, the desirable spacing (here called “permissible spacing”) is that
which assures no recirculation of waste liquid through the pumped well.
Where all wells are pumped, the desirable spacing (here called "economic~
optimum spacing®) is that which assures maximum water production at the

least cost for construction and for long-term operation and maintenance.



The wells for which agquifer-iest date are avallable penetrate only
part of the saburated zone in the Snake River basalt. Layers of rels-
tively impermeable basalt and fine-grained interflow sediments separats
permeable zoneé at many places, and they also impede hydraulic communice
tion between the zones penetrated by wells and deeper parts of the basalt.
Therefore, the computed values of T probably spply chiefly tc the pard of
the basalt peneirated by wells or in free communication with them. The
coefficient of transmissibility of the entire thickness of the Snakse
River basalt probvably greatly excesds the valueg computed frem data on
partially penetrating wells,

The compubed coefficients of storage vary from 0061 tc 0,06 and are
in the range characteristic of water—-table conditions. These coeffi-
cients apply largely to the part of the aguifer through which the water
table flustuated during the tests, and they may not represent the whole
basalt aquifer. Furthermore, because water drains from some of the
basalt very slowly, longer pumping tesbs might give consideratly larger
coefficients of siurage. The coefficlents of § compubed from the data
for several aquifer tests in the ANP area and given in table 1l range
from 0.01 e 0.02. Considering the complex characteristics of the
basalt the agreement between the values of S is as closs as can be

expected.

Derivation from Specific-Capacity Data

Specific-capacity data can be uvsed to estimsie the coefficient of
transmissibility (Theis and others, 195&)0 The average coefficient of

storage compuisd from the resclits of aguifer tests (sse table 1)
ag np ] ®
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Pable 1U4.-~Coefficients of transmissibility and storage of the aquifer at the NRTS and wicinity

Date Observation of  Ooefficient  Tonebration of

Pumped of Observation trensmissibility of pumped well
well test wall ‘(gpd/ft) storage below(¥2§§§ table
EN-31E-13acl
(AypP-~1) 4/16~17/53 None 700,000 - 157
do 4/30/53 6N-318-134ab1 950, 000 0.01 157
(usas 2i)
do 7/20-23/53  6N-31E-13cal 640, 000 0,01 157
( ANP-Disposal)
6¥-31E-13a0l,
6N-31E~13ac2 o -13gal, =12acl
 (ayp-2) 11/11-16/53 (ABP-1, 800,000 0.02 133
ANP-Disposal :
IET»Disposals
SE-31E-10cdl  7/10-11/53 None ‘ 570,000 - 177
UN-30E- Tadl 8/29-30/50 do 1,700,000 - 367
iN-308-30adl
(NRF--2) 8/3"‘5/51 do 3,700,000 i 163
3¥-30E~19bcl,
and -24adl  11/11-13/51  3N-30E-13¢bl 3,300,000 0,06 153 & 136
(qu 1 and 2) (CPP~3
2N-298- 1dbl

(¢F-2) 2f27/51 None 160, 000 - 209

26
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logarithmic mean for well (FP=%—=Contizued
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Table 13.~Specific drawdown and weighted

Date snd time k  n  Dlseharge @ sk (25 55)
Wa.L
{foeb)  (minutes) (£32/min)

November 13

6330 A 1 CFP-2 1,830 2,000 1,670
2 CPP-2 1,830 1,290 1,770

a CPP-1 1,830 1,510 2,220

Y CPP=2 1,830 500 6,700

1:10 A 1 CPP-2 1,830 2,400 1,400
2 CPP=2 1,830 2,290 1,40

g CPP-1 1,830 1,910 1,750

. CPP=-2 1,830 §00 3,720

7350 A 1 CPP-2 1,830 2,800 1,200
2 CPP=2 1,830 2,690 1,250

a , CPP-1 1,830 2,310 1,450

y CPP-2 1,830 1,300 2,580

8315 A 1 CPP-2 1,830 2,825 1,190
2 CPP-2 1,830 2,715 1,230

g CPP=-1 1,830 2,335 1,430

Y CPP-2 1,830 1,325 2,530

11:10 A 1 CPP-2 1,830 3,000 1,110
2 CPP-2 1,830 2,890 1,160

z CPP-1 1,830 2,510 1,330

CPP-2 1,830 1,500 2,230

5 CPP-1 1,830 175 19,110
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logarithmic mean for well CFP-3

legyg L% % L
s A >~ HOBLG Log 10 —— , n
(35‘2?’{;5) ) Sis {I'ékf@k) (£2] )% éz"ff%?n s (s/Q
(£8=/min) Cepms (£+%/min) (fee%) (£%/gpm)
4.hg3 565 4, 483 .025
39835 965 3,700
3,945 535 2,110 '
1,500 5,810 3.870 .05
3747 965 3,620
Eo§35 L 535 2,050
L83 940 g.700
SYEEE 15,370 4,180 15,1%0 .04  .0000116
3,621 965 3,450
687 S&g 1,970
+033 _lzgiﬁn 1830
3,440 13,230 3,860 7,240 .07  .0000203
3.525 965 3,400
) 3,00 T 3,700 5,000 11  .0000320
30146 965 3,320
3°28£ 535 1,800
3.67 1,940 7,120
3,EE5 12,300 3.580 3,800 .14 ,0000406
3.348 965 3,230
3.382 522 %,810
3.521 1.9 : o
3,050 11,87C 3,450 2,820 .18 .0000523
3,270 965 3,160
3.297 535 1,760
Eoncs 1,940 6,620
LOU7 - oo -1,600

“0io 5. 5u0 3,270 1.860 .21  .0000691
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Table 13.~~Specific drawdown and weighted

Date and time  k 2 Discharge Ty Sk (12, /%)
(1951) well 5
(feet) (minutes) (£4=/min)

November 11

11:00 A 1 1 CPP-2 1,820 110 30,420
5320 P 1 CPP=2 1,830 490 6,840
2 CPP-2 1,830 380 8,820
7:10 P 1 CPR=2 1,830 600 5,580
2 CPP-2 1,830 :TsTo) 6,840
3 CPP-1 1,830 110 30,420

3:
10:30 P 1 CPP=-2 1,830 800 4. 120
2 CPP-2 1,830 690 Y4, 860
¥ CPP-1 1,830 310 10,800

3

November 12

1:50 A 1 CPP-2 1,830 1,000 3,350
2 CPP-2 1,830 890 3,760
3 CPP-1 1,830 510 6,570

3
5:10 A 1 CPP-2 1,830 1,200 2,790
2 CPP-2 1,830 1,090 ,070
3 CPP-1 1,8%0 720 . 720

3
10:10 A 1 CPP-2 1,830 1,500 2,230
2 CPP-2 1,830 1,390 2,10
3 CPP=1 1,830 1,010 3,329

3 -

11:50 A 1 CPP=2 1,8%0 1,800 1,860
2 CPP-2 1,830 1,690 1,980
g CPR-1 1,830 1,310 2,560
CPP-2 1,830 300 11,150



The fesults of aguifer %ests during 194%-1%65 are summarized in
table 14. Vsluss of the coefficient of fransmissibility ef the Smake
River basalt range between 1.6x107 gpd/fi end 3.7x10° gpd/ft. The
€

higher values of T (more ifhan 3310 gpdif+} are those computed from

data for the CPP and NBY areas. The sperilic capasity of well MTE~1

indicates that the coefficient of Yransmisgibiliiy exceeds 3x106

gpd/ft in the MIR ares alss. The dzta in table 14 indicate that the

aversge coefficient of tromamissidility of the bassls in the ANP area
e ‘s ; , . - ;

is about &x30- gpd/f%. The ilowest veiue of T, lnbxi@s gpd/ft, was

computed from test data for well CF-2, in the southern part of the

ERTS.
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Interpretive studies of the fime~drawdown data for well ANP-l ghow
that the hydraulic properties of the basalt vary within the area of influ-
ence around well ANP-2. None of the changes, however, is sufficiently
great even to approximate the effect of an impermeable boundary. Such a
boundary would distort the cone of influencs, and the values of T and §
comp‘u,tgd from distance~drawdown data would disagree with those compubed
from unaffected time~drawdown data. The agreement between the two sets
of T values supports belief that no important impermeable boundaries

exlst within the area of influence.
CPP Area

Wells CFP-1 and-2 wers pumped simultaneously for 39 hours on
November 11-13, 1951. The pumping rates for wells CPP-1 and -2 were
1,500 and 1,940 gpm, respectively. The drawdown from concurrent pumping

of the two wells was measured in well CFPP-3. The conditions of the test

. are described and water-level data are tabulated in appendix 2.

