
. 

i :  

c 

Completion Report DOE/ ID/O1638- 1 
Modification No. A004 

Contract No. DE-A507-76ID01638 

Submitted t o  
, 

U. S. Department o f  Energy 
Idaho Operations Of f ice  
-- --____- ____ __ - 

DOE/ID/01638--1 

DE82 014286 

HYDROCHEMISTRY OF SELECTED PARAMETERS AT THE 

David L. Graham 

Dale R. Ralston 

David W. Allman 

College of Mines and- Earth Resources 
University o f  Idaho 

Moscow , Idaho 

January, 1981 

MASER 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



Completion Report DOE/ID/01638-1 
Modification No. A004 

Co n t r act No. DE-A507 - 76 I DO 1 63 8 

Submitted t o  

U. S .  Department of Energy 
Idaho Operations Office 

HYDROCHEMISTRY OF SELECTED PARAMETERS AT THE 

RAFT RIVER KGRA, CASSIA COUNTY, IDAHO 

by 

David L.  Graham 

Dale R .  Ralston 

David W. Allman 

College o f  Mines and Earth Resources 
University o f  Idaho 

Moscow, Idaho 

January, 1981 



i 

ABSTRACT 

Low to moderate temperature ( <150°C) geot hemal f 1 ui d s  are bei ng 

developed by EG & G Idaho, Inc. and the U. S .  Department o f  Energy in the 

southern Raft River Valley of Idaho. 

i n  depth from 4911 feet  t o  6543 feet  (1490 to  1980 meters) and two 

intermediate d e p t h  (3858 feet  or 1170 meters) injection wells have been 

dr i l led w i t h i n  the Raft River KGRA. Several shallower (1423-500 feet  

o r  430-150 meters) wells have also been constructed to  monitor the 

environmental effects of geothermal developnent on the shallower aquifer 

Five deep geothermal wells ranging 

systems. 

Sampling of water from wells within the KGRA has been conducted 

since the onset of the project i n  1974. 

have conducted analyses on waters from the KGRA. 

calculations conducted on the data produced from these laboratories 

indicated that data from three laboratories were reliable w h i l e  two 

were not. 

regression analyses on sets  of paired data from various laboratories. 

Five analytical laboratories 

Charge-balance error 

A method o f  equating a l l  data was established by u s i n g  l inear 

The chemical data collected from the deep goethermal wells indi- 

cates that  a two reservoir system exists w i t h i n  the Raft River KGRA. 

Each reservoir i s  associated w i t h  a major structural  feature. These 

features are known as the Bridge Fault System (BFS) and the Narrows 

Structure (NS). The BFS i s  a ser ies  o f  normal faults.  These trend in a 

northeasterly direction and d i p  steeply towards the valley floor. 

NS is  a r i g h t  la teral  s t r ike-s l ip  fau l t  trending roughly east-west. 

The 



i i  

The majority of the geothermal act ivi ty  occurs near the intersection of 

these two features. 

The fluids associated w i t h  the BFS have much lower concentrations 

of  dissolved constituents than the fluids from the NS. 

have a t o t a l  dissolved soilds (TDS) level o f  about 1300 mg/l (milligrams 

per l i t e r )  while the fluids from the NS exhibit a TDS of  about 4300 mg/l. 

The f l u i d s  from both systems are alkali chloride type geothermal waters 

w i t h  the major cation being Na' and the major anion being C1-. 

reservoir analyses, the BFS appears t o  be able t o  transmit f l u i d  more 

rapidly than the NS. 

fluids i n  the NS thus resulting i n  a more concentrated f luid.  

The BFS fluids 

Based on 

This f ac i l i t a t e s  a longer residence time for the 

Geothermal fluids move vertically up  fractures from depth and 

then mix la teral ly  w i t h  water from shallower aquifers. 

geothermal fluids i s  best exhibited i n  well USGS-1. 

of geothermal f l u i d  has resulted along the major fractures. 

does not  appear t o  extend t o  the south o r  east more than a mile from the 

central geothermal area. The most pronounced movement i s  along the BFS. 

This i s  believed t o  be due t o  the fact  that  t h i s  fracture system i s  more 

transmissive than the NS. 

