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SUMM/\RY 

The Raft River Geothermal Area is developed with five deep ~ro-

duction wells and two intermediate depth injection wells. Seven shallow-

wells monitor dynamic pressure response and water quality. 

General trends in the first quarter of 1979 (1-1 to 3-30) showed 

sLeddy \'/iller level increase. Waler level~ slowly decreased midway 

through the secol1(t quarter as irrigation began in the valley. Water 

levels continued lo decrease through most of the third quarter, but 

heWln to level oul as irriuat.ion pumping decr('(lsed. 

Monitor well water level response reflects three influence s : 

I. Seasonal lrerld s 

2. Irrigation pumping 

3. Geothermal production/injection testing . 

SliGht water l evel 'increll sesin all the monitor vIens during deep 

qeoth crrnal injPc Lion inlo RRGI - l could be interpreted as response to the 

le s l. 1I00o/ever, Lhis response could be due to irrigation pump shut-off 

during lhis time. Anomalous ''later level changes are attributed to 

inlwrrJogeniely and anisoLroJ,lism of aquifers, and fracture controlled 

hydraulic connections. 

Conductivity of monitor well water samples has increased since 

con s truction . Water Clual ity chanues can probably be attributed lo 

inCY'I!dSed irrioation [)lImping during the ~]rowinn season, flushinq salts 

into the shallow aquifer . 

Moni tori ng of water 1 eve 1 s and qual i ty wi 11 continue. Proposed 

fllture evaluation includes calculating barometric efficiency, pump 

testing of monitor wells, and monitoring irrigation pumps. 



IN r IWOllC r iON 

SeVl'il ~Jeothermal wells in the Haft River Valley of soutilcentral 

Idahu hiive bl~!:'n drilled. Construction of a 5 t~W binary POvler Plant is 

ilbout 60% complete. rhe power pl,lllt, '''hi c l! u ~es isobutane as the workill~J 

t 11Iid, i ~, sc hed uled to £lointo operation in lali: 1980. Env 'ironllwntal, 

hydrogeologic, and engineerin~ data collp-cUon progrrtrn s currently undervlay 

(Ire des i qncu to mi t i giJ Lc i Illpa c L, de fine the resoLJrce) and deve I op new 

analytical method s. 

lili ~, report is first in a ser ie s of quarte rly report s which s um 

mal'ize munitor well trends, response, and water quality. Monitor well 

data llnd allillysis IJrovide J working base for defining the relationship 

llelwP('n lIll' qr.~othermal and s hLlllo'vl systems, and for avoidinq detrimenta l 

environment.al imp act . . 

GENERAL (~EOLOGY 

Alt.twu~Jh lhe Raft. River Basin is usually regarded as d northern 

extremit.y of lhe [lasin (Ind Range Phy s iographic Province, it i s in fact 

at. the jUllction uetvlecn two d 'i ss imilar basin s, the Snake fhvel' Plain to 

the north, and the Great Sa 1 t Lake Bas into the so uth. (Cunni ngharn, 

1971) . There are indi cat ion s of structural influence by the i daho 

l3athol'ilil, and lhe WyolllillQ Overthrust Belt disQuised in a morphology 

lypicill of [3L1 sin and Hanqe (Cunningham, 1971, Ande r so n 1930). Associated 

faulling llIay locally se rve as conduits for the ~J eo t.herrni]l 1luid . The 

Bll s in sl.r llclure i s di ssecLed by aggraded alluvial valleys with a floo)' 

tilat «Ill be characterized as a bajada. Figure 1 s hows the phy s iography 

lind majur faults of th(~ area . The Raft River Valley is tile largest 

valley in lile ba s in and lhe site of the Raft I<iver Geothermal Project . 

Early Tertiary Laramide thrusting accounts for the lack of Paleozoic 

and Me sozo ic sediments in the valley (Williams, 1976). The major faults 

in the hil s in trend alon~J the basin of the tilted fault- block mount s. 

Fault s with th e greatest displacement are the Bridge fault, the east-vlest 
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FIGURE 1 

STRU CTURE AND TOPOGRAPHY RAFT RIVER KG RA 
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Naf fJuH in the southe rn portion of the basin, and a north - trending 

faull sys lem alonn the western front of the Black Pine Mountains. The 

Narrows s t r ucture i s described as probably being a right - lateral fault 

by Wil Iiams et al(1976). 

