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A groundwater monitoring program has been established on the Raft River 
Geothermal Site since 1978. 
possible impacts t h a t  may be caused by geothermal product ion and injection on 
the  shallow aquifers used for  culinary and irrigation purposes. 
progress report summarizes d a t a  from 12 monitor wells during 1981. 
d a t a  are compared w i t h  long-term trends and are correlated w i t h  seasonal 
patterns, irrigation water use an'd geothermal production and testing. These 
results provide a basis for  predicting long-term impacts of sustained geother- 
mal production and testing. To da te ,  there has been no effect on the water 
q u a l i t y  of the shallow aquifers. 

The objective of this program i s  t o  document 

This annual 
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INTRODUCTION 

This report summarizes The results o f  the continuing groundwater 

monitoring program at the Raft River Geotnermal Facility. The facility is 

located in south-central Idaho on the Raft River Known Geothermal Resource 

Area (KGRA). Preliminary geological and geophysical research conducted in 

southern Idaho by the U.S. Geological Survey (USGS) i n  1973 and 1974 

indicated the presence o f  a geothermal resource ir; the southern portion of 

Raft River Valley. Geochemical calculations using shallow aquifer data 

estimated the temperature of this resource to be 1 5 O O C .  

venture was initiated in 1974 between the U.S. Department of Energy (DOE), 

the Raft River Rural Electric Cooperative (RRREC) and the Idaho Department 

of Water Resources (IDWR) to investigate the potential of electrical 

generation using this moderate temperature geothermal resource. The 

resulting DOE Raft River Geothermal Facility is operated by EG&G Idaho, 

Inc. 

be transferred to a private utility for continued operation. 

A cooperative 

Following completion o f  DOE research and development, the plant may 

or greater 

to operate 

and inject 

nominal gross rating of 5MW(e) when 

The fluid temperature, 

the plant is provided by 

on wells. This network 

The major feature of the facility is a binary pilot plant with a 

supplied by geothermal fluid of 143OC 

quantity and disposal capacity needed 

an integrated network of supply wells 

s comprised o f  three main production 

we1 1 s [Raft River Geothermal Exploratory (RRGE) we1 1 s RRGE-1, RRGE-2 and 

RRGE-31, one backup production we1 1 [Raft River Geothermal Production 

(RRGP) well RRGP-51, two injection wells [Raft River Geothermal Injection 
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(RRGI) wells RRGI-6 and RRGI-71 and one well (RRGI-4) which was initially 

tested as an injection well and later deepened and completed as a 

producticn well (RRGP-4). !ne flow from kRGP-4 is too low to justify 

pipeline construction and consequently does not contribute any water for 

power plant use. During normal plant operation, RRGE-1, RRGE-2 and RRGE-3 

are pumped LO produce the 150 l/sec required to operate the piant. 

Geothermal fluid is disposed by injecting into RRGI-6 and RRGI-7 at a rate 

o f  120 l/sec and wellhead pressures o f  2400 kPa to 2800 kPa. The remainder 

of the fluid produced is consumed in the plant cooling cycle. Dolenc et 

al., (1981) provides a detailed description o f  the Raft River supply and 

injection system. 

-, 
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MONITOR WELL PROGRAM 

In 1963.  the IDWR declared the Raft River Basin a Critical Groundwater 

Area and restrained further ground water development. Therefore, with the 

inception o f  the Raft River geothermal program, concerns were identified 

pertaining to protection of the quality and quantity of the limited water 

supply in this region. Modeling of the shallow aquifers by the USGS 

indicated that it would take 100 years before projected rates of geothermal 

production would affect the irrigation and culinary water supply in the 

valley (Nichols 1979). However, little is known of interactions between 

the shallow and intermediate depth aquifers. Concern exists that high 

pressure injection at 1200 rn into intermediate depth aquifers could 

adversely affect nearby irrigation wells in the shallow aquifer. A ground 

water monitoring program was established by the DOE to assess this concern. 

Ground water monitoring was initiated in 1974. This effort consisted 

of semi-annual chemical sampling of 22 irrigation wells near the Raft River 

geothermal development area. This program yielded some useful baseline 

data; however, several problems were inherent. For example, access to the 

water pumped from the wells is limited to the irrigation season (April 

through September). The wells are not all consistently used, thus some 

wells that were sampled one season could not be sampled the next. In 

addition, nformation on well construction, completion and production is 

often unre iable or not available. 

3 
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Due to these problems, a joint decisiop was reached in 1976 between 

the IDWR and the DOE to establish a series o f  monitor wells near the 

geothermal site. These wells were to be located and designed to provide 

data necessary for evaluating and predicting the impact of geothermal 

development on the shallow aquifer system. The wells were established 

ow , 

wells are 

ng 1978 and were drilled so two different depths o f  the shal 

qation aquifer could be monitored. Currently, seven monitor 

established. These wells (MW-1 to MW-7),  in conjunction with data 

collected from two USGS exploratory wells (USGS-2, USGS-3),  a BLM 

geothermal well and two additional wells (Pit Well-3 and Pit Well-5), form 

the nucleus o f  the injection monitoring program. Figure 1 illustrates the 

location o f  the production and injection wells and each well in  the monitor 

network. Information on the completion characteristics o f  the monitor 

wells (Spencer and Callen 1980) i s  presented in Table 1. 

Each of the monitor wells is equipped with either a digiquartz 

pressure transducer or a Stevens water level recorder. These instruments 

provide continuous records o f  fluctuations i n  the potentiometric water 

surface in each well. 
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TABLE 1 . ~10NITOR \{ELL Cr)HPLETIOEI IHFORFIAT ION 

Surface Bottom Hol e 
Temperature Temperature 

( " C )  ( " C )  .--- 

-- 80 

\le1 1 

( M I  ( m  1 

1475 3 99 

El eva t i  on Depth 
Perforations C a s i n g  

25 cm diameter: 0 13-37 m 
15 CCI diameter: 37 m-369 1;1 

20 cm diameter: 0 m-166 m 

30 cm diameter: 0 19-61 m 
20 c n  diameter: 61 ci-153 m 

25 crn diameter: 0 111-171 m 
20 cm diameter: 171 m-254 ci 

30 cm diameter: 0 si-61 m 
20 cm diameter: 61 m-136 in 

25 cm diameter: 0 m-46 m 
15 cm diameter: 46 11-274 m 

30 cm diameter: 0 m-61 m 
%O cm diameter: 61 r!i-l52 m 

1 0 crn A i  (1 pic tcr  : 0 r i i  - 64 iii 

10 cm d iai!i. t c r :  0 r;i-60 r i l  

10 cr;i diiimet~?r*: 0 m-17 c i  

15 crn cliaiiietet-: 0 p i - 1 7  r,i 
1 0  cin tliafwter: 1 7  m-26 I:I 

tlo t a v i i  i 1 ab1 e - -  

mr-1 None 

-- 1 7 4  

1472 153 

154 m-166 m 58 

24 

106 

71 50 s lo t s  between 
140 m and 153 m 

rlW-4 1468 305 105 s lo t s  between 
225 m and 254 m 

20 97 

13 28 1466 152 54 s lo t s  between 
124 m and 136 

1469 305 None 11 44 

20 35 tdd - 7 1474 152 50 s l o t s  between 
140 m and  152 pi 

28 

7 7  

-- 

59 

83 

_ -  

\ lSGS-" 

IJSGS- 3 

PW-3 

P!sl - 5 

t4 c) n e 

t 1011 ij 

lloric 

1 7  Ill-26111 
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GEOLOGY AND HYDRCGEOLOGY 

T-. 

r 

The southern Raft River Valiey is a complex structural bas n 

surrounded on three sides by mountain ranoes (Figure 2). The B ack Pine 

Mountains bound the east side of the basjn. They are comprised primarily 

of Late Paleozoic marine sediments with mincr Tertiary and Quaternary 

volcanic and alluvial sediments. Structurally the range exhibits high 

angle normal faulting superimposed on folds and low-angle thrust faults 

associated with Laramide tectonism. The Raft River Range bounding the 

south end of the valley formed in the Pliocene as a doubly plunging 

east-trending anticline (Compton et al., 1977). The autochthonous core of 

the range, Precambrian Adamellite, is mantled by two major allochthonous 

sheets of Precambrian, Paleozoic and Triassic rocks that were displaced 

many kilometers over low-angle faults. Strata from both the autochthon and 

part of the Precambrian allochthon form the basement complex in the Raft 

River basin. 

are a tilted block (Anderson 1931). 

Salt Lake Formation capped in places by rhyolite flows. The east side of 

the range is bounded by listric normal faults that significantly affect the 

geothermal resource. The Raft River enters the basin from the southwest 

and flows north to its confluence with the Snake River. 