The test data were analyzed by the generalized composite~drawdown
graph method (Cooper and Jacob 1946). Oomputations to determine values
of the welghted logarithmic mean (;2_/;')11 and the corresponding values of
the specific drawdown (s/Q)™ are shown in table 13.

The calculated values in table 13 were plotted on semilogarithmie
paper to obtain the generalized composite-drawdown graph in figure 10.

A straight line was drawn through the plotted peints. The slope of the
line and. the intercept of the line with the line of zsro specific draw-
down wers substituted in the equations shown in figure 10 %o c;@nte the
hydraulic coefficisnts of the aguifer. The computed valuses of T and 8
ars 3.3:106 gpd/?t and 0.06, respectively.
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Table 12.-=Hydrawiic coefficients of the aguifer in the LANP aves

Coefficient of &g -
Vell,  Type of date tranemiseibility g ioioiont
nuampey . é g@ a jpf‘t ; ag
EN-31E~13a68 Time-drawdown 800, 000 -
(4NP=2)
ER-Z1B~13ac do 820, COO 0.02
(ANP=1)
E¥=31E-135al 3a 700,000 .02
(ANP-Disposal )
EN-31B~13acl
=1%@al, {(AYR-1 Distance-drawiswn 500,000 -0k
ani
ANP-Dizpasal)
Average {rounded) 200,000 0.02

Exteneion of the distance-drawdewn eurve in figure S indicates that
the 72-hour test sampled an ares of basalt havring a diameter of about &
miles. The compubed ccefficients represent the average hydraulie prop-
erties ef the basalt within that large ares cf infiuencs. Considering
the complex charscteristics of the baszliit, the agresment between the
several valuves of T and S thai were computed from date obtained from the
tﬁr&e vells is as close as can be expected. However, as is obvious from
the preceding section of this report, the performance of a new well at a
specific location in this area cannot te predicied accurately by using
the computed values of T and S. Because of local irregularities in the
hydrauvlic properties of the basalt, the performance of a new well might

differ substantially from that of the existing cnes.
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Adjusted drawdcwns in observation wells ANP-1 and ANP-Disposal ab
the end of the test were plotted on logarithmic papsr againsi the squares
of the distances from the respective observation wells %o the pumped
well, to obtain a distance-drawdown curve. This curve is part of the
profile of the cone of influence around the pumped well. The type curve
was matched to the distance~drawdown curve, match-peint coordinates wers
substituted in the formula, ard the coefficients of transmissibility and
storage were computed as shown in figure 9.

The drawdown in well IET-Disposal, which is 5,450 £{ from the pumped
well, cannot be determined accurately because barometric water-level
fluctuations almost completely masked the flucztuations caused by pumping.
Howevar, water—level data show that the drawdown in this well was in the
nmagnitude of 0.1 £t at the end of the tesi.

The values of T and S, computed from $ime-drawdown and distance~

drawvdown data, are listed in table 12.
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Drawdown in ihe pumped and observa®ion wells was determined by com
paring exirepolaield graphs of water levels mesgured before pumping started
with the Zraphs of waber levels meassured during pumping. The drawdown
date were ther adjusied for atmogpherio-pressare changes during the test.
Adjusbed drewdowne were plotted sgainst time on logarithmie or semilog-
arithmic paper.

As an example, figure 8 shows the time-drawdown dasa for well ANP-l,
adjusted for & barcmevric efficiency ¢f 88 pot. The test deta were ana-
lyzed by the graphical method of superrpczit’on (Wenzel, 1942, p. BE-89)
to solve ths noneguilibriun formelea. The Sype curves was matched to the
latter part of the time-drawdovn data, and me*sh~point cosrdinates werse
subgtituted in the formula %o compube the coefficients of transmigei-
bility and stoerage. OCorpotations for well ANP-] ave shown in the figure.

The drawdown during the first 90 mirmutes of pumping departed from
the type curvs because the taszelt aguifer doeg not regpond instautane-
ously %t¢ pumping, as would e homogensous, isotropis, and perfect
elastic artesian aguifer. There is & 4ime-lag in the discharge of water
released from storage in the squifer and the different hydraulic proper—
tiea of two suscessive permeable zones can not be integrated instantane~
ously by the cone of influense. As pumping contimied, however, the flow
between zones having differing permeability adjusbed iiself, the effects

of gravity drajinsge becems small, and the sffents of differesnces between

o

the water-besring charecteristics of the bosalt and assumed idesl

characteristics besane nagiigitle.
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outlined by Ferris (1949) and Cooper and Jaccb (1946) were used to cal-
culate coefficientg of transmissibility and storasze.

Water levels in wells at the NRTS fluctuate in response to fluctua~
tions in atmospheric pressure. These effects are discussed fully in the
section of this report entitled ®barometric flustuations'®. The fluctua~-
tions are sufficiently large to mark the influence of pumping, so the
drawdown data collected during the aquifer tests were adjusted for changas.
in atmospheric pressure before they were used to compute the hydraulic
coefficients. Adjustments for each well were based on its barometric
efficiency, which is the ratio of the change in the water level in the
well %o the associated changse in atmogpheric pressure. The barometric
efficiency of a well is determined by comparing prominent changes in
atmospheric pressure with corresponding flustuations in water level
during a time interval when water levels were not affected by pumping.

The data for two agquifer tests will now be presented in dstall to
11lustrate methods of analysis. The results of these and & other tesis

are summarized on later pages.
ANP Area

During pumping of well ANP~2 on November 12-15, 1953, the drawdown
was meagured in wells ANP-1, ANP—Disposal, and IET-Digpogsal. Pumping was
started at 12:30 pm on November 12 and contimied for 72 hours at a con-
stant rate of 1,220 gpm. The water-levael data are tabulated and the cone

ditions of the test are described in Appendix 2. “
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Much ef %he water puoped durivg an agquifer test is withirawn from
storage by gravity drainsge from part of a permesble zone. That is, some
of the agtifer maberial is dewssered. The Tiow of waber toward & well ig
three—éimem%ic;nal Vvecauge gravity drainsge of sitored water invelves
vertical flew cerxponents during slow dewstering of the aguifer. However,
the noneguilibrium formmls deseridess enly *wi-dimensional radial flow with
instantanesus release from siterage., Thevsiore, the formdla accurately
defines drswiown in the Sngke River basalt ouly after the flow of water
between permeable irtsrilow zeves having Aifferent hvirawiic properties
reaches approximate stebillity. At tns+ zisge, the veritical=flow compo=-
nents of gravity drainags are small, dewssering is essentially complete,
and the flov ig lergely raedial and essentiaily two-dimensional. Befors
that stage the actual drawdown deviaves from the thesretical. The initial
transitional peried may be ssversl minutes or houre in duration, depending
on aquifer conditions. During prolonged pumping the cone of influence
adjusts €0 the average and overall hydrzulic preoperties of fthe aquifer,

e

irer he drswdovn in wells., Thus,

and the fermiszs thern clossly dsu
meaningfvl values fer hydraviic propsrties of the Snake River basalt can
be derived if acuifer tests are made propsriy and if judement, based on

knowledge of geclogic conditions, ig unsed in inderpreting data.
Lguifer Tests

The data for 10 aguifer teuss ab *he NRTS during 19H4-1954 were

enalyzed o deternine the hvdranlis pr ?es af the Snake River basalt.