The rock units in the area may be divided into two broad cate-

40ries : Cenozoi c volcanic rocks, sedimentary rocks, and alluvium under-

lyin~l lI)(~ vJlley s and pre-middle Tertiary sedimentary, igneous, and 

ml!tJllIorplli c rock :, formil1q tlw surrounding mountains. TIle bi.lscmenl rock 

is intruded Precambrian quartz monzonite, overlain by schists and the 

Elb a Quarlzite, al so of Precambrian age. Some Paleozoic sediments are 

present in the southern and eastern borders of the valley. In the 

geotlle rllla 1 wi thdl' avll area , th e Precambri an metamorphi cs are unconformab ly 

OVerlelin by the tuff aceo us s i Its tone s and sand s of the Salt Lake Formation. 

Ihe Salt. Ldke lormation i~. at Plioccnl' a~Je, wilh iln aggre~Jdte exposed 

lhickne ss of at least 762 Ill, v/hich i s the average valley thickne ss. 

(Covington, 1976). Th e Raft River Formation overlies the Salt Lake 

~()rl1lali (JIl i.l nd cons i s t s of fluvi al and lacustrine s and, gravel, s ilt, and 

c lay clepos i t. s tha t. \" e n~ form ecl wll e ll basalt flows of the Sna ke River 

Pl a i n rec\u ce u the ener ~JY of the northerly dra-i nage. Loess i s wi despread 

in till! alluvial valleys and r eaches a t.hickness of at least 30 m. in 

depres s ion s (v/illiams et al, 1976). 

HYOfWLOCY 

lhe Haft Hiver l3asinis a major drainaqe tributary to the Snake 

Riv er. Hi s torically, Raft River was perennia 'I, but currently is character-

i ze d by intermittent flow. The major tributaries, Cassia Creek and Almo 

Creek, t 'lovl from the southv/e s t, draining the Cottrell and Albion Ranges. 

lotal flow out of the basin in 1968 was about 2.3 x 10
6 

m
3 

per year. 

(Wa I ker, 19/0) . About tvlO thi rds of the tota 1 di scharge from the bas in 

mov es as ground water. 

The s hallow ground water aquifer comple x con s i s ts of basin alluvium, 

llle Hilfl Iliver ~ u nna ti o ll, and th e upper unit of the Salt Lake ~orillatioll . 
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Ihe IlJaln body of ground water is unconfined. The aquifer complex exhibits 

locally confined behavior, however regionally can be considered unconfined. 

Depth to ground water in the basin ranges from 0 to 120 meters. 

r;~JllI'C 2 shows rJr0undWJtel' countours for the basin. The slope of the 

water table at the geothermal site is about 4,8 m/km. 

Wdt(~1' l('vl'l decl if)(,~ of J~) mllch as 15 m. I>dw('(~n 195? and 1966 were 

rl'jloY'ted north of Mal t.1 (Wa 1 ker 1970). I ncreJsed pump; nf) of i ni qat ion 

wells caused ground waLeI' level declines in the valley. Consequently, a 

morat.orium was declared on new irrigation wells ill the vall(~y 'in '1963. 

Surface manifestations have indicated the presence of a geothermal 

I'e~)ource in the KGRA. Data ind'icate that total dissolved solids and 

temperature both increase slightly in ground water at the KGRA. Geology, 

chemistry and hydraulic characteristics indicate an inhomogeneous 

qeothcnnal reservior. The fault-contl'olled resource can best be thou~Jht 

of as an aquifer, with geothermal fluid (deep circulating meteoric 

water) migrating along fault swarms and associated fractures. The heat 

SOllrce is probably a combination of radiation from a shallow magma and 

\'esidual heat from fault friction. The quartz monzonite (adamellite) 

tJasem(~nt rock acts as a "hot plate," conducting the heat from the source. 

(Allan, 1979). 