The mix of 

A shallow plume 

This plume 
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INTRODUCTION 

Statement of the Problem 

The southern Raft River Valley has long been recognized as a 

Stearns and others (1938) men- potential geothermal area (Figure 1 ) .  

tioned the geothermal resources of the area while conducting a study 

of the geology and ground water resources of the Snake River Plain. 

Extensi ve geologi c , hydrologi c ,  geochemical , and geophysi cal s tudi es 

have been conducted in the Raft River Valley by EROA (Energy Research 

and Development Administration), U. S. Geological Survey, and Aeroject 

Nuclear (EG & G Idaho, Inc.) s tar t ing in the early 1970's. To date, 

f ive deep geothermal production wells and two intermediate depth injec- 

tions wells have been dr i l led in the Raft River KGRA (Known Geothermal 

Resource Area). 

I t  i s  the intent of this study to  examine the hydrogeologic regime 

a t  the Raft River KGRA using existing hydrochemical data collected from 

geothermal, monitor, and irrigation wells. This project was funded i n  

part by a research contract w i t h  EG & G Idaho, Inc. 

Purpose and Objectives 

The purpose o f  this  study i s  t o  gain additional knowledge on the 

subsurface hydrochemical and hydrogeologi cal environment a t  the Raft 

River KGRA. T h i s  addi ti onal knowledge w i  11 compl iment other research 

ac t iv i t ies  t o  f ac i l i t a t e  maximum util ization o f  the geothermal resource. 
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Figure 1. Locat ion  o f  the Raf t  River Geothermal Study Area. 
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The general ob jec t ive  of the study is  t o  u t i l i z e  se lec ted  hydro- 

chemical da t a  t o  further evaluate  the hydrogeologic cont ro ls  f o r  and the 

exten t  of geothermal resource(s)  i n  the Raft River KGRA. 

objec t ive  will be accomplished by achieving the following fou r  s p e c i f i c  

ob jec t ives  : 

T h i s  general 

1. review ava i l ab le  information on the hydrogeology and 

development o f  geothermal resources i n  the study a rea ,  

compile and analyze a v a i l a b l e  hydrochemical da t a  and 

develop a re1 i ab le  da t a  base, 

2. 

3. describe the hydrochemistry o f  geothermal resources i n  

the study area ,  and 

evaluate  the hydrogeologic cont ro ls  and extent of 

geothermal systems u t i  l i t i n g  hydrochemical data.  

4. 

Method o f  Study 

Exis t ing  da ta  r e l a t ed  t o  the hydrogeology and hydrochemistry of 

geothermal resources i n  t h e  s tudy area  were assembled. T h i s  was accomp- 

lished during two sunmers of work (1978-1979). 

a l l  hydrochemical data  were organized and a computer da t a  base was 

es tab l i shed .  Charge-balance e r r o r  ca l cu la t ions  were conducted on a l l  

complete analyses. Those analyses having percent e r r o r s  g rea t e r  t h a n  

five percent were eliminated. 

During the second sumner, 

Linear regressions were fi t ted t o  selected determinations from 

1 aborator i  es generat i  ng re1 i ab le  da t a  versus 1 aborator i  es  produci ng 

un re l i ab le  analyses.  The r e s u l t i n g  equations were used t o  generate  a 

. 
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corrected value for  the questionable data. 

base was generated so tha t  more data could be u t i l i z e d  f o r  future 

studies . 

In t h i s  manner a new data 

The data from r e l i a b l e  laborator ies were then used t o  describe 

the hydrochemistry o f  ground water a t  the Raft River KGRA. 

diagrams and Schoeller semi- logr i thn ic  p lo t s  were used t o  graphica l ly  

d isp lay the  data. 

data t o  t e s t  the hypothesis t h a t  two d i s t i n c t  geothermal reservo i rs  e x i s t  

w i t h i n  the  Raf t  River KGRA. 

S t i f f  

A s t a t i s t i c a l  t e s t  was performed on the  hydrochemical 

Prev i ous I nves t i ga ti ons 

Many reports have been w r i t t e n  on the geology and water resources 

o f  the Raf t  River Basin. 

p le ted by Anderson (1931), Stearns and others (1938), and Walker and 

others (1970). 

Raft River KGRA. 

These are best exemplif ied by the work com- 

However, most o f  t h i s  work i s  not d i r e c t l y  re la ted  t o  the  

Williams and others (1976) published a repor t  on the geology and 

geophysics o f  the Raft River KGRA. 