No tesvs were maje in 1855, The memegiliteian formils and methods
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aquifer is infin:i;te in areal extent and uniform in thickness; that it ig
homogeneous and isotropic; that 1% is confined beitwsen impermeable beds;
that the coeffisient of storage is the game for all parts of the aquifer;
that water is relsased from storage instantaneously with a decline in

head; and that the well has an infinitesimal diameter and penetrates the
entire thickness of the formation. The nonequilibrium formmla is a parti-
cular solution of a partial differential equation descriding two=dimensional
radial flow. Theoretically the formula is not valid for water-table
conditions, because the flow towards a well in water-table aquifer is three-
. dimensional and releasse pf water from gstorage 1s not instantaneous wilth

the decline in head.

The ideal conditions assumed in the derivation of the formula do not,
of course, prevall in any aquifer. In pahoehoe flows of the Snake River
basalt, for example, permeadble zones oceur largely along the contacts
between separate flows, Massive layers of relatively impermeadle basalt
and fine~grained interbeds separate many of the permsable zones, and the
hydraulic connection between these zones i3 peor. The hydraulic permea-
bility of the basalt, liks the effective porosity, is a characteristic of
the formation and not of the rock jtself, becauss the rock 1s szsentially
impermeabls. The vertical formational permeability of the basalt is muech
smallesr than the horizontal. .

Most wells in the Snake River basalt extend through two or more
permeable interflow zones, The permeability is not 1iksly to de the samas
in any two successivs zonea, VWater in upper zonea commonly acgurs under
water-table conditions, whereas, waisr in lower zonas ord.im&l;p: 18 conm

fined to some extent and occurs uwnder guasi-artesian or artsslan conditions.
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HYDRAULIC FROPERTIES

The ﬁf@eﬁicient—»s of ¢ransmiseibility, T, and storage, S; ers signifie
cant hydrawlic-properties of an aquifer. The cosfficient of transmigsibile
ity is the rate of flow of water, in gallons per day, through a vertical
gtrip of the agquifer 1 foot wide and extending the full saturated thicke
ness under a hydraulic gradient of 100 percemt (1 fcot per foot) at the
prevailing temperature of the water. The coefficient of storage is the
volune of water released from cr taken in%c storage per unit gurface area
of the aguifer per unit change in the component of head normal to that |

surface. Valuss for the coefficien%s are derived mathematically from

field dats.

Derivation and Significance of Coefficients

The hydrauliec properties of the Snake River basalt were determined
by means of aguifer tesis in which the effests of pumping were cbserved.
The drawiown caused by pumping = well at a constant known rate is meas—
ured in the pumped well and at cbservation wells which tap the same
aquifer. Graphs of drawdown versus time after pumping started, and of
drawdown versus distance from the pumped well, are used to solve equa~
tions which express the relation between the coefficients of transmigsi-
bility and storage of an aguifer and the lw;ring of water levels in the
vicinity of a pumped well.

The formula most widely used t¢ analyze aquifer—test data is the
nenequilibrium formula (Theis, 1635). The fermula, like other similar

ones, was developed on the basis of the fellowing assumptions: that the



Table 11,~-Specific capacltles of wells in the Snake River Plain

Average Average = Average Average Range of Average Average
Locati Nuriber ep penetration diameter length specific spesific pumping
on of wells (feet) below water of casing of test capacity capacity rate
table (feet hes ] hours) o "t ) Y.
Jefferson County 5 200 72 ' 16 16 33-14,000 3,200 2,400
Group 1 15 266 8 21 - 110- 9,000 2,300 2,900
2 21 264 g 24 2k 110-20,000 4,500 2,500
Minidoka, Jerome z 29 282 91 21 3 200~ 6,000 1,700 2,200
and Lin::}n 31 276 88 21 59-14,000 1,800 1,800
Countie 5 22 08 83 21 23-17,000 1,800 1,700
6 18 2 112 21 2 63~ 3,000 8OO 1,500
7 30 271 71 21 150-22,000 3,900 1,800
Bingham County 15 252 71 18 g 16- 7,700 1,800 1,900
NRTS, Butte County 14 590 200 16 2L 12~ 2,900 900 900
Gooding County 9 120 60 12 2 300~ 2,700 900 1,000
Jerome County 6 362 17 16 3 6~ 1,600 900 1,700
Bonnevilla County 6 207 88 18 Y 33- 1,000 500 1,800
Blaine County 2 226 179 16 2 37~ 110 70 1,400
Camas County 3 210 17 16 6 30- 110 60 1,200

Hl

;._/ U. S. Bureau of Reclamation Minidoka Project, North Side Pumping Division.
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small, well losses et pumping rates of severel ecubic feet per second are
eppreciablie parts of ithe Totel drawdowng in the wells. For example, the
well loss ef 3.1 £% in well (PP-1 at a pumping rate of 2,475 gpm is nearly
52 pet of the "n;-@tal drawiown, 5.9 £%, at that rate. Large head loagses
ocour as weler eunters the wells at high velocities through the gravel
envelope and perforaied casing. Seventy-five fest of the 16~inch casing
in well CPP-1 are perfora“ed with 3/8 bty %in. longitudinal slots, provid-
ing a total ef 11l sq £% of en%rance area. Gravel is packsd arcund in the
slotted pips in the well. Assuming tnat the effestive open area is 5.5
sq £t, the entranse veleaity would be 60 £ per min at a pumping rabte of
2,475 gpm.

Table 11 summarizegz the dsia now swailable on the specific capacities
of production wells in the Snake River basali throusheut the Snake River
Plain. The average yield of & 1f~inch well during an &hr test was about
2,000 gpm per foct of drawdown. The average depth ¢f the wells is 290 %,
and the average penetration telow “he regional water table is 100 ft.
Altheugh the specific capacities range frem & to 22,000 gpm per foot, the
common range iz from 60 %o 3,200 gpm per foot.

Specific-capacity data can be used toc estimate the coefficient of

transmissibility of aquifers, and this will be done laber in this report.
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The speczific capasity of well NBF=2 during the test on June 11-12,
1951 was unusually low, either because the well was not properly devel-
oped befors the tesh, or becauss entrainsd air dlocked part of the
aquifer, or both. The tegt on Aug. 3~5, 1951 showed that subsequent
development by pumping greatly increassd the specific capacity.

The specific capacity of well (PP-3 is abnormally low because at
the time of the %est only the lower part of the casing was perforated.
The casing was not perforated opposite permeable zones in the upper part
of the basalt.

T‘he vields of some wells in the basalt have been increased greatly
by relatively small incrsase in their depth. For example, when well
NEF-1 was 485 feot deep, its specific capacity was 16 gpm/ft. After the
well was deepened to 535 feet, its specific capacity was 2,860 gpm/ft.
This and many similar cases illustrate that in many wells the yield is
obtained principally from a few extremely permeable zones., Water is not
contributed wmnifermly by the entire penetrated thickness of the zone of
saturation.

During the period 1949-1955, %wo or more tests at different pumping
rates were made on several wells. The specific capacities of wells MI'B-1,
CPP-1 and -2, and ANP-1 desrease as the pumping rate increases (table 10),
which indicates that well loss is appreciable.