Development of the resource has led to the requirement for monitor 

wells, Seven monitor wells have been completed in the KGRA, ranging in 

depth from 150 to 400 meters (Fi9ure 3). Figure 4 shows well construction 

<Inc! w'nHal lit.holo{}y, Monitor wells in the KGRA show season;ll vlater 

i('vel trends, Illodifipc! temporally by irrigation pumpillf.j. Water level 

chilnqes, as response to dynamic hydrologic conditions, are monitored by 

<Ii gi quartz pressure transducers in artes i an wells (Mvl-l, MW- 2 and MW-4), 

and by Stevens TypE: r Water Lpvel Recorders at non-nowing y/ells (MW-3, 

r~W-4, '~\~-5, MW-6 and t~W-7). Monitor well 4 (MW-4) is equipped with a 

dUill (.ystem as t.he water' level is npar land surface, 
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Figure 2 

Water Level Contours, 
Raft River Valley 

(from Walker et. al., 1970) 

--4700--

Boundary of water-bearing rocks 
and deposits considered in this report 

Water·level contour 
Dashed where position uncertain 
Contour intervals 50 and 100 feet 

- - -:>f,(j()---- Ground level contours 

Ir~ELA-13 971 
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Data for the U. S. Geological Survey wells (USGS-2 and USGS-3) may 

be ava i lab 1 e for' f lJtlln~ re~orts. Power prob 1 ems at MW-I and 1 ack of 

availab"le instrumentation at MW-2 render that intermittent data of very 

limited value. 

This report will concern hydrologic conditions and water chemistry 

at t~\~-3, MW-4, MW-5, MW-6 and MW-7 from 6/30/79 to 9/30/79. All data 

for t.his l"inw per'ind wrre at wells in the vicinity of injection well.., to 

the e;lst of the Haft River. 

INITIAL GHOUNDWATEH TRENDS 

f~egi ona 1 Trends 

An average Regional Trends water level rise of .01 m/day was seen 

in the first quarter of 1979 (1/1 to 3/30/79). All of the wells showed 

a water level decline during the second quarter of 1979. Table 1 shows 

trends 1'0), the first two qU<lrters of 1979. 

Specific Responses 

MW-4 has shown a water level rise of .06 mlday (corrected for 

re~liof)al tr-end) following injection at RRGI-6 of 38 lis (fet-2-79, 

3-;<) to 4-;9). flowmeter logs of RRGI-6 indicate a significant portion 

of till' injected fluids leave the borehole immecliatf!ly below the casing 

al a depth of 515 t.o 550 m. This "thief zone" has local hydraulic 

commuilication with the shallower aquifers (Spencer, 1979). The lack of 

l'e~pollse at a well of the sallle depth and a closer proximity to the 

injPction well (MW-6), indicates that the system is inhomogeneous and 

dnisot.ropic. Mv/-6 is cased deeper than monitor well MW-4, and is in an 

opposite direction than MW-4 frolll RRGI-6. 

MW-5 h~s shown a rapid response to irrigation pumping, particularly 

of the fracy well, about 360 m. to the north (KPM-3-79). An injection 

test at RRGI-G (FET-22-79 January 1979) did not indicate response at 

9 



TABLE 1 
RAFT RIVER 

GROUNDWATER TRENDS QUARTERS 1 and 2, 1975J 

1ST QUARTER 2ND QUARTER 
TREND(RISE) DATE OF/START OF TREND (DECLI NE) 

WELL J~l/(tay ) WATER LEVEL DROP (m/day) 
----

MW-3 . all 4-22 .018 

!1W-4 .011 4-15 .012 

~,~~ - 5 .0lO 4-22 .034 

r'1v!- 6 .007 5-15 .024 

~1\~-7 .006 4-19 .020 

10 



MW-5 dur i n9 the non-pump i ng season. The response to i rri gat ion pumpi ng 

seell in this well would certainly mask an injection response during the 

gl'owi nq season. 

During a 21-day injection test at RRGI-6 (FET-2-79, 3-79 to 4-79), 

MW-5, MW-6 and My/-7 showed a sharp water level decline at the beginning 

of injection. Water levels then rose slowly during the test, at a rate 

consistent with previous trends. At the cOllclusion of the test, Lhe 

vlatl'r levels responded, rising to the trend line extrapolated from 

previous data (KPM-3-7S). A ttleory for such response is ilquifer dilation, 

d process of aquifer' expansion dU(~ to increased interstitial fluid 

pressure during injection, causing altered monitor well elevations, and 

fal~)l' \-/ater levels. Future surveys of the monitor wells may verily this 

U)('ory. 