1978, 1979b, 1979c, 19794) produced a series o f  open- f i le  reports cor- 

r e l a t i n g  the geology as i n te rp re t ted  from d r i l l  cut t ings t o  borehole 

geophysics for  a l l  deep wells. 

Devine (1980) discuss the geology and deposit ional environments o f  the 

sediments found i n  the basin as i n te rp re t ted  from we l l  cut t ings o r  core 

samples. 

Covington (1977a, 1977b, 1977c, 1977d, 

Two recent reports by Kennedy (1980) and 

Two reports have been w r i t t e n  on the shallow ground water system 

a t  the Raft River KGRA. The f i r s t  was a masters thes is  a t  the Univers i ty  
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of Idaho by Moril la (1976) inves t iga t ing  the p o s s i b i l i t y  of using the 

shallow ground water system i n  the cooling cyc le  of a power plant.  

second, Nichols (1979),  was an aqu i f e r  simulation model o f  the shallow 

system based on previous co l l ec t ed  data. 

The 

Reports have been pub l i shed  on geochemical modeling o f  the Raft 

The most notable,  by Overton and o the r s  (1979), attempted River KGRA. 

t o  cha rac t e r i ze  the geothermal r e se rvo i r  based on geochemical d a t a  

a v a i l a b l e  a t  the time. 

of heat supplying the resource,  mine ra l i za t ion ,  and groundwater move- 

ment w i t h i n  the system. 

Conclusions were drawn concerning the source 

Many repor t s  have been produced by EG & G Idaho, Inc. 

a m u l t i t u d e  o f  t op ic s  r e l a t e d  t o  the geothermal resources a t  

River KGRA. Most of these papers have not been formally pub 1- 1 

were f o r  in-house use. Subjec ts  s tud ied  include ana lys i s  o f  

i n j e c t i o n  tests, water chemistry, d r i l l i n g ,  well design, geo 

engi neering, environmental impacts and economics. 

covering 

the Raft 

i shed b u t  

pump and 

ogy, reservoi r 
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HYDROGEOLOGY AND DEVELOPMENT OF THE RAFT RIVER KGRA 

Regional Geology 

The Raft River Valley l ies  i n  a north-south t rending  basin t h a t  

was warped and downfaulted i n  la te  Cenozoic time. 

valley t o  a depth of  4000 t o  5000 feet (1220-1525 meters). These 

Sediments f i l l  the 

sediments overlie a basement core of metamorphic rocks (Devine, 1980). 

Large f a u l t  block mountains r ise  above the valley as much as 

6000 feet (1830 meters). There are six major mountain ranges i n  the 

area. These are tha Albion Range, Raft River Mountains, Black Pine 

Range, Sublett Range, and the Jim Sage and Cottrell ranges (Figure 2 ) .  

The mountain ranges surrounding the basin are composed o f  Tertiary, 

Paleozoic, and Precambriqn rocks. On the west, the valley i s  bounded 

by the Albion Range w h i c h  i s  a gniess dame complex mantled by Paleozoic 

metamorphic rocks. The Jim Sage and Cottrell ranges f l ank  the north- 

west margin o f  the valley. 

rhyol i te  and tuffaceous rocks. 

the eastern flank of the valley. 

and Permian sedimentary rocks. 

bounded by the Raft River Mountains which trend east-west. 

tains have the same general geology as t h a t  found in the Albion Mountains. 

These ranges are composed o f  Ter t ia ry  

The Black Pine and Sublett ranges define 

These mountains consist o f  Pennsylvanian 

The sourthern most end of the valley i s  

These moun- 

A1 1 mountain ranges surrounding the Val ley have contributed sedi - 
mentary debris t o  the valley. 

some 4900 feet  (1500 meters) of material (thicknesses vary spacially 

within the valley).  

As a result ,  the valley has f i l l ed  with 
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Figure 2.  Location of major structural features i n  
the vicinity o f  the Raft River KGRA. 
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The ranges surrounding the Raft River Basin have undergone nmerous 

t e c t o n i c  episodes t h a t  have resulted i n  their present form. 

periods of f a u l t i n g  and fo ld ing  have been documented by Anderson (1931) 

and Compton (1972). 

type f a u l t i n g  have had t h e  g r e a t e s t  impact on the present topography. 