The Jim Sage Mountains bounding the west side of the valley 

The range is comprised of the Tertiary 

The stratigraphy in the basin consists of recent alluvium and 

colluvium, the Pleistocene Raft Formation and the Tertiary Salt Lake 

Formation (Figure 3 ) .  These sediments unconformably overlie the assemblage 
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Figure 2. Major structural features of the Raft River Valley. 
The DOE geothermal facility is located about 23 kin 
south-southwest o f  Malta, Idaho. 
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o f  P recambr ian  me tased imen ts  and A d a m e l l i t e  w h i c h  

R i v e r  Range. The R a f t  F o r m a t i o n ,  a f l u v i a l  and a 

c h a r a c t e r i z e  

l u v i a l  depos 

m e t e r s  t h i c k ,  c o n s i s t s  o f  q t i a r t i  sand and s i l t ,  u n c o n s o l i d a t e d  

t h e  R a f t  

t up t o  300 

t u f f  and 

r h y o l i t e  g r a v e l ,  and q u a r t z  sand and q u a r t z  s i l t .  The sed imen ts  o r i g i n a t e d  

i n  t h e  s u r r o u n d i n g  m o u n t a i n  ranaes  and a r e  p o o r l y  s o r t e d  and a n g u l a r .  

C o r r e l a t i o n  o f  t h e  R a f t  F o r m a t i o n  between w e l l s  i s  n o t  f e a s i b l e  due t o  t h e  

l e n t i c u l a r  n a t u r e  o f  d e p o s i t i o n .  The S ia l t  Lake F o r m a t i o n  i s  a l a c u s t r i n e  

d e p o s i t  u p  t o  1600 m e t e r s  t h i c k .  

Q u a t e r n a r y  sed imen ts  i s  n o t  a l w a y s  d e f i n i t i v e ,  b u t  i s  u s u a l l y  based on t h e  

r e l a t i v e  abundance o f  v o l c a n i c  m a t e r i a l  w h i c h  i s  g r e a t e r  i n  t h e  l a c u s t r i n e  

d e p o s i t .  

The d i v i s i o n  between T e r t i a r y  and 

The S a l t  Lake F o r m a t i o n  p r i m a r i l y  c o n s i s t s  o f  t h i n - b e d d e d  t o  

m a s s i v e  l i g h t  g reen  t u f f a c e o u s  s i l t s t o n e  and 

c o n g l o m e r a t e  ( D e v i n e  and Bonn ichsen ,  1979). 

f o r m a t i o n  a r e  s h a l e ,  s i l t s t o n e ,  sands tone  an 

i n d i c a t e  t h e  s e d i m e n t s  o r i g i n a t e d  p r i m a r i l y  

r a n g e s .  G e n e r a l l y ,  t h e  sed imen ts  a r e  p o o r l y  

s t r u c t u r e s  i n  t h e  S a l t  Lake F o r m a t i o n  i n c l u d  

sands tone  w i t h  m i n o r  

The p r i m a r y  r o c k  t y p e s  i n  t h e  

t u f f .  Provenance s t u d i e s  

n t h e  s u r r o u n d i n g  m o u n t a i n  

c o n s o l i d a t e d .  D e f o r m a t i o n a l  

m i c r o f a u l t s ,  b r e c c i a s ,  

c o n v o l u t e  l a m i n a t i o n s  and b a l l  and p i l l o w  s t r u c t u r e s .  These f e a t u r e s  

i n d i c a t e  r a p i d  d e p o s i t i o n  and d e f o r m a t i o n  o f  w a t e r - s a t u r a t e d  sed imen ts ,  

p o s s i b l y  caused by s lumps and t u r b i d i t y  c u r r e n t s  ( D e v i n e  and Bonn ichsen ,  

1979). 

The Precambr ian  m e t a n o r p h i c  sequence, f r o m  y o u n g e s t  t o  o l d e s t ,  i s  

c o m p r i s e d  o f  t h e  Q u a r t z i t e  o f  Y 

E l b a  Q u a r t z i t e  and t h e  O l d e r  S c h i s t .  B o t h  t h  i t e  o f  Y o s t  and t h e  

O l d e r  S c h i s t  a r e  a b s e n t  i n  w e l l s  RRGE s absence i s  



p o s s i b l y  due t o  low-angle thrust f a u l t i n g  t h a t  c h a r a c t e r i z e s  t h e  Raft  q i v e r  

Range. 

o l d e r  than t h e  metasediments,  and p a r t i a l l y  remobil ized and in t ruded  

(Wil l iams ,  i 9 7 6 ) .  

Precambrian Adamell i te  basement rock i s  thought  t o  be p a r t i a l l y  

The geologic  s t r u c t u r e  o f  t h e  Raft  River Basin has been s t u d i e d  

e x t e n s i v e l y  using geophysical methods, s u r f a c e  mapping, and a e r i a l  

photography. 

f l a n k  of t h e  Black Pine Mountains with secondary normal f a u l t i n g .  The 

western boundary of t h e  bas in  i s  downdropped along a s e r i e s  of l i s t r i c  

normal f a u l t s  c a l l e d  t h e  Horse Well f a u l t  and t h e  Bridge F a u l t  ( F i g u r e  2 ) .  

The Br idge  F a u l t  s t r i k e s  north-south,  extending from t h e  south end of t h e  

Jim Sage Mountains t o  t h e  e a s t  s i d e  of Sheep Mountain. 

a 60-80° d i p  a t  the  s u r f a c e ,  f l a t t e n i n g  a s  i t  decends t o  p a r a l l e l  the  

metasediments ( F i g u r e  3 ) .  Numerous v e r t i c a l  f r a c t u r e s  extend i n t o  the  

bas in  sediments from the f a u l t s  (Covington, 1980).  A n o r t h e a s t  t r e n d i n g  

s t r u c t u r a l  l ineament extends a c r o s s  the v a l l e y  from the south end of the 

Jim Sage Mountains. 

i s  p o s s i b l y  a basement s h e a r  r e l a t e d  t o  the Humboldt Zone o f  northern 

Nevada (Mabey, e t  a l . ,  1978). 

The e a s t e r n  boundary of t h e  basin i s  formed by t h e  downwarped 

T h e  f a u l t  plane has 

This poorly d e f i n e d  s t r u c t u r e  c a l l e d  the  Narrows Zone, 

The geothermal resource  from w h i c h  f l u i d s  a r e  withdrawn i n  the Raft  

River Valley occurs  i n  the  zone of i n t e r s e c t i o n  between the Bridge F a u l t  

and the Narrows Structure. Hydrothermal water  r i s e s  a t  t h i s  i n t e r s e c t i o n  

and spreads  i n t o  the  S a l t  Lake Formation along porous zones in  t h e  

sediments and along sof t -sediment  f r a c t u r e s .  Hydrothermal a l t e r a t i o n  i n  

11 



t h e  S a l t  Lake F o r m a t i o n  and t h e  R a f t  F o r m a t i o n  has r e s u l t e d  i n  r e p l a c e m e n t  

o f  p r i m a r y  c a l c i t e  by s i i i c a ,  f r a c t u r e  f i l l i n g  by c a l c i t e ,  c l a y  m i n e r a l  

a l t e r a t i o n ,  anc emp lacsaen t  o f  secondary  m i n e r a l s  (6.ckerman, 1979) .  

H y d r o t h e r m a l  a l t e r a t i o n  i s  most  p r e v a l e n t  i n  t h e  deeper  sed imen ts  where 

c a l c i t e  f i l l s  f r a c t u r e s  and s i l i c a  fo rms  a " c a p r o c k "  above t h e  geo the rma l  

r e s e r v o i r  ( C o v i n g t o n ,  1980). S t a t i c  w a t e r  l e v e l s  i n  Lhe t h e r m a l  r e s e r v o i r  

a r e  a b o u t  100 m above t h e  l a n d  s u r f a c e .  Because t h e  h j / d r a u l i c  g r a d i e n t  i s  

d i v e r t e d  uaward (head  i n c r e a s e s  w i t h  d e p t h ) ,  some s h a l l o w  and i n t e r m e d i a t e  

a q u i f e r s  a r e  r e c h a r g e d  i n  p a r t  by upward  l e a k a g e  f r o m  d e e p e r  a q u i f e r s .  

T h i s  i s  e v i d e n c e d  by t h e  s h a l l o w  h o t  w e l l s  i n  t h e  b a s i n .  

Groundwater  i n  t h e  b a s i n  o c c u r s  i n  b o t h  c o n f i n e d  and u n c o n f i n e d  

c o n d i t i o n s  i n  t h e  R a f t  F o r m a t i o n  and t h e  S a l t  Lake F o r m a t i o n .  Mos t  

a q u i f e r s  b e l o w  300 m a r e  c o n f i n e d .  L o c a l  p r e c i p i t a t j o n  and i n f i l t r a t i o n  a f  

s u r f a c e  w a t e r  and i r r i g a t i o n  r u n o f f  r e c h a r g e  t h e  s h a l l o w  a q u i f e r s  i n  t h e  

R a f t  F o r m a t i o n  and t h e  S a l t  Lake F o r m a t i o n .  The r a t e  o f  t h e  g r o u n d  w a t e r  

w i t h d r a w a l  f o r  i r r i g a t i o n  w i t h i n  t h e  b a s i n  has  i r ; c r e a s e d  s u b s t a n t i a l l y  f o r  

t h e  l a s t  30 y e a r s .  Mos t  o f  t h e  v a l l e y s  i r r i g a t i o n  w e l l s  a r e  c o n c e n t r a t e d  

w i t h i n  3 km o f  t h e  R a f t  R i v e r .  Ground w a t e r  l e v e l  d e c l i n e s  a l o n g  t h e  r i v e r  

have been t h e  mos t  seve re .  An e s t i m a t e d  t o t a l  o f  more t h a n  0 . 6  km o f  

g r o u n d  w a t e r  was removed f r o m  t h e  b a s i n ' s  a q u i f e r  s t o r a g e  by t h e  end  o f  t h e  

1966 i r r i g a t i o n  season ( W a l k e r  e t  a l ,  1970).  A g r o u n d  w a t e r  d e c l i n e  o f  

more t h a n  15 m has  o c c u r e d  i n  t h e  a g r i c u l t u r a l  r e g i o n  n o r t h  o f  M a l t a  s i n c e  

1952. 