Accurate well-loss constants can not be computed from the available
data. Their order of magnitude, however, was destermined by a method out-
lined by Jacob (1947). The value of G is less than 0,05 for well MIR-1;
it seems to be about 0.1 for wellg CPP-1l and =2, but the datar for these

wellg ig not consistent. Although the well=logs constants are relatively



Table 10.-=Specific capscities of wells in the NRTS--Continued

Durs- Diameher | D "Lh Depth %o
Well Numbor Date tion |Pumpiog | Drawdown or | Specific of 2?@ gtatic

of of rate buildup ij) copaeity
- ‘ teat tesh {gpm) (fae%):
Field | Losetisn | , (hours)

watar Well
o lery | GBELeg | well o conghrukion
{gpmfft) (inches) |(feat) 19V@1 .
, (fosk)

Caging pgxf@rm
UsGeS ated, 270-290 %,
30 AN-338-13hdl 1/27-28/53 Pl 250 .3 2,500 oy 265 1300-317 4%, Z-in.
gpen hole 350-
hos g%,

ea

Casing pﬁrf@j@.:
s | St=33B-l0sal | 7/10-11/53| 2k 280 1.6 175 g yog ssy | ated, 285305

2 f%: open hele
—— . i — 30o-heg £y,

%6953 24 | 1 000 Tei_ 113 16

15 > i
n — AL 208 o ing pertor
ATP-1 | BE-33T-1Eael | BI31-9/20%3]  do 3% & RQ W3 L dn 1 8e | Ao ated, 200-70% 1%,
; . {
il Tlo0-23)R3 4o 1,840 | 11,5 08 L8 | 8o 5 8o _ e
P2 | EetiTaiia-s | A1/12-16/53 24 | l.ee0 | @3 0 57 b 3k ) Shy 212

| BI31-5f2[53) 4o | 1,130 $28.7 1 33 1 &+ 4 |

1/ Plue valuss rsprasent buildup of water level
during recharge tesh.

2/ Well CPP-2, 500 f% distant, was pumped inkter—
mittently during the %est at 2,300 gpm, which
may account for the anomalous apparent specifie
yield.

Tl



Table 10.~~Specific capacities of wells in the NRTS--Continued

Dura-~ Depth to
Well Humber Date tion |Pumping |Drawdown or | Specific Diaz;ter Dggth static Well
‘ of of rate buildnp —7) capacitg casing | well water construction
test |test | (zpm) (feet) (ep8/£%) | (1ncheg) |(foet) | 1671
Field | Location hours) (feet)
4/p1-22/51| 2% | 1,030 41 1,030 16 605 452
__11/5-7/54 3 | 1,55 1.% 1,120 16 605 451 | Casing perfor-
CPP-2 | 3N-23B-24adl | 44 1y 33/m| o4 | 1,500 2.1 625 16 605 | usp :§3d55§§gagggt
6/29-30/51| 2% | 1,850 2.7 685 16 605 s |
11/22-24/54 24 | 2,500 3.2 181 16 605 451
CPP-3 Casing perfor—-
Dis- | 3§-30B-19¢bl | 9/11-12/51| 2k 800 $38.1 21 16 598 451 ;:94»0222;2939r_
posal forated, ¥i2-452
£4 10/51.
NRP-1 g/3-4/50 | 24 | 1,010 62 16 18 4g Casing perfor-
(STR-1) /345 51 33 | Sea souirs g4,
18-in. casing
erforated, 394-
11/17-18/50 12 1,400 0.5 2,800 18-16 535 do ﬁ78 ft, 16-in,
caging perfor—
ated 485-530 fi.
8 1] 48 | 1,430 0. 2, 860 16 28 65 | Gasing perfor-
NRF-2 | )N 308-30ad1 Eacik 2 2 ) 32 | ated, 373397
(sTR-2) 3083 £t, U22-l4g £,
- . 6/11-12/51] 2% | 1,245 4.8 259 do 528 364 4oT-523 £t
USGS . Y - 12-in. open hole
12 YN-30E- Tadl 8/29-30/50, 24 20 5 gh 12-10 692 325 587-697 Bt

ol



Table 10.~~Specific capacities of wells in the NRTS

Dura- Depth to
Well Number Date tion |Pumping |Drawdown °§ Specifie Dlagxﬁter D:g’gh statie Well
of of rate buildup j cgpacity | . water g
, omt | vont | Gaun) | (mel) |mpeyre) |(7aonnE, et oD | comsbruesion
Figld Loontion (hours) LT freet) .
16-in. cesing
CP-2 2N-29E~ 1d%1 2/27/51 3 235 15.6 15 20-16 681 472  |perforated, 521-
651 and 661-6%1
£,
Casing pesrfor-
ated, 600750
EBR-1 | 2N-29%- Jcal gf1z-14/hgl  ob 800 i7 %7 18 1,075 596 |£%, open 103~
in. hele T50-
— 1,075 L%,
MTB-1 | 3W-20F-iMasy | 5/€6-23/50 2% |  glo 0.3 2,700 18 600 | 456 |Caning perfor-
e T 3f27fR0 19 v 1,125 0.5 2.250 | 18 600 ush  lated, MZI-REL £F,
‘ 1%~in. casing
perforated, 496-
571 £4, 12-i5.
MIR-2 | 3N-29E-14a:2 | 1/22-24/51 24 750 61 12 1812 TTe 457 |casing perfor-
ated, HHE-76T
ft, open 10-in.
. hole 572-772 £%.
10/ 28~ g-in. caging
11/ 2/52 | oh 590 W7 13 12-8 772 455 |perforated, O45-
: Uy £,
12/15-17/50 24 | 1,130 1.9 H94 16 585 Yhg
. f31-4/1 2y | 1,1%0 1. 600 16 Jyg |Casing perfov-
CPP-1 | 3N-30E~19bcl SIELSI B 3 L 287 - ated, 160-485
11/11-13/51 24 | 1,940 4.8 Lo4 16 585 W50 |fH, 527577 £h.
11/5 - 7/54 45 | 2,475 5.9 2hyg 16 585 Lug

o
D
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friction of turbulent flow in the aquifer in the immediate vicinity of
the well, through the well screen and in the well casing. Well loss, in
feet, may be represenied approximately by the following relationship
(Jacob, C. E., 19U47):

well loss = GQZ (1)
where C is the "well-loss® constant, its dimension being in sec2/£tD,
and Q is the rate of pumping in cubic feet per second. A decrease in
the specific capacity of a well with an increase in the pumping rate may
indicate that well loss is appreciable, but other fastors may cause the
same result. Examples are dewatering of some of the saturated zone, pump
intake pipe breaking suction, and perhaps others.

Specifio—capaeity data for wells 'in the NRTS and vicinity are
summarized in table 10. The specific capacities range from 12 to 2,860
gom/ft. The tabulation indicates that, in the NETS area, the average
specific capacity of a well 16 inches in diameter during a 2U-hour test
is aboﬁ; 900 gpm/ft. The average depth of the wells ia 586 f%, and
average depth of peneiration below the regional water table is 206 f%.

Wells NEf-l and -2 and MTB-~1 have the largest specific capacities on
the NRTS, averaging about 2,800 gpm/ft. Wells ANP-1 and -2 in the
northern part of the NRTS, and wells CF-2 and EBRB-1 in the southern part,

have moderately low specific capaci;cies., The specific capacity of well
(F-2 might be about of the same magnitude as that for well EBR-1 (47 gpm/

£4) if the depth of penetration were as great (480 feet).
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Or the other hand, the recsrd for 1550~5k shows that the water level
in well -3hsdl normally rises sherily after Avgust in sume years (fig. 7).
The rise was cumletive during the thres high-runsff years of 1951~53%,
culninating in :bhe resord-high water lewel in 1953, If the correlations
ghowr in figure 7 are valid, the laz between infiltration and arrival of
the water at the water tebie may be on the order cf 6 %o 8 months.