Several 

In tense  thrust f a u l t i n g  followed by Basin and Range 

Geology of  the Raft River KGRA 

The Raft River KGRA i s  s i t u a t e d  a t  the southern most end o f  the 

Covi ngton ( 1977a, 1977b, 1977c, 1977d, Jim Sage Mountai ns (Fi gure 1 ) . 
1978, 1979c, 1979d) described the sediments found i n  the seven geothermal 

wells d r i l l e d  i n  the KGRA. These desc r ip t ions  were based on ana lys i s  

o f  d r i l l  c u t t i n g s  and geophysical logs. Covington concluded t h a t  the 

rocks belong t o  the S a l t  Lake formation. 

l a i n  by a metamorphic complex similar t o  those  found i n  the Albion and 

Raft River mountai ns. 

These sediments a r e  under- 

W i t h i n  the KGRA, the S a l t  Lake formation can be separated i n t o  

upper and lower units based on Covington's logs. 

mainly of grave ls ,  sandstones,  and s i l t s t o n e s .  

from 2375 feet (720 meters) i n  well RRGP-5 t o  4125 feet (1250 meters) i n  

well RRGE-3. The lower u n i t  i s  composed of sandstones and s i l t s t o n e s .  

I t  ranges from 1250 feet (380 meters) t h i c k  i n  wells RRGE-2 and RRGE-3 

t o  2875 feet (870 meters) i n  well RRGP-5. The sandstones i n  the lower 

u n i t  a r e  finer grained than those  i n  t h e  upper u n i t  (Devine, 1980). 

The upper u n i t  c o n s i s t s  

I t  ranges i n  thickness 

Two recent  r epor t s  have been written on the geology o f  t h e  Raft 

Both of these repor t s  a r e  based on analyses of well c u t t i n g s  River KGRA. 

and/or core  samples. Kennedy (1980) described the upper 990 feet 
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(300 meters) of  sediments. 

from seven monitor wells dr i l led  a t  the KGRA. He concluded that  the 

major process responsible for deposition o f  the upper sediments was 

coalescing a l l u v i a l  fans formed a t  the base of  the surrounding mountain 

ranges. 

by other processes, mainly the meandering Raft River. 

studied cores taken from the seven geothermal wells. 

basic conclusion as d i d  Kennedy; the sediments a t  depth appear t o  be the 

result of h i g h  energy al luvial  fan  deposits. 

These sediments have been cut by several faults t h a t  act as a 

This analysis was based upon d r i l l  cuttings 

Kennedy also stated t h a t  these fans have since been disected 

Devine (1980), 

He came to  the same 

condui t  system for the geothermal fluids. The major structural features 

i n  the KGRA are the Bridge F a u l t  System and the Narrow Structure. The 

Bridge F a u l t  System i s  a series of normal faults located along the south- 

east f lank  of  the Jim Sage Mountains. 

easterly direction and dips steeply toward the va l ley  (Figure 2 ) .  

Narrows Structure appears t o  be a r i g h t  lateral s t r ike-s l ip  f a u l t  trending 

roughly east-west. Other 

faults are suspected i n  the area b u t  are not  manifested a t  the surface. 

Reservoir testing has shown that several faults or  boundaries do exist  

This system trends i n  a north- 

The 

I t  passes just south o f  the Jim Sage Mountains. 

i n  the immediate area of the KGRA. 

Development of Geothermal Resource(s) 

In the early 1970's extensive geologic, geochemical, geophysical, 

and hydrologic studies were in i t ia ted  by ERDA (Energy Research and 

Development Administration), U. S. Geological Survey, and Aerojet Nuclear. 

A thorough exploration d r i l l i n g  program was implemented by the U. S. 
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Geological Survey. 

a t  various d r i l l  locations (Williams and others, 1974; Williams and 

others, 1976; EG & G Idaho, Inc., 1979). 

Water chemistry and heat flow studies were conducted 

The general geology of the Raft River KGRA became apparent as 

geologic mappi ng and geophysical surveys were completed. Two major s truc- 

tu ra l  features were recognized i n  the area: 

Narrows Structure (Figure 2) .  These two systems intersect i n  the KGRA. 

I t  was believed t h a t  by dr i l l ing  i n t o  these structural features, h i g h  

fluid temperatures and increased hydraulic conductivity due t o  fracturing 

would be encountered. 