1979) .  These d e c l i n e s  a r e  due t o  i r r i g a t i o n  w a t e r  w i t h d r a w a i  and a r e  n o t  

3 

A 6 m d e c l i n e  has  been o b s e r v e d  n e a r  t h e  geo the rma l  s i t e  ( N i c h o l s  

12 



a s s o c i a t e d  with Raft  River geothermal deveiopment. Almost a l l  t h e  s u r f a c e  

water  of t h e  r i v e r  i s  d i v e r t e d  f o r  i r r i g a t i o n .  A s  a r e s u l t ,  the  Raft  River 

f i o w  r a t e  dur ing  t n e  i r r i g a t i o n  seasor; i s  : o t a i ? y  d i s s i p a t e d  by t h e  t ime i t  

reaches Malta .  

13 



GENERAL GROUND WATER TRENDS 

Ground w a t e r  l 2 v e l  changes a r e  c h a r 5 c t e r i z e d  by a l o n g - t e r m  t r e n d  and 

by annua l  seasona l  f l u c t u a t i o n s ,  The l o c a i  s h a l l o w  a q u i f e r s  w i t h i n  t h e  

R a f t  R i v e r  E a s i n  e x h i b i t  a d e c l i n i n g  l o n g - t e r m  t r e n d  due t o  e x t s n s i v e  

i r r i g a t i o n  pumping ( N i c h o l s  1979) .  Da ta  c o l l e c t e d  f r o m  m o n i t o r  w e l l s  MW-3, 

MW-5, MW-6, MW-7. PW-3 and USGS-2 e x h i b i t  a d e c l i n i n g  t r e n d  i n  t h e  

l o n g - t e r m  g r o u n d  w a t e r  l e v e l  r e c o r d s ,  i n d i c a t i n g  a c l o s e  r e l a t i o n  w i t h  t h e  

i r r i g a t i o n  a q u i f e r s .  

t o  i r r i g a t i o n  a q u i f e r  use ,  however t h e s e  t r e n d s  a r e  o f t e n  masked by t h e  

response  t o  i n j e c t i o n .  R o n i t o r  w e l l s  MW-1 ,  U S G S - 3  and B L M - o f f s e t  do  n o t  

e x h i b i t  s e a s o n a l  t r e n d s  and  appear t o  have l i t t l e  o r  no c o n n e c t i o n  w i t h  t h e  

M o n i t o r  w e l l s  MW-2 and MW-4 a l s o  show some response  

i r r i g a t i o n  a q u i f e r s .  

A d i s t i n c t i v e  seasona l  g r o u n d  w a t e r  l e v e l  f u c t u a t i o n  i s  f o u n d  i n  mos t  

o f  t h e  m o n i t o r  w e l l s .  H i s t o r i c a l l y ,  t h e  seasona w a t e r  l e v e l  r e a c h e s  i t s  

peak  a t  t h e  end o f  A p r i l .  

s t a r t s  t o  d e c r e a s e  and pumping o f  w a t e r  used f o r  i r r i g a t i o n  b e g i n s .  

C o n s e q u e n t l y ,  t h e  g r o u n d  w a t e r  l e v e l s  d e c l i n e  t h r o u g h  t h e  end  o f  

September;. 

end  o f  A p r i l ,  t h u s  c o m p l e t i n g  t h e  c y c l e .  The seasona l  f l u c t u a t i o n s  

o b s e r v e d  i n  t h e  i n d i v i d u a l  m o n i t o r  w e l l s  a r e  l i s t e d  i n  T a b l e  2.  The 

v a r i a t i o n  i n  seasona l  f l u c t u a t i o n s  can i n  mos t  cases  b e  used as  an 

i n d i c a t i o n  of  t h e  e x t e n t  of  r e c h a r g e  a s s o c i a t e d  w i t h  p r e c i p i t a t i o n .  

A t  t h i s  t i m e  r e c h a r g e  f r o m  snowmel t  and r a i n f a l l  

A w a t e r  l e v e l  r i s e  b e g i n s  i n  O c t o b e r  and c o n t i n u e s  u n t i l  t h e  

i 

c 
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TABLE 2. MAGNITUDE OF SEASONAL WATER FLUCTUATION IN THE MONITOR WELLS 

We1 1 
Number 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 

MW-7 

USGS-2 

USGS-3 

PW-3 

PW-5 

BLM-Off s e t  

Seasonal F1 u c t u a t i  on 
(m) 

-- 
2.44 

3.05 

5.98 

2.84 

2.74 

2.33 

1.16 

0.37 

1980 

1.98 

2.48 

1.83 

2.10 

4.76 

2.04 

2.16 

3.08 

1.68 

5.73 

0.79 

0.42 

1981 

0.63 

3.38 

2.90 

2.53 

5.61 

2.83 

2.71 

4.05 

0.91 

6.49 

0.60 

0.23 
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WATER CHEMISTRY 

Samples for chernica? sc:a7yses w ~ r e  collected frori! the monitor .wells 

three times during 1981. The MWl, MW-2, USGS-3,  and Crook thermal wells 

have potentiometric heads above the land surface. Samples from these bells 

were collected from the artesian flow. The remaining monitor wells were 

sampled using submersible pumps. Wells were generally cleared o f  one 

wellbore volume before samples were collected. Table 5 contains a list o f  

chemical analyses performed during 1981. 

Differences in water qc;ality between the various wells can generally 

be explained on the basis o f  depth and location within the geothermal 

field. Specific conductance is a good indicator o f  general water quality 

because it is closely related to the total dissolved solids in water. 

Therefore, this parameter is useful for comparing gross differences in 

water quality (Figure 4). 

specific conductance and appears to be located in a low permeability area 

o f  a relatively hot and shallow portion of the geothermal reservoir. The 

low circulation rate of fluid in the zone monitored by MW-1 and the 

relatively high temperatures probably account for the high specific 

conductance. The chemical character of MW-1 is similar to the chemical 

character o f  water encountered in RRGI-6 and RRGI-7. Despite this chemical 

similarity, there appears to be no direct hydraulic connection between MW-1 

and the injection wells. 

The deepest monitor well, MW-1, has the highest 

c 
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TARLE 3 .  CHEFIICAL AMLYSES OF THE RAFT R I V E R  VALLEY HOIIITOR UELLS DATA RECORDED ill mg/l UfILESS 
OTHFRIIISE S l  ATED 

.I________ ____I- -I_ --__II------ --- 

Anal ys i 5 

F 

so4 

HCOR 

C a  

K 

Si02 

A l k a l i n i t y  
(CaC03) 

Con dii c t i  v i ty 
y mh os/ cm 

Hardness 
( I: aC0 3) 

TDS 

Fll! - 1 

04 /n i /a i  

1.5 

3620 

76 

28 

235 

n. 37 

2088 

42 

96 

25 

061 i 0181 -- 
2.9 

3970 

77 

29 

200 

0.29 

2460 

26 . 

78 

24 

--- 1 i / i 7 / a i  

3 .0  

3620 

85 

49 

271 

0.31 

1950 

* 30 

81 

30 

03 i31  /a i  .--- 

2.8 

1660 

51 

34 

135 

0.40 

92 3 

34 

88 

30 

06/ 1 OiSl 

5.4 

1760 

58 

38 

110 

0.36 

960 

23 

a3 

31 

I l i l 6 / f i l  

5.6 

-- 

1640 

U O  

54 

155 

0.34 

1000 

24 

90 

36 

t1!?-3 
--_I_ 

-__I 03/02/81 1 1 / 1 7/31 

2.6 5.6 

2400 2596 

45 56 

56 68 

l a 5  220 

0.45 3.7 

1300 1680 

49 54 

107 121 

45 50 

11 200 11 200 11100 6GOO 5500 54 90 7900 7030 

520 51 0 6 30 31 0 2 90 3 170 440 560 

PH 7.60 7.60 7.63 7.23 7.30 7.41 7.43 7.37 

("C) 
Temperature 80 79 81 66 68 70 -- 49 

-- 
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Figure 4.  Specific conductance o f  water samples collected from selected 
wells a t  the Raf t  River Geothermal S i te  



The similarity of specific conductance between MW-3, MW-4, and MW-6 is 

in sharp contrast to their very different response to irrigation pumping 

ar;d injection. MW-3 is shallower ( 1 5 2  m) than either MW-4 ( 3 0 5  n) or MW-6 

(311 m )  and would normally be expected to have a specific conductance 

similar to MW-5, which is at the same depth as MW-3. The abnormally high 

specific conductance at MW-3 may be due to a high rats of ieakage from the 

underlying intermediate zone possibly due to faulting o f  an aquitard 

between the intermediate and shallow aquifers. The specific conductance of 

MW-4 and MW-6 are probably representitive of the specific conductance of 

the intermediate aquifer between 300 m and 400 m. 