Supposs that percciating water from the river spread to a belt 500
to 1,000 feet wide bensath & 10 to 20 mile reach ¢f the river. The area
in which percolation recharge cccurred would be abeut 600 to 2,400 acres.
At 3.5 pet average formational poresity, it would require 21 $o 8Y4 ac-ft
of water to raise the water table 1 ft. A rise of sbout 4 £% occurred in
230 days from September 10 to the end of April, representing about 84 to
330 acre-feet. This increment would be eqQuivelent tc a continuous recharge
flow of about 0.18 t6 0.72 cfs. These figures have no standing whatever
ag fact. They meresly show that it is reasonable to expect that recharge
from the river would catse a detesteble rige in the water table. The

metter requires further shudy and no conclusions are drawn now.
SPECIFIC CAPACITIES OF WELLS

The performance o¢f & well may be expressed in terms of its specific
capacity, which is defined as the yield in gallons per minute per foot of
drawdown. The specific capacity of a well varies both with the duration
of pumping and with the pumping rate.

The drawdewn in a pumped well has Pwe components. One is the head
loss from the friction of laminar flow of water in the aquifer towards

the well. The other is the head lose (well loss) resulting from the
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was unusually great (see p. 17-21), and much water entered the ground by
infiltration along the river channel on the NETS. If a rise of water
levels occurred, it would appear firsst in wells near the river and later
or not at all in distant wells. Therefore, we studied well hydrographs
and compared them with the hydrograph of the Big Lost River in 1951-52
(fig. 6).

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 locality. The residual rise after adjustment for a correla~
tive drop in barometric pressure was 0,15 ft., Perhaps this rise was not
related to infiltration from the Big Lost River, because a similar rige
was recorded on the same day in other wells many miles from the river. »
Recharge from the river may have reached the water table about concur-
rently with a temporary rise caused by some other factor. Hevertheless,
the wa;};er levels in some wells near the river coniinued to rise after
Septa:&ber 10.

Infiliration from the river was along a narrow belit, the wetted
channel, but the percolating water spread {o a wider belt before reaching
the water tabls. Owing to that spread, the rise of the water table
caused by increased infiltration was oo small to be detected at its
begirning or in daily increments, “out infiltration may Rave caused par:
of the cumulative upward trend of the water—table in well ~1lliadl (see
fig. 6). If so, the percolation time through nearly 500 £4% of basalt and

gsediments to the water table was on the order of four Lo seven weeks.

L4



distinguish “rock perosityt from Y“feormaticnal poresity.® We hsve no
practical method for measuring or estimsting ascurately the formeticnel
porogity. © It seems ceriain, from study ¢f oubtcrops and from drilling
records, that “’r:he average effective porosity is at least 2 pet and
probably is sbeut 5 ped. For the necessary purposes ¢f this report, we

aogume conservatively that the average effective formational porosity of

the Snake River basalt is 3.5 pet.

INFILTRATIOK RATE

Yo means have been devized fer direct memsurements of infiliration
rates in the basali. The rate rangss frem high to nil, depending on
physieal variations in the rock. Whersver there are impermeamble layers
in the basalt, the percclating water tends to form a perched saturabed
zone on each impsrmsable layer. Water in these perched zones moves
laterzlly +ill it finde copenings throush which it can move downward.
Water disposed at a point or small arem en the surfece, therefore, lends
to spread ithrough a wider area by the tims it reaches the water itable.

Perching of percolsting water is well illusitrated by the artificial
zone of saturation at the MTR site, which was built up with water released

%o the enviromment (see p. H7).

PERCOLATION RATE

In comnecticn with waste dispousal and numsreus other problems, it
would be helpful %e¢ kunew how long water takes o percclaie from the land

surface $0¢ the water tebie. During 1985i=53 rungff in the Big Lost River
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PORE WATER AND POROSITY

The presence of pore water in the basalt is easily verified by
direct inspection and by simple laboratory tests. Pleces of basalt were
colléected from under water and from the zone of saturation at springs in
the valley of the Snake River. Freshly broken pieces were damp along the
fresh breaks. When the specimens were collected, superficial water was
dried off and they were weighed immediately on a chemical balance. In the
laboratory they were heated in an oven at 105°C and were weighed pericdi-
cally until they ceased to lose weight. The larger samples required about
100 hours for drying. The iwenty-five samples of Smake River basal}
ligted in table 9 ranged in porosity from about 4 to 25 pct and averaged
10 pct. The water content ranged from 1.4 to 11.6 pet by weight and
averaged 4.2 pet. The porosity of two samples of Banbury basalt averaged
18.6 pet and the water content was 8 pct.

The basalt is permeable to air and "breathes" freely. Dried samples
exposed to the atmosphere change weight in response to changes in rela-

tive humidity.
Effective Porosity

Though the total porosity from pores and vesicles is relatively
high, most of the pores ars too small %o transmit water under the pres—
sures that normally prevail in the aquifer, and most of the vesicles ars
isolated. The effective porosity of the rock ranges from about nil to a
small percentage. XNeverthelsss, the considerable void gpace of other

kinds in a mass of lava is hydraulically effective. Therefore, we



Table 9.~~Loss of pore water from samples of basalt at 10%5°C

Weight of Weight of Volume of Volume of Porosity Yater
Location of source of sample wet sample dry sample material water content Remarks
(gr) (gx) (ewd)  (ewd) M "n)
Blue Lake Spring 99.851 97.1%% 34,206 2.707 73 2.8 Vesieular
Sec, 28, 7. 9 S., R. 17 E. 108,889 103.503 36,445 5,386 12.9 5.2 Sparsely wesicular.
Jerome County 50.508 49.807 17.538 « 701 3.8 1.4 Very vesicular
Devil's Washbowl Spring 49 787 45.202 15.916 3.585 18.4 7.9 Scoriamcecus
Sec. 4, T, 10 S., R. 18 K. 64,008 60.617 21.34% 3,391 13.7 5.6 Vesicular
Jerome County 200.173 188.391 66.335 11.782 15.1 6.3 Scoriacecus
Malad Springs k2. 243 40.987 1,432 1.256 8.0 3.1 Siightly vesicular
Sec. 36, 1. 6 S., R. 13 B, 108.350 106.57 37.527 1,774 .5 1.7 Denae
Gooding Counby 69.379 68.038 23,957 1.3%1 5.3 2.0 YVsglewlar
151,329 5421 51.205 5.908 10.3 .1 Vesiculaw
162.851 145,878 51.335 16.973 24,8 11.6 TVesicular
82.578 80775  28.Mu2 2.800 9.0 3.5 Vesieular
108.957 102.745 36.178 6.212 il 7 6.0 TVery vesicnlar e
scoriacesns
122.121 116.22%  ho.g924 5.897 12.6 5.1 Vesicuwlar
106.053 98.336 34,625 T.T17 18.2 7.8 Densa
89,260 gh.523  29.762 h.737 13.7 5.6 Denge; frasturad
Thougand Springs 177.168 174,518 61472 2.6%0 %.1 1.5 Dense
Sez. 8, T. 8 S., R. 14 B, 80.779 78.328  27.580 2.451 8.2 3.1 Vesicular
Gooding County 121.502 119.899 42 218 1.703% 3.9 0.8 Desnse
107.733 105.302 37.078 2.471 6.2 2.3 Slightly vesicular
64,877 63.618 22,401 1.259 5.3 2.0 YVery vesicular
101 .947 100.526  35.396 1.421 3.9 1.4 Dense
174.081 1%3% %ss 4,140 &g 2.4 Very vesicular
123.951 114.852 R AE 9.099 18.4 7.9 Banbury basalt
93. 754 86.687  30.524 7.067 18.8 8.2 Banbury basalt
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Poreg