Bridge Fault System and the 

The s i t e  of the f i r s t  deep geothermal well a t  the Raft River KGRA 

was chosen by Aerojet Nuclear and the U. S. Geological Survey in 1974. 

RRGE-1 (Raft River Geothermal Exploration Well) was located near two 

hot (100'C) shallow irrigation wells so t h a t  i t  would intersect the 

Bridge Fault System a t  o r  near the contact between the Tertiary sediments 

and the older Paleozoic and Precambrian rocks. The location of this  well 

can be seen in Figure 3. A maximun temperature of 146°C (295°F) and a 

flow of 600 gpm (gallons per minute) (28 L/sec) resulted. 

Locations for additional wells were chosen as new data were accun- 

ulated. To date, f ive deep wells and two intermediate depth  wells have 

been dril led.  Wells RRGE-1, RRGE-2, RRGP-4 (double legged), and RRGP-5 

are located along the Bridge Fault System. RRGE-3, which was t r ip l e  

legged, was dril led further t o  the east t o  intersect the Narrows 

Structure. Two wells, RRGI-6 and RRGI-7 were dr i l led as injection wells 

and are of intermediate depth  (3858 fee t )  (1170 meters). Figure 3 shows 

the location of these wells. 

schedule of the deep and intermediate we1 1s. 

Figure 4 shows the depth  and casing 
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Figure 4. Depths and casing schedules of the seven geothermal we l l s  a t  the Raf t  River  geothermal s i t e .  
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There are nine monitor wells a t  the Raft River Geothermal s i t e .  

Seven of  these were dr i l led bv EG & G Idaho, Inc. and range from 500 t o  

1309 feet  (150 t o  400 meters) in depth. 

U. S. Geological Survey and are 800 and 1423 feet  deep (240 and 435 meters) 

deep. These wells are used to  determine the affects resulting from 

injection and/or production on the shallow aquifer. 

periodically pumped and sampled for water quality. 

and water level fluctuations are also measured i n  these wells. T h e  

location of these wells are shown in Figure 3. 

schedule of the wells are shown in Figure 5. 

Two wells were dr i l led bv the 

These wells are 

Pressure changes 

The depth and casing 

Groundwater F1 ow Systems 

There are d is t inc t  hydrologic and hydrochemi cal. systems w i  t h i  n 

the Raft River KGRA. The deep geothermal aquifer(s) range from approx- 

imately 2000-4000 feet  (610-1220 meters). 

intermediate zone between 1400 and 2000 feet  (430-610 meters) and a 

shallow unconfined system that extends to  less than 500 feet  (150 meters). 

Above this  system(s) are an 

Shal low Aquifer 

The stratigraphy of the Raft River Valley sediments i s  complex. 

I t  has resulted from alluvial and fluvial  depositional processes acting 

alone or in concert. 

f ine grained sediments; individual units are and may be followed for  

only very short distances. 

results i n  a complex sequence of "local" aquifers and local confining 

units. As a resul t ,  the shallow aquifer does not  respond as a simple 

unconfined ground water system. 

The processes have produced a sequence of generally 

The discontinuous nature of individual units 

The aquifer tends to respond as a leaky 
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a r t e s i a n  system when s t r e s s e d  f o r  short periods of time and as  an uncon- 

f ined  system when s t r e s s e d  over long periods of time (Mor i l la ,  1976). 

Morilla (1976) conducted a pump tes t  on the shallow system i n  

the v i c i n i t y  o f  the Raft River Geothermal si te.  The d a t a  from the test 

i n  the KGRA ind ica ted  a mean t r ansmiss iv i ty  of 5 x lo5 ft'day-l and a 

mean s to rage  c o e f f i c i e n t  o f  5 x loS3. Moril la (1976, p. 79) concluded 

t h a t :  

The long-term hydrologic impacts o f  aqu i f e r  develop- 
ment w i l l  be con t ro l l ed  by the change i n  aqu i f e r  
c h a r a c t e r i s t i c s  from leaky-ar tes ian  t o  water t a b l e  
conditions.  The i n i t i a l  and f inal  values of the 
c o e f f i c i e n t  of s to rage  are estimated t o  be 0.005 
and 0.18. 