Monitor well MW-2 and the Crook well are close together and completed 

at approximately the same depth. A s  expected, the water chemistry in the 

two wells i s  similar. These wells produce unusually hot water for their 

depth. They appear to be closely associated with a large subsurface 

geothermal discharge; probably occurring via faults. The BLM well is 

northwest of the geothermal field, and although it has a relatively low 

specific conductance is 95OC at the surface. 

between the BLM and Crook thermal wells i s  possibly due to the wells 

obtaining fluids from different geothermal systems or from different 

portions of the same geothermal system. Monitor well MW-5 and MW-7 are 

both located to the southeast of the developed geothermal field and 

probably monitor the shallow aquifer. The water chemistry i n  this 

shallower zone (150 m )  is much better than in the intermediate aquifer. 

The difference in chemistry 

2 1  



Most  o f  t h e  w e l l s  appear  t o  e x h i b i t  some v a r i a t i o n  i n  c h e m i c a l  

c o n c e n t r a t i o n s  w i t h  t i m e .  T h i s  i s  p r o b a b l y  caused  by changes i n  samp l ing  

m t h o d s  and a n a l y t i c a l  e r r a r s  r a t h e r  t h a n  because o f  any changes i n  g r o u n d  

w a t e r  c h e m i s t r y .  None o f  t h e  m o n i t o r  w e l l s  show a s i g n i f i c a n t  upward o r  

dcwnward t r e n d  i n  w a t e r  Q u a l i t y  compared t o  t h e  s h o r t  t e r m  f l u c t u a t i o n s  i n  

s p e c i f i c  conduc tance .  Thus, i t  appears  t h a t  geo the rma l  t e s t i n g  has had no 

a p p r e c i a b l e  e f f e c t  on t h e  c h e m i c a l  q u a l i t y  o f  t h e  w a t e r .  

22 



PRODUCTION-INJECTION TESTING 

r. 

1 

- .  I h e  p r o d u c t i o n - i n j e c t i o n  sys tem was c r i g i n a l l y  d e s i g n e d  t o  d i s p o s e  o f  

g e o t h e r m a l  f l u i d  t h a t  had been used f o r  power g e n e r a t i o n  by d i r e c t l y  

pumping  i t  v i a  a p r e s s u r i z e d  p i p e l i n e  i n t o  t h e  i n j e c t i o n  w e l l s .  The 

r a t i o n a l e  f o r  t h i s  c l o s e d  sys tem d e s i g n  was t o :  

1. m i n i m i z e  c o o l i n g  o f  t h e  geo the rma l  f l u i d  p r i o r  t o  i n j e c t i o n ;  

2. r e d u c e  t h e  p o s s i b i l i t y  o f  p a r t i c u l a t e  f o r m a t i o n ;  

3 .  p r e v e n t  consumpt i ve  w a t e r  l o s s  v i a  e v a p o r a t i o n .  

S e v e r a l  o p e r a t i o n a l  d i f f i c u l t i e s  were  a s s o c i a t e d  w i t h  t h e  c l o s e d  sys tem.  

The m a j o r  sou rce  o f  p rob lems  was t h e  need t o  p r e c i s e l y  i n t e g r a t e  t h e  f l o w  

between p r o d u c t i o n  and i n j e c t i o n  w e l l s .  A m a l f u n c t i o n  w i t h i n  t h e  n e t w o r k  

o f t e n  n e c e s s i t a t e d  a s h u t  down o f  t h e  e n t i r e  o p e r a t i o n .  These t i m e  

consuming s h u t  downs were  compounded by t h e  o c c a s i o n a l  f a i l u r e s  o f  t h e  

s u b m e r s i b l e  p r o d u c t i o n  pumps. The o p e r a t i o n a l  l i f e  o f  t h e s e  pumps was 

o f t e n  l i m i t e d  t o  days  o r  somet imes o n l y  m i n u t e s .  

I n  1981 t h e  c l o s e d  i n j e c t i o n  sys tem was m o d i f i e d  so t h a t  t h e  d i s p o s e d  

f l u i d  f l o w e d  d i r e c t l y  i n t o  an open pond. T h i s  a l l o w e d  i n d e p e n d e n t  

o p e r a t i o n  of t h e  p r o d u c t i o n  a n d  i n j e c t i o n  sys tems.  The c o o l e d  w a t e r  (30OC) 

d i d  

n o t  

n o t  cause  a 

i n c r e a s e  t o  



submersible geothermal pumps were replaced by line-shaft geothermal pumps. 

These pumps nave performed satisfactorily since their installation i n  

July, 1 9 E i .  

The proauction-injection activity i n  1981 i s  presented i n  Table 3. 

Major tests of  previous years are listed in Table 4. For greater detail on 

past production and injection tests see Dolenc et al. (1981). 
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TABLE 4. PRODUCTION MID INJECTION TESTS D U R I N G  1981 
- 

Ill JE CT I O N  !.I ELLS PRODUCT ION 

Date 

2/4 - 2/17 

2/19 - 2/25 

31 9 

3/17 - 3/15 

3/19 - 3/30 

M 
5/27 - 6/1 

8/20 

8/20 

10/19 

10/20 - 10/23 

10/21 - 10/23 

10/21 - 1O/23 

10127 - 11/3 

10/27 - 11/3 

Dura t ion 
Well Number (hours)  

RRGI-6 55 

RRGI-7 27 

RRGI-7 7 

RRGI-7 100 

RRGI-7 240 

R R G I - 7  24 

RRGI-6 7 

R R G I - 7  2 

RRGI-7 10 

RRGI-6 50 

RRGI-7 50 

RRGI-7 104 

RRGI-6 75 

Rate 
(L/scc 1 .--___ 

16 t o  30 

25 t o  28 

42 

40-44 

39-43 

25 t o  28 

53-73 

20-41 

57-85 

61-63 

61-h6 

61 -66 

61-ti3 

Ccciar ks We1 1 thimber 

cold water d i r e c t  
inject ion 4-9.5 hours/ 
da Y 

cold water d i r e c t  
2 t o  7 hours a day 

cold water d i r e c t  
inject ion 

hot water d i r e c t  
in jec t ion  

h o t  water d i r e c t  
in j c c t  i on 

cold wd t c r  d i r e c t  
inject ion 2 t o  8 
hours a day 

ha t  water d i r e c t  
in j e c t i  on 

hot water' d i r e c t  
i r i  j c c t i  on 

as of  1O/19. f l u i d  
disposal procedure 
changed frofii a 
c ioscd,  d i r e c t  
inject ion t o  
disposal in reserve 
ponds a t  RRGI-6 and 
X G I - 7  pr ior  to 
injectiori 

RRGE-3 

RRGE-5 

RRGE- 5 

RRGE- 3 

RRGE-2 
RRGE-1 

RRGI-1 

RRGI-2 
Ri'tGI-3 

Dura t i  on Rate 
(hours)  (L/sec 1 ' Remarks - _- -I-__. 

7 44 Stopped due 
t o  purnp 
f a i l u r e  

102 41 -44 Stopped due 
to  pump 
fa i 1 i r e  

240 41-44 

7 28 

63 50 
75 63 

100 63 

52 50 . 
55 35-41 



TARLE 5. MAJOR ( 80 tt!?UR) PRODIICTION AND ItlJECTiOtl TESTS FRO!! 1978 THROUGH 1983 
I_ 

_I 

Date 

1 3  

5/14-6/17 

5/14-6112 

611 2-611 7 

8120-91 10 

8120-8128 

8123-911 o 

31 20- 41 10 

511 6-616 

811 1-811 5 

1011 510118 

1978 

51 30- fi/ 9 

-- 

1;lcll Nunher 

RRGI-6 

RRGi-7 

RRGI-6 

RRGI-7 

RRGI-6 

RRGI-6 

R R G I - 7  

RRGI-7 

RRGI - 4 

Dura tion 
( hours ) 

700 

122 

190 

285 

504 

483 

96 

80 

221 

Rate Dura t i  on Rate 
(Llsec 1 Remarks Well Number (hours)  (L/sec)  ___ Remarks - --- ----I_- 

RRGE-3 823 44 

44 hot  water d i r e c t  
inject ion 

44 

57 

57 

hot  water d i r e c t  
inject ion 

39 hot water d i r e c t  
in jec t ion  

40 hot  water d i r e c t  
ir! j e c t i  on 

63 hot water d i r e c t  
inject ion 

63 hot water d i r e c t  
inject ion 

45 h o t  water  d i r e c t  
in j e c  t i  on 

R R G E - 2  475 57 

RRGE - 2 504 39 

RRGE-5 483 40 

RXGE -2 96 28 

RRGE-1 80 63 

RRGE-2 221 45 

i c . 1  



MONITOR WELL RESPONSE 

. 