TIIIIW QUAHHR WATER LEVEL TRENDS 

Figures 3A to 7e show detailed head changes for each well from mid

Jum~ to mi d- September. 

Table 2 shows pert.inent data from FET-5-79, that was conducted 

during this quarter. 

MW-3 

I he hydrographs f or r~w- 3 show three recogn i zab I e sections. The 

response seen between June 13 and June 15 occurrs after pumpi n~J for a 

wat.er quality sample. It is reported that a temperature increase occurred 

Juring sampling. The Lemperature/density effect could have caused the 

rapid rise and decline in water level. f3eginning at the end of June, 

lhe wateY' level showpd a steady decline of .024 m/day, v/hich 15 comparable 

Lo declines seen in M\.J-4, MW-6, and MW-7. The third section is the rise 

and decline seen between 8-20 and 9-8. A similar response is seen in 

M\~- S ,lnd MW-7 of the same depth, 'dhi I e a subdued response is seen in the 

dpcper wells MW-4 anrl MW-6. Tilis can be attributed to irrigatiun pump 

~)hul-down (see discussion t;1\'I'-5). /4. leveling out of the water level 

rlpel inc benins at about 8-8-79 and coincides with test FET-Ij-79 (8-9 to 

B-E)-!9). 

11 



Test 

Pulse til 

Pulse #2 

Pu 1 se 113 

LOnfj Term 
res t 

TABLE 2 
RAFT RI VER 

PUMPING/INJECTION DATA - FET-5-79 
Production Well RRGE-2 - Injection Well RRGI-7 

Initial 
Well head 

Flow Pressure 
Duration Rate RRGI-7 

Da te Time (mi nutes L (l/sec. ) _(kPa)_ 

8/9/79 09:22 51 47.33 441.26 
to 

10: 14 

8/9/79 13:32 337 47.33 446.09 
to 

19:09 

8/10/79 11 : 43 480 39.12 401.62 
to 

19: 43 

n/ll to 09:07 5765 28.4 451.26 
8/15/79 to 

09: 13 

12 

Final 
Wellhead 
Pressure 
RRGI-7 
~~ 

1219.34 

1339.72 

1213.48 

1043.73 



MW-4 

file water level decrease seen in the first portion of FiguY'P 4Ais 

probably recovery from test FET-1-79 (5-16 to 6-6-79). 

The water level decline seen in Figure 4A is at a rate of .024 m/day, 

which is higher than the previous trend (Table 1), but consistent with 

ttH~ waler level decline seen in Figure 4B. TI1ere is a slight waler 

level rise or leveling off during the test period (6-9 to 8-15), but of 

less magnitude than the response at this well seen during injection at 

RRGI-6. The level trend seen in Figure 4-C corresponds to the water 

level rise and decrease seen in the other wells. 

MW-5 

The water level curves seen in figures 5b and 5c are text book 

examples of drawdown and recovery due to nearby pumping (Johnson 1972, p136). 

The range of the vertical scale used in Figures 5A, 58, and 5C, 

attests to the magnitude of response seen in MW-5. During test FET-S-79, 

(8-9 to 8-15) there was a slight water level rise. f~esponse to irri~.lation 

pumping prevents interpretation. 

~1vJ'- () 

fhe response in this well is very similar to that at MW-4, a well 

opell at the same depth. Monitor well MW-6 shows a fairly consistent 

water level decline of .037 m/day (figures 6A and 68) which is greater 

thall the average regional decline. The change of slope seen in Figure 

6C conesponds to the change in slope in MW-4. An anomalous water level 

(trop between 7-25 and 8-2 is most pronounced in this well. The drop 

Sl'en from 9-3 to 9-8 has no obvious cause seen in other well data. This 

drop is similar to the 7-25 to 8-2 drop in magnitude, but of shorter 

duralion. 