T h i s  conclusion was based on ca l cu la t ions  derived from the formation of 

an a n a l y t i c  model o f  the shallow ground water system. 

S teady-s ta te  and t r a n s i e n t  s imula t ion  analyses were used by 

Nichols (1979) t o  eva lua te  and modify earlier concepts about the hydro- 

dynamics of t h e  unconfined system i n  the southern portion of the Raft 

River Basin. He concluded t h a t  ground water flow and stream l o s s  i n  

the v ic in i ty  of t h e  Raft  River Narrows were not the pr inc ipa l  means o f  

recharge t o  the aqu i f e r .  Nichols s t a t e d  t h a t  the major i ty  ( ~ 6 6  percent) 

o f  the recharge enters the shallow a q u i f e r  a s  v e r t i c a l  leakage from 

deeper systeins. The upward leakage occurs through r e l a t i v e l y  t h i c k  

confining beds w i t h  low hydraulic conduct iv i ty .  The upward leakage i s  

bes t  exhib i ted  by two s ha1 low we1 Is w i t h  exceedingly high temperatures. 

These are the Crook Well, 535 feet deep (160 meters ) ,  and the BLM well, 

387 feet deep (120 meters). The locations of these wells a r e  shown on 

Figure 3 .  Both wells have temperatures of  approximately 100°C. 



16 

Nichols concluded that geothermal development would have limited 

affect  on the shallow aquifer system. 

that the effects o f  development of  the geothermal resources m i g h t  not 

be noticed i n  the unconfined system for  100 years or more. 

Theoretical calculations showed 

Intermediate Zone 

An intermediate system has been documented d u r i  ng d r i  11 i ng of 

the deep geothermal wells. 

on most well logs. 

gallons per minute o f  d r i l l i n g  f l u i d .  

1400 and 2000 feet  (430-610 meters) i n  depth across the valley. 

USGS well #3 is  bottomed i n  th is  zone. 

I t  appears as an area o f  los t  circulation 

The zone i s  capable of accepting several hundred 

T h e  system varies between 

Only 

Deep Geothermal System(s) 

The geothermal system(s) i n  the Raft River KGRA are character- 

ized by moderately h igh  temperatures ( less  than 150°C) w i t h  h i q h  well 

head pressures ranqina from 130 t o  180 DsiQ (pounds Der square inch 

relative t o  atmosDheric Dressure). 

on the h i q h l y  fractured nature of the formations (Stoker and others, 

1977). 

The flow i n  the system i s  definitely 

Data from deep wells indicate that  two semi-isolated geothermal 

systems may be present on the Raft River KGRA. These are associated 

w i t h  the two major structural features controlling ground water flow. 

The hydrologic data indicate that  the Bridge Fault System (BFS) i s  able 

to  transmit fluids more readily than the Narrows Structure (NS). 

production and/or injection tes t s  have been conducted on seven geothermal 

wells i n  the KGRA which demonstrate that  we1 1s RRGE-1, RRGE-2 and RRGP-5 

Numerous 
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have significantly higher hydraulic conductivity values than other wells. 

Both of these wells are located in the BFS ( E G  81 G Idaho, Inc., 1979; 

Narasimhan and Wi therspoon, 1977). 

During p m p  and/or injection tes ts  on wells in the other fracture 

system. Wells in one system have been monitored for interference. 

Hydraulic interferences from one system t o  the other have not been 

detected t o  date (EG & G Idaho, Inc., 1979). 
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COMPILATION AND EXAMINATION OF HYDROCHEMICAL DATA 
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I ntroduct i  on 

Water samples have been co l lec ted  and analyzed f o r  chemical 

consti tuents f r o m  deep geothermal we1 I s ,  i n j e c t i o n  we1 I s ,  monitor we1 I s ,  

i r r i g a t i o n  wells, and the Raf t  River since the incept ion o f  the pro ject .  

A l l  ava i lab le  data were assembled and compiled f o r  t h i s  p ro jec t  

(Appendix A). A t  l eas t  f i v e  d i f f e r e n t  ana ly t i ca l  laborator ies have been 

involved i n  performing chemical analyses throughout the  course o f  t he  

pro ject .  These laborator ies were: 

1. 

2 .  

3. 

4. 