The following text describes and anaiyzes ground water responses at 

each of the wells used to monitor the affects o f  Raft River geothermal 

development. Both a 1981 and a iong tern hydrograph containing all 

available data for each of the monitor wells are illustrated i n  Appendix 1 

(Figures A-l--A-24). The results o f  the monitor well responses are 

presented in three seperate sections. Each of the three sections is 

characterized by a distinct hydrograph pattern. Monitor wells MW-5, PW-3, 

MW-3, MW-6, MW-7, USGS-2 and PW-5 represent a gradient in shallow aquifer 

response from those strongly affected by irrigation withdrawal to those 

which primarily only reflect the affects of natural recharge. The second 

population discussed (MW-2 and MW-4) is believed to monitor water level 

trends in the intermediate aquifer near the injection wells. The water 

level response in these wells i s  affected by both injection and 

irrigation. A third population, composed of MW-1, USGS-3 and the 

BLM-Offset, monitors water level trends in the intermediate aquifer near the 

Bridge Fault System. The water level in these wells is unaffected by 

irrigation pumping withdrawals. These population categorizations are 

admittedly qualitative, nevertheless three distinctive patterns are 

present. The correlation of the water level trends will be quantified in 

the summary monitor well report to be published in September 1982. 
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W e l l s  P r i m a r i l y  A f f e c t e d  by I r r i g a t i o n  and Seasona l  Recharge 

M o n i t o r  We1 1-5 IMW-5) 

Wel lhead  E l e v a t i o n - - 1 4 7 5  rn 

B o t t o m - h o l e  E l e v a t i o n - - 1 3 1 4  rn 

S l o t t e d  Casing--1405 in to 1330 m 

Open Boreho le- -1330 rn t o  1314 m 

MW-3, MW-4, MW-5, MW-6 and MW-7 were  a l l  l o c a t e d  t o  m o n i t o r  t h e  

e f f e c t s  o f  i n j e c t i o n  i n t o  RRGI-6 and RRGI-7. O f  a l l  t h e s e  w e l l s ,  MW-5 

e x h i b i t s  t h e  m o s t  d r a m a t i c  r e s p o n s e  t o  seasona l  changes and i r r i g a t i o n  

pumping. I t  i s  a l s o  a p p a r e n t  t h a t  MW-5 c l e a r l y  responds  t o  s e v e r a l  

i n d i v i d u a l  i r r i g a t i o n  w e l l s .  T h i s  i s  e v i d e n t  by t h e  m a g n i t u d e  o f  responses  

seen i n  t h e  1981  h y d r o g r a p h .  From t h e  r e c o v e r y  s l o p e s  seen t h r o u g h o u t  t h e  

summer, i t  appears  p o s s i b l e  t h a t  a t  l e a s t  t h r e e  i r r i g a t i o n  w e l l s  a f f e c t  t h e  

w a t e r  l e v e l  a t  MW-5. The s h a r p  d r o p  i n  t h e  s p r i n g  ana t h e  s h a r p  r i s e  i n  

t h e  f a l l  c o i n c i d e s  w i t h  t h e  b e g i n n i n g  and end  o f  t h e  i r r i g a t i o n  season i n  

t h e  v a l l e y .  The s m a l l  peaks  t h r o u g h o u t  t h e  summer r e f l e c t  t h e  s i g n a t u r e  o f  

v a r i o u s  i r r i g a t i o n  w e l l s  t h a t  had  been t u r n e d  o f f .  

The 1981  h y d r o g r a p h  p a t t e r n  i s  c o n s i s t e n t  w i t h  o b s e r v a t i o n s  o f  

p r e v i o u s  y e a r s .  

T h i s  t r e n d  i s  c o n s i s t e n t  w i t h  t h e  r e g i o n a l  g r o u n d  w a t e r  d e c l i n e s  due t o  

i r r i g a t i o n .  MW-5 shows an i n d i r e c t  response  t o  RRGI-6 i n j e c t i o n .  T h i s  

The n e t  w a t e r  l e v e l  a t  MW-5 c o n t i n u e s  t o  d r o p  each y e a r .  
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response  i s  a s l i g h t ,  sudden dec rease  i n  w a t e r  l e v e l  w h i c h  c o r r e s p o n d s  

c l o s e l y  t o  t h e  b e g i n n i n g  o f  t h e  R R G I - 6  i n j e c t j o n  t e s t s .  A t  c e r m i n a t i o n  o f  

t h e  i n j e c t i o n  t e s t  t h e  c u r v e  r e c o v e r s  t c  i t s  o r i g i n a i  p a t t e r n .  

P i t  W e l l - 3  (PW-3) 

W e l l h e a d  E i e v a t i o n - - 1 4 7 0  m 

B o t t o m - h o l e  E i e v a t i o n - - 1 4 4 2  m 

Open Boreho le - -1453  m t o  1442 m 

PW-3 shows responses  s i m i l a r  t o  MW-3 and MW-5. A l l  t h r e e  o f  t h e s e  

w e l l s  show t h e  s t r o n g  a f f e c t s  o f  i r r i g a t i o n  pumping. MW-5 i s  f a r t h e s t  e a s t  

and c l o s e s t  t o  he m a j o r  i r r i g a t i o n  a c t i v i t y ,  hence i t  shows t h e  mos t  

response  t o  irr g a t i o n  pumping. PW-3 i s  a b o u t  1 . 4  km w e s t  o f  MW-5 and MW-3 

i s  a b o u t  0 . 4  km w e s t  o f  PW-3. 

PW-3 shows a response  i n t e r m e d i a t e  be tween t h e  MW-5 and MW-3. 

t r e n d  o f  seasona l  drawdown a s s o c i a t e d  w i t h  i r r i g a t i o n  i s  n o t e d  by t h e  r a p i d  

drawdown a t  t h e  b e g i n n i n g  o f  i r r i g a t i o n  pumping and t h e  r a p i d  r e c o v e r y  when 

t h e  i r r i g a t i o n  pumps a r e  t u r n e d  o f f  i n  t h e  autumn. 

t h r o u g h o u t  t h e  summer a r e  a t t r i b u t e d  t o  b r i e f  i n t e r u p t i o n s  i n  n e a r b y  

i r r i g a t i o n  pumping. 

MW-3 shows t h e  l e a s t  response  t o  pumping and 

The g e n e r a l  

The s m a l l  peaks  n o t e d  

The l o n g - t e r m  p a t t e r n  f o l l o w s  t h e  same g e n e r a l  t r e n d s  as  seen i n  

1981. A s  w i t h  MW-3 t h e r e  i s  no n o t i c a b l e  response  t o  i n j e c t i o n .  MW-5, t h e  

o t h e r  w e l l  s i m i l a r  t o  PW-3 and MW-3 i s  much c l o s e r  t o  t h e  R R G I - 6  i n j e c t i o n  

s i t e  and does e x h i b i t  an i n d i r e c t  i n j e c t i o n  response .  
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M o n i t o r  We1 1-3 (MW-3) 

i v e l l  head E l e v a t i o n - - 1 4 7 2  rn 

Eo t tom-ho le  E l e v a t i o n - - 1 3 1 9  rn 

S l o t t e d  Casing--1332 rn t o  1219 rn 

The w a t e r  l e v e l  f l u c t u a t i o n s  i n  MW-3 f o l l o w s  t h e  t y p i c a l  seasofla1 

t r e n d .  A s  i n  p r i o r  y e a r s ,  t h e  1981 g r o u n d  w a t e r  l e v e l  r i s e s  and d e c l i n e s  

i n  a v e r y  u n i f o r m  manner.  

w a t e r  t r e n d s  i s  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  i r r i g a t i o n  season. 

The o n s e t  o f  t h e  downward and upward  g r o u n d  

D e v i a t i o n s  i n  t h e  s t e a d y  g r o u n d  w a t e r  l e v e l  d e c l i n e  a r e  n o t e d  d u r i n g  

t h e  summer o f  each  o f  t h e  t h r e e  y e a r s  f o r  w h i c h  d a t a  a r e  a v a i l a b l e .  T h i s  

p a t t e r n  i s  t y p i c a l  o f  a q u i f e r s  t h a t  a r e  used f o r  i r r i g a t i o n .  Temporary  

l e v e l  o r  s h o r t  upsw ing  p e r i o d s  a r e  p r o b a b l y  a s s o c a t e d  w i t h  a change i n  

i r r i g a t i o n  pumping .  t h i s  w o u l d  o c c u r ,  f o r  example,  d u r i n g  t h e  f i r s t  and 

second a l f a l f a  c u t t i n g s  when i r r i g a t i o n  i s  t e m p o r a r i l y  h a l t e d .  S i n c e  t h e  

t e m p o r a r y  d e v i a t i o n s  f r o m  t h e  downward summer p a t t e r n  o c c u r  i n  June  ( f i r s t  

c u t t i n g )  and A u g u s t  ( s e c o n d  c u t t i n g )  t h e s e  d a t a  seem t o  c o n f i r m  an 

i r r i g a t i o n  t i e  t o  a l f a l f a  p r o d u c t i o n .  Wate r  l e v e l  f l u c t u a t i o n s  i n  MW-3 do  

n o t  show any  i n d i c a t i o n  o f  c o n n e c t i o n  w i t h  t h e  i n j e c t i o n  zone.  