13 



MW-7 

111(> hydY'ogrilph<, fl'om this well reflect a similar shape as those at 

MW-3. A water level change seen at MW-7 and not at MW-3 is between 

7-25 and 8-6 (Figure 7-B). This corresponds to build-up and fall-off 

seen at MW-S, and a water level drop at MW-6. The water ·Ievel decline 

during July is at .037 m/day. The water level rise seen in Figure 7c is 

at.024 rn/day, and t.he drop is at t.he same rate. Thi s corresponds to 

the response to inigation pumpin~J seen in MW-5, and similar water level 

flux seen in the other .wells. ~linor response to injection at RRGI-7 

could be a reasoll for the sliqht 'dater level rise seen on August 8 

(Figure 7b). 

WATER QUALITY 

Table 3 shows results of monitor well water analysis conducted in 

mid-September, compared to initial water quality (l.W.Q.), and water 

quality ill geothermal wells. Most of the monitor wells were drilled in 

Lhe sprillg and sUlllmer of 1978 and the I.W.Q. analysis is a composite of 

5ev~ral analysis during that time. The water quality of the geothermal 

wells represented IJere is also a composite of several analysis between 

1976 ~nd 1979. Natural convection upwards has degraded water quality. 

Note the poorer water quality in RRGI-6 and RRGI-7 indicated by a higher 

conductivity. It is possible that injection in these wells will force a 

poorer qua 1 i ty 0 f water upwards. The geotherma 1 water from the production 

wells approaches the quality of the monitor wells in some cases. 

flour-ide is a good indicator of known water quality types. Flouride 

levels in MW-5 and MW-7 probably indicate minimal mixing with poorer 

quality geothermal water. MW-l has a similar conductivity value as 

RRGI-6 and RRGI-7, indicating possible aquifer communication. 

The lli~Jller conductivity seen in the more recent analysis of the 

lIIonitor wells reflects a puorer vlater quality. A possible reason for 

this could be that many fanner's in the area employ intensive irrigation 

t.o flush salts uut. of tile soil. This would degrade the water qllJlityil1 

14 



TCl.BLE 3 
CHEMICAL ANALYSIS OF RAFT RIVER GEOTHERMAL WATER 

(Mean Value of Available Data - In mg/l Unless Otherwise Noted) 

CONDUCT VI:Y (HlORIDE FLUORIDE TOTAL iOTAl 
~JELL ).!!T1hos em p~ ( PP~·1) (PPi'1 ) H.i\RDN ES ,L,L <Jl,L I~! I TY 

I. W.). 9/17/79 T ',I r. 
J. • , •• (j • 9/17/79 T 'w Q .I. ••• 9/17/79 . I. \.!. Q . 9/17/79 I. \,1.0. 9/1 /73 I . '..1 • 0 . 9/17/79 _._-

MW-1 11 1 200 N/A 8.1 rl/A 3,590 N/A 2.7 N/P, I 483 N/A 25 N/A 
MW-2 51 740 N/A 7.5 :i/A 1,640 N/A 5.6 N/ ,.0.. : 295 N/A 28 N/A 
MW-3 6)100 9,250 7.6 N/A 2,410 2,360 5.1 6.16 433 470 50 N/:r\ 
MW-4 7,770 11, 400 7.9 7.0 2,440 3,270 6.2 5.79 : 473 406 40 23.20 
~~W-5 2 2000 2,720 7.8 7.0 610 560 .05 l. 34 , 4J_0 270 92.00 
MW-6 7 2 020 9 1 400 9.8 7.7 2,380 2,690 3.7 4.60 " 483 540 38.4 
M\~-7 22250 2 2 900 7.8 7.2 650 660 l.6 l. 56 , 255 368 104 88.00 
RRGE-1 3,370 N/A 8.4 N/A 776 N/A 6.3 N/A 'i N/A N/A N/ P, N/ t~ 
RRGE-2 22740 N/A 7.6 N/A 708 N/A 8.3 N/A : N/A N/A N/A N/A 
RRGE-3 9~530 N/A 7.3 ~j/ A 2,170 N/A 4.6 N/A N/A N/A N/A N/A 
RRGP-4 7)280 NiA 7.4 N/A 2,575 N/A 4.5 N/A . N/A N/A N/A N/A 
RRGP-5 2~150 N/A 8.1 N/A 900 N/A 8.4 N/A N/A N/A N/A N/A 
RRGlc-6 10 2500 N/A ; 7.3 N/A 3,150 N/A 8.5 N/A N/A N/A N/A 1'1/A 
RRGI-7 12,000 N/A j --:.- N/A 4,085 N/A 5.0 N/A N/A N/A N/A N/A 
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the deeper groundwater system (N. E. Stanley, oral communication 1979). 