Much of the Snake River basal{ -—— even that which seems dense and
tight -~ is permeated by small pores between its mineral grains. Pores
of that type occupy as much as 25 pct of some rock. lLaboratory measure-
ments of the porosity of & random samples of drill cores from foundation

borings on the NRTS were as follows:

Semple l’zgrz_:iw Sample Pmtr
1 13.4 5 16.0
2 14.3 6 10.1
3 22.3 T 13.7
4 16.7 8 25.2

Tosts were mads 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 stors
water but do not transmit 1t, In the zone of saturation they are filled
with water, but the hydraulic head on the water is not sufficient o
overcome the capillary force that helds it in the pores. The water
stored in capillary porss cannot be withdrawn through wells because it

will not drain from the rock by gravity.
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Tengion jeints that were produesd by differential movement of the
hardened crust ¢f & lave fiovw are more widely cpen than shrinkage joinks,
ard the voids ghserve& range up to 10 or 12 £% wide, & few feet %o
hundreds of feet long, and at least 20 f¢ deep. These openings, com-

morly reporied in well 1o0gs as crevices, are copicts water bearers.
Lava Duhee

Ereached lava tubesz were found at three placss on the Station.
Other tubes, bremched and unbreached, uwodsubiedly cccur because they are
not rare on the plain. ¥No subsurface tuves have been identified in the
zone of saturstion beneath the Statien. Undergrocund cavities were
repoerted in the logs of some test holes. bub none wag identified as a
lava $ube. Lava tubes sicre and transmit very large amounts of ground

water. Their permeability is practically infinite.
Yegicles

Most vesicles in basalt contribute dut 1ittle %o its permeability
and their practicsl hydroicgic impoerianse is minor compared to that of
joints, crevices, ficw-conbact zones, and interstices in scoria and in
cinders. ‘Vesieles are so abundant in some layers that the rock is
spongy in appearancs. Some well drillers believe that spongy basalt is
a copious socurze of water. Despite their abundance, however, the vesgi-
cles usually ere net widely interccmnected and do net transmit much
ground water. The most spengy material generally sccure at the tops of
flows, where the main scurce of water actually is the voids adjacent to

the flow contact.
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vesicular or scoriaceous basalt which has been pulverized ﬁy the drill.,
These kinds of materials are common at the tops of some flows. Some
reported thick beds of cinders may be scoriaceous parts of aa flows.
FPresh aa --= broksn, blocky basalt == is among the most permeable of
all types of rock. Some aa weathars readily when exposed to the atmos-
phere, and decomposes when acted on by subterranean water and gases.
Therefore, it becomes less permeable as it ages. The aa in the Snake
River basalt is geologically very young and dut little altered. The
physical characteristics of aa were described briefly on page 113 of

part 2.

Tension Joints

Open tension joints are very common in the Snake River basals.
Shrinkage during cooling is a principal cause of tension joints in
basalt (see part 2, p. 108=111), but these joints are less widely open
than those produced by other causes, The vertical and lateral extent of
single shrinkase joints ranges uwp to a few tensg of feet. Shrinkage
Joints undoubtedly are developed in nearly all the Snake River basalt
becauge they are typical of pahoehos. Ths systems of shrinkage joints
in a flow are interconnected and thus provide irregular channels for the
storage and movement of ground wat;ar. The average shrinkage joint is
quite narrow —- on the order of a few millimeters to practically nil---
and shrinkage joints alone would not transmit the large yields commonly
obtained from wells in the basalt wless they extended far initoc the zons

r

of saturation.



forward part of the flow moves forward with the flow and is rolled under
i%, much like the frezd ¢of & frack-leying vehicle. VWhen the ¥iraskt is
overrun i%'fomEs a highly permesble layer. The combimation of factors
produces a porous, permesble zonse adjacent te the contachis between flows.
Flow=-contaoct zones are especially imporiant water-beavrers in the
Snake River Plain becsuse the Snake River basslt is made up of many thin
flows. The average contect zons is thin and may transmit relatively

little water, but the aggregate capacity of all the zones is large.
Interstitial Large Voids

Some Snake River basalt flows moved inte place and cooled on marshy
ground or under water in streams, ponds and lakes. The cooling lava
formed rounded, pilliow-like masses among which there are intersiices
because the pillows, though plastic, did not mold completely againat
each other before they hardened. Pillow lava was cbserved at s few
exposures in the caxnyon of the Snake River between Milner and Bliss.
Geologic and physical conditions obwiously favered its development there.
In most of the Snmke River Plain, howvever, cnly a few surficial layers
of basalt are exposed and pillows have not been cbserved in them. We have
no direct evidence that pillow lava is an important component of the main
mags of the Snake River basalt, though some geclogists believe that
pillow lava is widespread.

Volcanic cinders generally are about squal in permeability to
poorly sorted sand and gravel. Cinders were found ir many test holes
end wells in and near the NRTS (Appendix 1, part 3). Material reported

as cinders in some drillerst logs, however, acbually is reddish



3. Open tension Joints formed by shrinkage of the
bagalt during cooling, or by differential movements
of the crﬁst of a hardening basgsalt flow,

4. Tumels and cavities produced by liguid lava
draining out from under a hardened crust (lava
tubes) .

5. Vesicles and cavities formed by expanding gas
bubbles during cooling of the basalt.

6. Pores, chiefly interstitial (between mineral
grains).

7. Tree molds. These are largely of academic inter-
est and have little hydrologic importance. They will

not be discusgsed further.
Yoids Adjacent to Flow Contacts

Voids along or near the contacts between flows are among the most
important of the water-bearing openings in basalt, Most larger voids of
this sort are intercommected and they are distributed about as widely as
the flows in which they occur. .The upper surface of a flow commonly is
somewhat brscciated, extensively fractured, or highly irregular in con-
figuration. A later flow that spreads over an sarlier one tends to
chill and solidify rapidly at its base, without completely filling the
surficial voids in the underlying flow. Many flows also are somewhat
brecclated along their bases. It 1s characteristic of slowly moving

pahoehoe flows that the stiffened and fractured upger crust along the
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idently, complexity of ground-water conditiong is normal on the
¥RTS. The complexities at the (PP eite seem unususl because we have more
$est holes “there and kmow more local detalls than are availsble for other
areas. The nabural complexidy is compounded ty heavy pumping of the (PP
wells, which causss drawdewn ¢f the waber takle there, and by the die-
posal of 1iquid waste af & well a few hundred feet distani, cauvsing sone
build=up. The waber level in the dispcsél well cannct be measured, bub
the build-up arcund it and the drawiown nearty probably cause the water—

table centours t¢ Ywander® in that vieinity.

WATER-BEARING PROPERTIES OF TEE SNAKE HIVER BASALT

A S ——reC

Dense, masgive basalt is nearly impermeable to water. Most flowg
of the Snake River basalt, however, contain primsry voids which store
and transmit ground water. Certain seconiary veids, as in talus breccia
buried beneath younger sedimente or basalit, are copious water bearers.
We have no evidence of ecsurrenses ¢f water—bearing taiuz breccis in or

near the NRTS, s¢ this ma¥erial will not be desoribed.