- 
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Monitor Well-6 (MW-6) 

-. 

c 

-. Wellhead ti$vation--i463 ;n 

Eottom-hole Elevation--li64 m 

Open SorehoIe--1195 m to i154  rn 

The 1981 ground water level at MW-6 illustr t2s an  overriding season 

pattern typical for the region. Also MW-6 is most responsive to the 

indirect effects of injection at RRGI-6. The water ievel increases from 

the beginning of the year until the onset of the irrigation system at the 

1 

beginning of May. A steady decline occurs throughout the irrigation season 

followed by recovery beginning in October. The two noticable declines that 

occur in late October and early November are due to slight aquifer 

deformation caused by injection at R R G I - 6 .  Similar declines i n  February 

and September also occur, but the magnitude of the drop is far less due to 

shorter duration tests or lower rates of injection. 

MW-6 is the same depth as MW-4 and is located closer to RRGI-6. 

However, this monitor well does not respond in a similar manner to 

injection into RRGI-6 as does MW-4. This i s  a clear example suggesting 

that fractures are an important mechanism controlling aquifer 

communication. Both MW-4 and MW-6 are hydraulically connected to the 

irrigation system. However, MW-4 also responds directly and strongly to 

injection, while MW-6 shows only a small indirect affect that implies 

aquifer deformation. The magnitude of water level fluctuation i s  similar 

for each o f  the years during which the well was monitored. The data a l s o  
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i n d i c a t e  an o v e r a l l  d e c l i n i n g  t r e n d .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  o v e r a l l  

v a l l e y  t r e n d  and i s  e x p e c t e d  s i n c e  i t  i s  a p p a r e n t  t h a t  t h i s  w e l l  i s  so  

c l o s e l y  con r i cc ted  w i t h  t h e  i r r i g a t i o n  a q u i f e r s .  

' M o n i t o r  W211-7 (MW-7) 

W s l l h e a d  E i e v a t i o n - - 1 4 7 4  rn 

B o t t o m - h o l e  E l e v a t i o n - - 1 3 2 2  m 

S l o t t e d  Casing--1334 m t o  1322 m 

The 1981  w a t e r  l e v e l  f l u c t u a t i o n  a t  MW-7 f o l l o w s  a seasona l  t r e n d .  

M i n o r  i n c r e a s e s  i n  t h e  w a t e r  l e v e l  d u r i n g  t h e  summer downward t r e n d  a r e  due 

t o  i r r i g a t i o n  pumps b e i n g  t e m p o r a r i l y  shu tdown.  These smal 1 i n c r e a s e s  

c o r r e s p o n d  t o  responses  seen a t  MW-5 and  t o  a l e s s e r  e x t e n t  a t  P i t  W e l i - 3 .  

The s m a l l e r  m a g n i t u d e  o f  r i s e s  a t  MW-7, compared t o  MW-5, i n d i c a t e  t h a t  

MW-7 i s  f u r t h e r  removed t h a n  MW-5 f r o m  t h e  i r r i g a t i o n  pumping. The d e c l i n e  

n o t e d  i n  t h e  g e n e r a l  upward t r e n d  d u r i n g  l a t e  O c t o b e r  and e a r l y  November 

a r e  a s s o c i a t e d  w i t h  a q u i f e r  d e f o r m a t i o n  a s  n o t e d  e a r l i e r .  

The l o n g  t e r m  t r e n d  c o n f i r m s  t h e  o b s e r v a t i o n s  n o t e d  i n  1981. A " s t e p  

f u n c t i o n "  d e c l i n e  i s  n o t e d  d u r i n g  i n j e c t i o n  t e s t s  t o  RRGI-6. MW-7 a l s o  

shows response  t o  i r r i g a t i o n  a c t i v i t i e s .  T h i s  response  c o r r e s p o n d s  t o  t h e  

p a t t e r n  a t  MW-5 b u t  i s  o f  s m a l l e r  magn i tude .  
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U S G S - 2  

. 

Wellhead Elevaticn--1473 m 

Bottom-hol e El evati on--1232 m 

Open Borehole--1409 m to 1232 m 

The 1981 data from USGS-2 are only partially available, hclwever th2 

trend seems to follow the long-term pattern established for the well. 

Since data were first collected in 1976, there has been a steady declining 

trend resulting i n  a total drop of 1 .5  meters. The pattern of the well 

reflects the effects of seasonal irrigation pumping and natural recharge. 

The pattern is consistent with other wells monitoring the shallow aquifer 

such as MW-3, MW-5, MW-6, MW-7, and PW-3. Evidence of deformation 

associated with injection into RRGI-6 is seen as a slight decrease i n  the 

ground water level. 

Pit Well-5 (PW-5) 

Wellhead Elevation--1490 m 

Bottom-hole Elevation--1464 m 

Slotted Casing--1473 m to 1464 m 

The smooth seasonal water level trend observed in this well is 

atypical of any other monitor well in the network. The pattern suggests 

that the aquifer sampled by this well is not detectably affected by either 

irrigation or by geothermal injection or pumping. Rather, the pattern 
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reflects what should be expected i n  a natural, undisturbed ground water 

system. A steady rise in the water level begins i n  mid-November and 

continues uritil Rid-June. i n i s  ris2 c o i c c i d e s  w i t h  the period o f  natural 

recharge for the region. A s  the recharge effects of snowmelt and 

crecipitation cease, t h 2  ground water 'eve1 begins to decline. This 

decline is sustained through the typically low precipitation months of 

summer and early autumn. This 3ecline ends when atitumn precipitation 

increases. 

-. 

level, rather 

communicate w 

the result of 

constant indicating that the 

than declining 

th the irrigat 

lower regional 

This pattern observed in 1981 is consistent with earlier records from 

this well. The water level lows of 1979, 1980 and 1981 remain fairly 

water table i s  perhaps remaining at the same 

as is the case with most monitor wells that 

on aquifers. The lower 1981 peak is probably 

recharge from precipitation and snowmelt. 

Vells Primarily Affected by Injection, Irrigation and Seasonal Recharge 

Monitor Well-2 (MW-21 

We1 1 head Elevation--1474 m 

Bottom-hole ilevation--1300 m 

Slotted Casing--1320 m to 1308 m 

Open Borehole--1308 m to i390 m 

'. 

i 
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MW-2 was d r i l l e d  near  t h e  Crook geothermal well t o  monitor  t h e  e f f e c t s  

of pumping and i n j e c t i o n  on t h e  Crook well and shal low i r r i g a t i o n  and 

domest ic  w e l l s .  The Crook weli was prev ious ly  used ts s c p p i y  geothermal 

water  (average  tempera ture  9 6 O C )  f o r  greenhouse h e a t i n g .  Greenhouse 

ope ra t ion  ceased i n  NovemSer, 1980. The well h z s  been allowed to f l o w  

a r t e s i a n  s i n c e .  MW-2 appears  t o  have a d i r e c t  ccnr;ection with t h e  Crook 

well a q u i f e r .  This  communication i s  so s t rong  t h a t  MW-2 responds e x a c t l y  

t o  any v a r i a t i o n s  i n  t h e  Crook well o p e r a t i o n .  This  i s  i n  c o n t r a s t  t o  MW-1 

which responds more weakly t o  Crook well o p e r a t i o n .  Such d e v i a t i o n s  in  

response between MW-1 and MW-2 a r e  expected s i n c e  t h e  174 m deep MW-2 i s  

200 m from t h e  126 m deep Crook w e l l ,  whi le  MW-1  i s  399 m deep and i s  about  

800 m from t h e  Crook w e l l .  

Unlike MW-1, MW-2 shows some response t o  seascna l  ground water  

drawdown. A s l i g h t  downward p res su re  t r e n d  i s  apparent  from e a r l y  May 

t h r o u g h  September,  followed by a gradual recovery in t h e  autumn. Th i s  

seasonal  p a t t e r n  i s  c h a r a c t e r i s t i c  of most of t h e  monitor well t r e n d s  and 

i s  a s s o c i a t e d  wi th  na tu ra l  seasonal  recharge  and with pumping o f  water  f o r  

i r r i g a t i o n  throughout  the  v a l l e y .  

well  dur ing  1981 r e s u l t e d  i n  immediate and very r ap id  wel lhead p res su re  

drops  a t  MW-2. When the pump t e s t s  were t e rmina ted ,  t h e  recovery was 

l i kewise  very r a p i d .  ,The two rises i n  water  l eve l  in  A u g u s t  a r e  due t o  

d e c l i n e s  i n  i r r i g a t i o n  p u m p i n g .  

wi th  t h e  po ten t iome t r i c  heads a t  MW-5 (MW-5 i s  t h e  most respons ive  of t h e  

m o n i t o r  w e l l s  t o  i r r i g a t i o n  pumping). 

The two b r i e f  pump t e s t s  of t h e  Crook 

T h i s  i s  supported by comparing t h i s  per iod  
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The long-term wellhead p res su re  t r end  a t  MW-2 i s  a lmost  completely 

d i c t a t e d  by t h e  Crook well o p e r a t i o n .  