OLht!l' po~)sibiJiLies for the ch<1nqe include the influence of drilJinq 

WJtel' on I.W.Q, and syslematic instrument error. Chlorides and fluorides 

present on 9-17-79 and I.W.Q. are similar, but generally more abundant 

in September. The decrease in pll bet.ween I.W.Q. and 9-17-79 cannot be 

intcrperLpd. The high I.\~.Q. PH vnlve seen at t-1W-G probably refl(·cts 

analytical error. 

[)ISCUSSION OF QUARTERLY WATER LEVEL RESPONSES 

Possible influence on these water levels includes irrigation pwnping, 

geothermal testing, barometric effects, earth tides, aquifer loading and 

other external influences. 

~esponse to Geothermal Testing 

Testing occurred just prior to this quarter (FET-I-79) 5-16 to 

6-6-79 (KPM-3-79), and during this quarter (FET-5-79). Minor water 

level changes were seen in MW-3, MW-4, MW-5, MW-6 and MW-7 during the 

injection Lest (August 9 to August 15). In all cases, however, the 

chanqe amounted to little more than water level stabilization. It is 

uncertain whether these changes are response to testing. 

Ot he r Re s 1)0 n 5 e __ ~ ____ . ___ .:::.t ___ . ____ _ 

There is no qucstioll that irrigation pumping is a major influence 

011 llle wells as evidenced in ~1W-5 (Figures 5-A, B, C). The largest 

allomaly of this period occurred between j-26 and 8-2 (Figure 8). No 

testing of the geothermal wells occurred at this time. No anomalous 

response is seen at MW-3 and MW-4. Monitor wells MW-5 and MW-7 show a 

definite water level rise, while in MW-6 the water level declined for 

that period. Closer examination shows that MW-6 responded first, at 

0900 on 7-26, followed by MW-5 at 1200 and MW-7 at 1400. The response 

of M\~-5, MW-6 and MW-7 is believed to be a function of well depth. 

MW-6 is 1311 m. deep, and responded with a marked water level decline 

16 



thre(~ hOllrs before MW-S. Both MW-5 and MW-7 are 152 m. deep, responded 

at a similar time, and showed a marked water level rise. The head at 
MW-6 is normally higher than that at MW-5 and MW-7. The source of the 

change can be thought of as irrigation pump shutdown as illustrated by 

the chat'acter'istic response of MW-5 (Figure 8). The response at MW-6 

is opposite to the response expected from deeper aquifer loading. A 
similar anomaly occurrs in early September. Niemi and Nelson (1978) 

site frtlcture - control of geothermal aquifers as the mechanism for 

selectiv(~ monitor wen response. 

[)TaLic water level changes seen in early June in all the monitor 

wells may reflect irrigation pump fluctuations. 

Conclusion 

,we: 

Conclusions about the oround water system derived from t.his data 

1. Two types of response are seen: MW-3, MW-5 and MW-7 appear to 

penetrate one aquifer, 152 m. deep, and MW-4 and MW-6 penetrate 

a deeper groundwater aquifer and are about 310 m. 

2. The connection between the geothermal system and the shallower 

aquifers is probably locally fracture controlled, and the 

aquifers are inhomogenious and anisotropic. This is evidenced 

by selective well response (KPM-3-79) and geochemistry. 

3. Some degree uf aquifer loading and/or dilation possibly occurs, 

as sho\"n by MW-5, MW-6, and MW-7. This is illustrated in 

Figure 8. 

Recommendations 

Methods that WOIJld help understand athe aquifer relationships in 

tlH' area include: 

17 



1. Calculating barometric efficiency for each well 

2. Pump testing thL monitor wells 

3. Monitoring irrigation pumps 

4. Recording field pH 

5. Hecordinq field temprratu)'(.l 

6. Evaluating more wells in the monitoring network. 

A program for adding tritium to the injection fluid during future 

tests has been initiated, and those results may refine concepts of the 

known aquifer connections in this complex hydrologic system. 

18 
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