PRIMARY TYPES OF WATER-BEARING OPERINGS

The principal kinds of veids;, listed in the approximate order cf
their relative impertance, are as follows:
1. Voidsg adjacent tc the contects between flows or
between a flow and an underlying fermsticon.
2. Interstitiel cpenings formed during emplacement

of pillows, cinders and aa.
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than that in the northern well. These water levels imply a rsverse
gradient of the water table (northeastward more than 10 f4/mi). The
regional gradient is southwestward about 3 f£i/mi. Releveling %o measur-
ing points and repeated remeasurement of the water levels failed to
remove the apparent discrepancy, which must be accepted as a fact,
Theories o explain this phenomenon have been entertained, but there is
1little evidence directly supporting them, so discussion seems pointlesas
at thig time. The anomaly probably arises partly from quasi-artesian
conditions and partly from differences in the congtruction of the two
wells.

The detailed configuration of the water table and the direction of
ground-water underflow are important considesrations in the vicinity of
the CPP area and southwestward from there. Regional contours on the
water table indicate a generzl southwestward gradient of the water table.
We tried to trace the couvrse of saline liquid-waste materials in the
zone of saturation by drilling test holes where interception of ﬁhe
waste seemed likely. Lacking direct evidence of the true direction of
movement, flow directly down the apparent maximum gradient had %o be
asgumed. Six test holes were drilled at 500-foot intervals along a
2,500-foot line normal to the direction of the apparent maximum gradient
of the water table. The saline waste was not found.y This problem is

discussed more fully in part U4 (waste disposal).

1/ After thig report was written the waste liquid was found by further
exploration. It was not following the apparent maximup gradient.

r
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Owing te the prevalence ¢f guasi~ariesiar conditions, predictions
of the depth at which watsr will Pe sbrusk in wells at some placss on
the Snake River Plain are apt £ be in errer by a few feet. Prediction
is more accurabe when phrased es a progrosis ¢f gtatlic water level in
the finished well, rather thar of the depth at which water will be
encountered.

In some wells in %the Snake River Pla;in the water-level fluctuations
resexble those in arfesian agulifers beszause the water levels regpond to
fluctuations in barometric pragsure. Noilicezblie harometric fluctuations
do not oecur in water-tabls aquifers where there is free communication
between ground air and the atmosphere. The baromeiric fluctuations in
basalt wellg confirm that there are tight zones in the basalt above the
zone of saturation, and these impede egualizaiticn of pressure between
ground air and the atmosphere. Other kinds of water-level fluctuations
in basalt wells, such as those caused by earthquekes and by heavy pump-
inz, alsc simulate phenomens ordinarily seen conly in artesian wells.

¥ater-level fluctuations will be discussed f£xlly in later pages.

Unexplained Phenomena

Certain anomaiies in the occurrence and behavior of ground water in
the NRTS cause eritical problems. A cass in point is the bhehavier of
water levels in the two wells at the CF area (wells 2N-29E-laal and
-1dbl). A% times the water levels in the wells are at about the same

altitude: but on mest cscasions when the wells weTe measured the wabher

in well -1dbl, the southernmes% ef the two, was 0.1 ¢ 4.0 £t higher
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immersed in the zone of sabturation in a water-bearing grawvel. A d4drill,
striking the boulder above the level of the water tabls, would no%
strike water until it broke through the botiom of the boulder. Water
then would rise in the boulder, dut it would not be called artesian. In
an extreme case, such as that of the basalit well, it is difficult to
determine whether the agquifer is artesian or quasi-artesian.

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 £t. The water rose to 332 £t within about four minutes after it
was struck. Twenty-four hours later the depth to water was 328 ft. The
water occurs in broken basalt overlain by solid, nonpermeable basalt.
The latter seemingly confined the water under quasi-artesian pressurs in
the permeable bed, the pressure surface of which coincides with the
‘ regional water table. Other better-than-average water-bearing zomes in
" this well were struck in basalt at depths of 400 to 405 ft, in sandstone
" at 500-504 f4, and in creviced basalt at 655 £4. Table 7 of Apperndix 2
shows the depth-tc-water measurements made in this well during drilling.

Another example is test well UN-30E-6abl for which water level
measursments are shown in Appendix 2 table 6. Water was first recog-
nized at the depth of 331 f4 and rose promptly to 315 £t. The water
occurred in broken basalt overlaiﬁ by a local confining bed of solid,
nonpermeable basalt. Additional water was struck in basalt at 605 £%
and in sand at 1,400 ft. Water with a foul odor was found at a depth of
1,010 ft. In this and the previously noted test hole, the water level
was quite stable during driiling except when the holes wers bai]tedf

rapidly or when water—bearing zones wers cased off.
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complew, ground walber ccours unier percsed, water-fable, and srbesien
conditions. Test hole TN-3UE-Indl, 322 £% deep, encountered water asf a

r3 , 'y
depth of 256 f%, buh arbesian wabter geemingly was not struck. The hole

<o

was deepened %0 BF% It withont finding artesian water. A private well
(SW~358=bd2) 6 miles to the eask, however, reportedly siriuck artesian
water at a depth ef asbout 7850 £3. The waler rose %o ghout 50 L% below
the land surfacs. .

Flowing arSesian wells ocouwr in the Aherdeen~Springfield irrigation
distriet, north of Americen Failsz Reservolr. Cther srtesian areas prov-
ably will be found in the plain.

Exploratory deep driliing on the FETS &id not disclouge unquesiloned
occurrences of artesian water. If artesian water ic present, 1t is at
depths from which recoTery provably would not be economlieal. Also, the
deep water is apht 4o be inferior in chemlcal quality, as was the case
with weonfined water from the lower part of the deepest test hole
(UN-30BE-68b1), vhich jeppsd grownid water at numerous Gepthe down bo
nearly 1,500 ft. The water from permesbie zonss rose 1no higher than the
regional water table.

Test hole 2N-27E-%32¢2 reached a depth of 1,065 £t before water was
struck and the water rose to a static level 981 £t below the surface.
By literal definition, the walter is artesian. In this hole exiremely
tight besalt extends %o a considerable depth below the level of the
regional waiter itable, and the hele astually was hone dry until water was
struck., After a depth of 1,000 £t was reached the hole was undisturbed
for 13 months, but it contaired no water when drilling was resumed. The

-

sitvation mey be anslegons te that created Ty a2 large boulder pardly
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voids and extremely low hydraulic permeability. The zone of saturation
often is not recognized in a drill hole in such material, because the
influx of wabter %o the well is small and dces ned noticeably decreass
the amount of water that must be added for drilling., When a permeabls
zone finally is struck the hole fills to the level of the water table,
This rise of the water level simulates that caused by artesian pressurs,
thovgh the conditions are not truly artesian. Nonpermeable sediments in
the zone of saturation sometimes cause effects similar %o those of tight
basalt.

The conditions that producs simulated artesian effects are here
called quasi-artesian. Quasi-artesian pressure is very commen in the
Snake River Plain. In many instances the rise of water in a well ig less
than 5 £%, but 25 £4 is not umusual (Appendix 2, table 5), and rises as
great as 50 £% ars reported by drillers.

Water cccurs in soms parts of thes Snake River Plain under truly
artesian condiftions, most commonly in areas whers widespread sheets cf
impermeable sediments overlie permeable tasalt. At Ruperdt, for example,
a thick blanket of nompermeable lacusirine sediments overlies basalt, in
which water ls confined under pressure. Water was siruck in basalt at a
depth of 500 ft in one well and rose to a static level about 90 £t below
the land surface. In a few localities on the plain, water rises more
than 1,000 £t above the level at which the aquifer is tapped. At some
of these places the confining material is tight basals.

Water ig confined wmder presssure beneath impermeable basalt{ in
parts of the Mud Lake basin also, and flewing and nonflowing art;sian

wells are numernus there. In that basin, which is hydrclogically



northeastward intc the southern par? of T. 6 K., Bz 30=-31 E. Owing to
the low permesdility of the perched sguifer and the small amownt of
wahker in s%@rag;eg the perched watsr is not a Xlkely source of supply fer
facilities on the NRTS.