Greenhouse > e a t i n g  i s  d u r i n s  The c o o l e r  s?as3ns .  Consequently.  t h e  Ceriod 

from October 1979 t h r o u g h  March 1980 w a s  t h e  per iod  o f  g r e a t e s t  Crook well 

pumcicg and t h e  1cw:IPst wellhead p res su res  a t  M W - 2 .  Each sharp d e c i i c e  in  

wellhead p res su re  a t  MW-2 c;n be c o r r e l a t e d  t o  i nc reased  p u m p i n g  a c t i v i t y  

a t  t h e  Crook w e l l .  

The t i n e  of g r e a t e s t  need for  

Monitor Well-4 (MW-4) 

We1 1 head E l  evation--1468 m 

Bottom-hole Elevation--1163 m 

S l o t t e d  Casing--1243 m t o  1214 rn 

Open Borehole--1214 m t o  1163 m 

In g e n e r a l ,  the  1981 hydrograph f o r  MW-4 fo l lows  the  t y p i c a l  seasonal  

p a t t e r n  of drawdown dur ing  the  summer followed by recovery a t  t h e  end of 

t h e  i r r i g a t i o n  season.  Data a r e  n o t  a v a i l a b l e  from Apri l  because t h e  

d i g i q u a r t z  p re s su re  t r ansduce r  i n s t a l l e d  a t  t h e  well mal func t ioned ,  

Except ions t o  normal seasonal  v a r i a t i o n  a r e  d i r e c t l y  c o r r e l a t e d  t o  

i n j e c t i o n  t e s t s  a t  RRGI-6. D u r i n g  each RRGI-6 t e s t ,  an i n c r e a s e  in water  

level i s  recorded .  The magnitude o f  the  i n c r e a s e  i s  r e l a t e d  t o  t h e  

i n j e c t i o n  r a t e  and d u r a t i o n  of t h e  t e s t .  In February t h e  water  l eve l  r i s e  

was smal l .  

r a t e s  of only 16 l / s e c  t o  3C l / s e c .  The August water  l eve l  i n c r e a s e  i s  

a l s o  small because while  t h e  i n j e c t i o n  r a t e  was h igher  (53  l / s e c  t o  

This  was probably because t h i s  55 h o u r  t e s t  was i n j e c t i n g  a t  
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73 l / s e c )  t h e  d u r a t i o n  o f  t h e  t e s t  was o n l y  7 h o u r s .  The RRGI-6 i n j e c t i o n  

t e s t s  i n  l a t e  O c t o b e r  and e a r l y  November were b o t h  o f  l o n g e r  d u r a t i o n  

( 5 G  h o u r s  and 75  nours )  and had a h i g h  i n j e c t i o n  r a t e  a v e r a g i n g  a b o u t  

63 l / s e c .  E o t h  t h e s e  t e s t s  r e s u l t e d  i n  a r a p i d  r i s e  i n  t h e  m o n i t o r  w e l l  

w a t e r  1 eve1 . 

The w a t e r  l e v e l  r i s e s  a s s o c i a t e d  w i t h  RRGI-6 i n j e c t i o n  t e s t s  i n  1981 

a r e  c o n s i s t e n t  w i t h  responses  obse rved  i n  p r e v i o u s  y e a r s .  T h i s  i n d i c a t e s  

t h a t  r e l a t i v e l y  d i r e c t  a q u i f e r  commun ica t i on  e x i s t s  between RRGI-6 and 

MW-4. Seasona l  t r e n d s  a r e  n o t  e v i d e n t  d u r i n g  1979 and 1980. I n  f a c t ,  

t h e r e  appears  t o  be a n e t  g round  w a t e r  l e v e l  i n c r e a s e  o v e r  t h i s  p e r i o d .  

T h i s  response  and t h a t  o f  MW-2 i s  i n  c o n t r a s t  t o  most  o f  t h e  o t h e r  m o n i t o r  

w e l l s  w h i c h  show a s t e a d y  d e c l i n i n g  t r e n d .  T h i s  can be e x p l a i n e d  i n  t h a t  

t h e  RRGI-6 i n j e c t i o n  o p e r a t i o n s  d u r i n g  b o t h  1979 and 1980 o c c u r r e d  d u r i n g  

t h e  season when w a t e r  l e v e l  drawdown due t o  i r r i g a t i o n  b e g i n s .  The e f f e c t s  

o f  t h e s e  l o n g  t e r m ,  h i g h  volume i n j e c t i o n  t e s t s  appear  t o  c o u n t e r  t h e  

i m p a c t s  o f  seasona l  drawdown by i n c r e a s i n g  t h e  p o t e n t i o m e t r i c  s u r f a c e .  

A f t e r  t h e s e  t e s t s  t h e r e  was a r a p i d  drawdown u n t i l  t h e  i r r i g a t i o n  pumps 

were  t u r n e d  o f f  a t  t h e  end o f  September.  

r e c h a r g e  began. 

t h e  s p r i n g  o f  1981 i s  a t t r i b u t a b l e  t o  a seasona l  w a t e r  l e v e l  d e c l i n e  t h a t  

i s  l e s s  t h a n  t h e  i n c r e a s e  due t o  t h e  i n j e c t i o n .  Thus f a l l  r e c h a r g e  began 

a t  a h i g h e r  g round  w a t e r  l e v e l  t h a n  i n  t h e  p r e v i o u s  y e a r .  T h i s  r e s u l t s  i n  

A t  t h i s  p o i n t  t h e  normal  autumn 

The s t e a d y  g e n e r a l  r i s e  t h a t  i s  a p p a r e n t  f r o m  1979 t h r o u g h  

a g e n e r a l  upward t r e n d .  Very  l i t t l e  i n j e c t i o n  a t  RRGI-6 o c c u r s  i n  1981, 

c o n s e q u e n t l y  

appears  t h a t  



i n c r e a s e  i n  t h e  i n t e r m e d i a t e  a q u i f e r ,  r e s u l t i n g  i n  a s i g n i f i c a n t  i n c r e a s e  

i n  t h e  w a t e r  l e v e l  o f  MW-4. 

a p o t e n t i a l l y  d e g r a d i n g  f a c t o r  t o  s h a i i w  w a t e r  q u a i i t y  i s  d i f f i c u l t  t o  

q u a n t i f y .  

t h a t  p o o r  q u a l i t y  f l u i d s  i n  t h e  i n j e c t i o n  zone w o u l d  move up i n t o  t h e  

s h a l l o w e r  a q u i f e r s .  I t  i s  i m p o r t a n t  t o  n o t e ,  however,  t h a t  t h e  u n d i s t u r b e d  

w a t e r - b e a r i n g  zcnes  i n t e ' r c e p t e d  b y  MW-4 i n i t i a l l y  c o n t a i n e d  w a t e r  o f  p o o r  

q u a l i t y ,  p resumab ly  because n a t u r a l  commun ica t i on  w i t h  t h e  i n j e c t i o n  zone 

has e x i s t e d  h i s t o r i c a l  l y .  

The s i g n i f i c a n c e  o f  t h i s  p r o j e c t e d  response  as  

I f  l o n g - t e r m  i n j e c t i o n  t o  RRGI-6 o c c u r s ,  i t  w o u l d  be e x p e c t e d  

I n t e r m e d i a t e  A q u i f e r  W e l l s  U n a f f e c t e d  by I r r i g a t i o n  and Seasona l  Trends, 

M o n i t o r  W e l l - 1  (MW-1) 

W e l l h e a d  E l e v a t i o n - - 1 4 7 5  m 

B o t t o m - h o l e  E l e v a t i o n - - 1 0 7 6  m 

Open Boreho le- -1106 m t o  1076 m 

MW-1 was d r i l l e d  n e a r  RRGI-4 f o r  t h e  pu rpose  o f  m o n i t o r i n g  t h e  i m p a c t s  

o f  i n j e c t i o n  t e s t s  on 1 o c a l . i r r i g a t i o n  and d o m e s t i c  w e l l s .  Compar isons  o f  

w e l l  l o c a t i o n s  and w e l l  l o g s  w i t h  known f a u l t  sys tems i n d i c a t e  t h a t  USGS-3 

and RRGI-4 p r o b a b l y  p e n e t r a t e  t h e  same f r a c t u r e  system, w h i l e  MW-1 

p e n e t r a t e s  u n f r a c t u r e d  r o c k  a d j a c e n t  t o  t h e  f r a c t u r e  sys tem ( N i e m i  and 

N e l s o n  1978). The c h e m i c a l  c h a r a c t e r i s t i c s  o f  MW-1 i n d i c a t e  d i r e c t  

h y d r a u l i c  c o n n e c t i o n  w i t h  t h e  geo the rma l  system. T h i s  c o n n e c t i o n  i s  

0 

i n d i c a t e d  b y  w a t e r  c h e m i s t r y  ( F i g u r e  4; Tab;e 5)  and a w e l l h e a d  d i s c h a r g e  



.- 

. 

temperature of 8OoC. 

with a calendar year h i g h  of 316 k P a  (absolute) occurring on 5 April and low 

of 209 kPa (absolute) occurring on 1 2  October. 

wellhead pressure in M W - 1  observed in 1981 are a t t r ibutable  t o  atmospheric 

pressure changes. 