In the MTR area, low=level radicactive liguid wvesgte is discharged
to the ground through an infiltretion pond. The waste water build wp &
perched zone of saturation that may have underlain all or mush of the
MTE site and soms adjmcent land. In an exsavation in the adjacent ETR
ares, perched water was struck in s foundaiion boring in basslt at &
depth of 16 fest., The driller reporied tha%, with twe feet of water in
the hole, he could nct bail the hole dry. The water evidently is perched
on impermesable basalf.

The perched zene of saturailcrn benesth the waste-disposal pond at
the MTR site spread ocutward %z an unknown distance beyond the borders of
the pond and appearad in shallew %est holes 25 and 50 fest distant. The
ccourrence of artificisl pershed waier has spesial interest tesamuse, on
the basis of gecloglie ccndiflons, the writers haof preficted that a
perched zone cf saturation would develop at the MIR zite if much wasts
water \}ere dispecsed of in the gravel. Similar developments may be

expected at other placzes where the geclozy is similar,

Quasi-Artesisn gnd Ariesian Wster

vvcraer

The ground water in the Snake River basalt and in sediments associ-

ated with it behzavez at some plases s thoush 1t were under artesien

pressure. Some layers ¢f the basalt are dense and messive, having few
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the water-table maps.y On that basis, underflow in the northern XNRTS
is generally southward. The gouthward bulgling of the centour that
passes through the Birch Creek playa probably is caused by wnderflow
increments from the Birch Creek valley. A similar southward dulge south
of the mouth of the Little Lost River valley is camsed by underflow from
that basin. '

South of T. 4 N. the regional tremd of underflow is west of south,
the western component being most pronounced in the southwesterm part of
the Station. Along the eastern part of the Station, south of Circular
Butte, the contours show that water from the Mud Lake basin enters the
KBTS, moving southwesiward across the Station boundary. Alcng the

entire southern boundary of the Station, underflow is southwestward.

Perched Water

Perched ground water was struck in well 6¥-31E-27bal, in the
northern NRTS, where it occurs in alluvium or lake beds. The depth to
the water table was about 60 £% and the saturated thickness was about
30 £§. No perched water was found in other test holes or wells. Well
5H-30E-21bel, which was drilled many years ago and for which drilling
records are not available, probably taps perched water.

Perched water was not given an'y special study. It is apt to Ve

present near the northwestern edge of the NRTS from 7. 5 N., R. 29 XE.

1/ The nature of grownd-water underflow and of facters that comtrol
its speed and direction are discussed in detail on pagdes 1U3-151.
The principles discussed there should be borrn in mind when”using
water-tsble maps or basing plans on them.



In Tps. 3 and 2 N. the wnier-tzble gradient 35 rather gentle, rang-
ing between about I and 5 {¢ per mi. The general trend of the contours
is southedss ward.

In most of the ares represented by the scconpanying meps, wells and

test heles are sparse ani measurements of the depdh to waber revezl bub

. the water tatie. afermariosn aboud the

o

few local irregularities
local configuration of the waver feile, however, is impsrrant, esgpe-

clally in rvelabicn %2 the depusal of 12quld wagtes in the grownd. This

topic will be fully discusseld later.

2

Pluctuaticns in the praiticn and cixfigeraiion =f a waher telble are
clues to eventss and fazturs that influsnce the aguifer. The position
and configuration may ve changsd, for ezample, Yy pumping or by recharge.
The accompanying msps show ddffersnces in the waiter-Sable contours af
successive times, and some of these may represeny actual changes in the
waber table. Scme differenzes, however, ars only spparent, begausse the
ingtantanerus cenditlions al any cae tims iz the whole ares zarnct be
determined. We have no seiisfactwry meane for distingwdishing real from
gpparent chauges. At any zate, a precise waier-itable map, if it could
be made, would represent culy a transitfory. instantanesus condition

vwhich never would be repeated.

Greund-Water Underfliow

3
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The configuration of the water table at the NRTS is quite irregular.
The contours on the maps are smooth and genily eunrving bscause the depth
to water =an be measursd snly at widely sscaitered poinds which do not
reveal ths irregularities. The irregularitiss are nof% great snough at
most places to cause much error in an estimate of the depth to water atl
a new site. Where the configuration of the water table is fairly regular
and where water-level control points are spaeed' at intervals of 5§ to 10
mi, the error in estimates ranges between a few inches and % ft, Where
the configuration of the water table is less regular or where control
data are poor, errors of estimate may be larger. Additional factors
that affect the accuracy and nse of water—table maps are discussed in the
section on "Grownd-water Underflow.”

Little is known about ground water in the area immediately north of
the IET site in the ANP area. The water table seemingly is very flat
thers and at places may slope less than a foot per mile., The general
slope is southward, but locally the maximm slope deparis by at least
90 degrses from that direciion.

From Pole=Line Road scuthward through T. 5 N, the gensral glope of
the water table isg southward, ranging between about 7 and 10 £% per mi
in most of the row of Hownships, and the contours trend about easitward.
To the west, in T, 5 N., R. 29 E. $he gradient is steeper, ranging up to
about 12 £% per mi.

In T, 4 N. the water-table gradient becomes flatter toward the south,
ranging between about 2 and 10 £t per mi., The configuratior of ths water
table i3 less simple in this township than it is to the north, a.; is

gshown by ths broadly sweeping curves of the sontours.



b3

both are drewn on a mep, the spproximste depth to water at any locabtion
can be determined readily by inspsction. Maps accompanying this report
(pl. 1, part 2, and pl. 2, part 3} represent the general configuration
and altitude of the piezcmetric svrface in the ares studied. They show
that the depth tc the water iabtle ranges from abeut 200 £¢ in the northern
ERTS Yo more than 800 f% in the soutbeastern part near Twin Buttes

(pic 2)

Position and Forx of the Water Table

The aititude of the water *sble ranges from abeut 4,580 £t zbove
mel in the nerithern part of the Station t¢ sbout 4 405 f£& near the
gonthwest corzmer (pl. 2). The water—table contousz on plate 2 represent
the generalized gliitude and configuration of ithe water %table throughout
the NRTS in April 1953%. Maps for other times, some months gpart, are
included in appendix 2 {pis. 1 and 3). The maps avre troadly generalized,
being based on nemsimul taresty meagurements in widely spated wells and
test holes. I2ah represenvg an gverage ccnditicn which ¢ reascnably
correct for the RIS as & whele bubt is not correst in pinpoint debeail.
The maps are useful and satisfactery so long as their limitations are
recognized.

Most of the measurements on which the centour maps are based were
made on the days or in the msnths specified on the maps, but a few were
made at cther timsgs. The off-duve water levels were adjusted e the

dates of the meps by <interpalation belween successive measuremsnis.
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GENERAL CONDITIONS OF OCCURRENCE

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 peremmially on the
NETS. The thickness of the basalt is believed to be at least 2,000 feet,
but it may be considerably more.

The ground water beneath the NRTS is largely unconfined in a
regional zone of saturation. Locally, the water is quasi-artesian, and
trve 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 vicinity of the MTR plant.
Depth to ¥Water

The depth to the water table (normal pressure surfacs) in an aqui-
fer can be measured readily where the aguifer is tapped by wells, test
borings, or other openings. The general form of the water table com-
monly ig represented on a map by isoplestic lines. These are lines
drawn on the pressure surface, connecting points of squal altitude, and
control is obiained by direct measurements 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.

The depth to the water or pressure surface at any point is the
d4£ference between the lend=surface altitude and the altitude of the

isopiestic line at that point. If landmsurface and water-table contours
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