I n  1981, the wellhead pressure remained f a i r l y  constant 

The minor f luctuations of 

The wellhead pressure a t  M W - 1  has remained f a i r l y  constant since pumping 

of the Crook Well and RRGP-4 has ceased. Throughout  the a u t u m n  and winter of 

1979 and the spring of 1980, wellhead pressure remained f a i r l y  constant, 

averaging abou t  308 k P a .  I n  June of 1980 a d r o p  in wellhead pressure of 

17  k P a  began. 

pond with water t o  be used for i r r igat ion studies.  

ceased, the wellhead pressure 

of about 309 kPa .  S h o r t l y  a f te r  t h i s ,  pumping of the Crook well ceased. This 

prompted the average wellhead pressure t o  increase t o  a b o u t  312 k P a .  

e r r a t i c  wellhead pressure pattern in the spring of 1979 i s  due t o  flow t e s t s  

conducted a t  M W - 1 .  The limited d a t a  from 1978 show recovery a t  M W - 1  a f t e r  a 

flow t e s t  of t h a t  well. This was followed by a very rapid increase in well- 

head pressure of 34 k P a  associated with the injection t e s t  a t  RRGI-4. 

recovery d a t a  indicate a rapid decline of t h i s  pressure increase following 

termination of the injection t e s t .  

This d rop  corre ates with pumping  a t  RRGP-4 t o  f i l l  the reserve 

After RRGP-4 pumping 

ncreased by l a t e  October t o  i t s  previous average 

The 

Partial  

, 

.L . 
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USGS-3 

We1 1 head Elevaticn--1486 in 

Bottom-hole Elevation--1052 m 

Open 3orehole--1426mto 1052 m 

Monitor well baseline data from USGS-3 are available since 1976. The 

ground water level changes are irregular and do not follow a seasonal 

pattern. In 1981, the ground water level remained fairly constant. 

The long term data indicate that the aquifer monitored by U S G S - 3  has a 

good hydraulic connection to the geothermal system and i s  strongly related 

to activity at RRGP-4.  The distinctive wellhead pressure rises, 

particularly the increase beginning 28 May, 1978, are tied to injection 

tests into R R G I - 4  well. Sharp decreases in the water level may be 

associated with artesian flows of RRGP-4,  although accurate records of when 

the well was allowed to flow are not available. 

indicate the probability o f  direct communication with the geothermal 

reservoir affected by RRGP-4.  The monitor well zone seems to be isolated 

from the aquifers used for irrigation. 

Wellhead pressure data 

BLM-Off set We1 1 

We1 1 head Elevation--1500 rn 

Bottom-hole Elevation--1402 m 

Casing--? 
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The p o t e n t i o m e t r i c  head t r e n d  o f  t h e  BLM-Of fse t  w e l l  i s  t y p i c a l  o f  an 

a q u i f e r  t h a t  i s  e s s e n t i a l l y  h y d r o l o g i c a l l y  i s o l a t e d  f r o m  t h e  s h a l l o w  

a q u i f e r s  used f o r  i r r i g a t i o n .  The 1981 hydr r i p rach  e x h i b i t s  v e r y  1 i ttl e 

f l u c t u a t i o n  i n  t h e  p o t e n t i o m e t r i c  head. The o n l y  response  t o  8 a f t  R i v e r  

G e o t h e r m l  p r o d u c t i o n  and t e s t i n g  o c c 3 r s  c i u r i n s  l a t e  O c t o b e r  and e a r l y  

November. D u r i n g  t h i s  p e r i o d  t h e  p o t e n t i o m e t r i c  head i n c r e a s e d .  T h i s  

i n c r e a s e  i s  more l i k e l y  a response  t o  p r o d u c t i o n .  r a t h e r  t h a n  i n j e c t i o n , d u e  

t o  t h e  p r o x j m i t y  o f  t h e  p r o d u c t i o n  w e l l s  compared t o  i n j e c t i o n  w e l l s .  T h i s  

i n c r e a s e  c o u l d  be  caused b y  a p o t e n t i o m e t r i c  head d e c l i n e  due t o  pumping 

and i n d u c e d  a q u i f e r  c o m p a c t i o n  o f  t h e  o v e r l y i n g  i n t e r m e d i a t e  a q u i f e r .  A 

s i m i l a r  phenomenon was n o t e d  i n  some o f  t h e  m o n i t o r  w e l l s  n e a r  t h e  

i n j e c t i o n  w e l l s .  

The l a c k  o f  drawdown i n  t h e  BLM-Of fse t  w e l l  d u r i n g  pumping sugges ts  

t h a t  t h e  p r o d u c t i o n  w e l l s  have a p o o r ,  i f  any ,  h y d r a u l i c  c o n n e c t i o n  w i t h  

t h e  sys tem m o n i t o r e d  by t h e  BLM-Of fse t  w e l l .  The l o n g - t e r m  t r e n d s  f r o m  

1978 t o  1981  e x h i b i t  l i t t l e  change e x c e p t  d u r i n g  t h e  1978 i n j e c t i o n  t e s t  

i n t o  RRGI-4 and t h e  d r o p  i n  1980 p o s s i b l y  due t o  f l o w i n g  RRGP-4. 
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DISCUSSION 

The nydroiogic system of the “naft Rjver Valley shallow ground water 

zone ( 0 - 3 0 0  m depth) consists o f  several localized, interconnected 

aquifers. A n  intermed’ate aquifer exists throughout the geothermal area 

between depths of 300 m to 6 G O  m. The hydraulic communication between 

these aquifers and the geothermal prodilction and irijection aquifers are 
i 

complex. T h i s  communication appears to be affected by both horizontal and 

verticai fracture systems. 

Several basic aquifer systems have been confirmed by water chemistry 

data. Differences i n  monitor well water quality are associated with the 

depth and location of the well. None of the monitor wells currently show 

changes in water chemistry associated with the affects of geothermal 

injection. Fluid movement is much slower than pressure movement, therefore 

many years of pressure change would be expected to precede a detectable 

change in water quality. To date, only MW-2 and MW-4 show a direct 

pressure response associated with injection. While no decrease in water 

quality has yet been identified at this well, poor quality fluids can be 

expected to move u p  into the shallower aquifers from the injection zone. 

It i s  important to note, however, that the undisturbed water-bearing zones 

intercepted by MW-4 initially contained poor quality water, presumably 

because natural communication with the intermediate aquifer injection zone 

receiving fluid from R R G i - 6  has existed historically (Spencer and Callen 

1980). 

i 
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There a r e  d i f f e r e n t  types  of ground watpr leve l  f l u c t u a t i o n s  in  

response t o  i n j e c t i o n .  One type of response i s  r e f l e c t e d  a s  a measurable 

d e c i i n e  i p  %$tater l e v s l  t h a t  c l o s e l y  cor respsnds  t o  t h e  %sinning  and end o f  

i n j e c t i o n  i n t o  RRGI-6. [ h i s  r?sponse i s  ev iden t  a t  MW-5, MW-6 and MW-7 and 

t h e  BLM-Offset w e l l .  

r e l a t e d  t o  t h e  barometr ic  e f f i c i e n c y  in  each b e l l .  l n i s  response i s  

probably due t o  e l a s x i c  deformation o f  t h e  a q u i f e r  m t r i x .  The f a c t  t h a t  

t h e  deformation remains c o n s t i n t  dur ing  i n j e c t i o n  impl ies  t h a t  d i s t o r t i o n  

does not i n c r e a s e  w i t h  t h e  du ra t ion  of t h e  i n j e c t i o n  t e s t ,  and may be 

p r i m a r i l y  dependent on  t h e  amount of i n j e c t i o n  p res su re  bu i ldup .  The 

magnitude of t h e  p re s su re  d i s t o r t i o n  i s  n o t  g r e a t  and t h e r e f o r e  does not 

r e p r e s e n t  a s e r i o u s  environmental  concern.  I f  i n j e c t i o n  cont inued  a t  a 

c o n s t a n t  r a t e  over  a long per iod  of t ime ,  t h e  cone of deformation would be 

expected t o  decay and water  l e v e l s  would r e t u r n  t o  p r e - t e s t  t r e n d s .  

- 

Tne r e l a r i v e  ampli tude o f  t h e  response Cppears t o  be 
-, 

The o t h e r  type  of  response t o  i n j e c t i o n  i s  r ep resen ted  by water  lev-el 

r i s e  dur ing  t h e  i n j e c t i o n  pumping. This  type  of response was observed only 

a t  MW-2 and MW-4. The i n j e c t i o n  p res su re  bui ldup i n  t h e  in t e rmed ia t e  

a q u i f e r  a p p a r e n t l y  ex tends  away from RRGI-6. 

changes i s  probably a f f e c t e d  by f r a c t u r e  systems wi th in  the a q u i f e r .  

The e x t e n t  of t h e  p r e s s u r e  

A comprehensive,  d e t a i l e d  a n a l y s i s  o f  the  monitor well  network w i l l  be 

completed in  September 1982. That r e p o r t  w i l l  be publ i shed  a s  Volume 2 of 

t h e  Raft  River Environmental Summary. 
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APPENDIX I 

The following tables exhibit all the available data for each of the 
wells used in the Raft River monitor well network. A 1981 and a long-term 
hydrograph is illustrated for each monitor well. 
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