5. Energy Incorporated (EI). 

Idaho National Engineeri ng Laboratory (INEL), 

Idaho Department o f  Water Resources (IDWR) , 

U. S. Geological Survey (USGS), 

Raft River Laboratory (RR), and 

Numerous ind iv idua ls  have co l lec ted  water samples a t  the Raf t  River 

s i t e .  

sampling procedure. 

It i s  no t  known whether a l l  samplers c a r e f u l l y  followed the same 

For t h i s  study i t  i s  assumed t h a t  carelessness i n  

sampling i s  re f l ec ted  i n  the degree o f  completeness and accuracy of the  

reported resul ts .  

the computer data base f o r  t h i s  study. 

s idera t ion  on the basis o f :  

analyses (e.g. lab, we l l ,  etc.) and 3)  analyses other than major 

consti tuents (e.g. gases, isotopes). 

Some reported l ab  resu l t s  were no t  included i n  

Data were el iminated from con- 

1) p a r t i a l  analyses, 2 )  un iden t i f i ab le  
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Charge-Bal ance Error Cal cul a t i  ons 
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A condition of electroneutrali t y  exists i n  electrolyte solutions. 

This occurs when the sun of the positive ion ic  charges equals the sum 

of the negative ionic charges. This relationship can be expressed by 

the fol lowing equation 

where Z i s  the ionic charge, MC the molality of cation species, and MA 

the molal i ty  of the anion species. 

can be a t t r i b u t e d  t o  analytical  erros or t o  the fac t  tha t  ionic species 

of significant concentrations were not  included i n  the analysis. 

deviation from equality can be expressed as a percent in accordance w i t h  

the following relationship 

S ign i f i can t  deviations from equality 

A 

where E is  the charge-balance error expressed i n  percent (Freeze and 

Cherry, 1979). I f  chemical analyses are expressed as meq (milliequival- 

ents per l i t e r ) ,  the valence term i n  the above equations can be omitted. 

An error greater t h a n  five percent for any analysis is  usually considered 

unacceptable. 

errors may be present i n  a sample which has an acceptable charge-balance. 

I t  must be kept i n  mind that  large offsett ing analytical 

T h i s  procedure was the main criteria used for eliminating poor 

analyses from the analytical data for the Raft River KGRA. The percentage 

of analyses w i t h  errors less than five percent for each laboratory are 
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l is ted i n  Table 1. 

been presented i n  Appendix C. 

All analyses w i t h  errors less than five percent have 

Table 1. Percent of usable analyses for  each 
laboratory, Raft River KGRA. 

No. of Analyses 
No. of w i t h  % error  % Usable 

La bora t o ry * Ana 1 ys es <5% Ana 1 ys es 

INEL 50 40 a0 
IDWR 157 146 93 

93 USGS 14 
RR** 346 
E1 25 14 56 

- 13 - 

* INEL - Idaho National Engineering Laboratory 
IDWR - Idaho Department of Water Resources 
USGS - U. S. Geological Survey 
RR - Raft River Laboratory 
E1 - Energy Incorporated 

analyses to f ac i l i t a t e  a calculation for  
charge-bal ance error. 

* RR lab does not conduct a thorough enough 

Analysis o f  Individual Laboratories 

INEL - 
The chemical plant a t  the INEL s i te  is  a well established analyt- 

ical chemistry laboratory. 

l a t e s t  analytical q u i  pment , and a stringent qual i ty  control program. 

Based on the above information p l u s  the results from charge-galance 

They have we1 1 t r a i  ned techni ci ans , the 

error calculations (Table 1) , the data generated by this laboratory are 

considered t o  be o f  re l iable  quality. 
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IDWR - 
IDWR personnel collected samples and d i d  a partial analysis on 

s i te  i n  a mobile laboratory. The remainder of the analysis was performed 

a t  the Bureau of Reclamation Laboratory i n  Boise, Idaho. 

error values for  this laboratory a re  very good. 

IDWR are t h u s  considered to  be of reliable quality. 

Charge-balance 

The data produced by 

USGS - 
The USGS collected and analyzed samples from core holes dr i l led 

a t  the Raft River si te.  These samples were collected using USGS standard 

procedures and the analyses were determined a t  a USGS laboratory. 

Charge-balance error  calculations indicate tha t  these data a re  o f  reliable 

quality. 

The Raft River laboratory is  located a t  the Raft River Geothermal 

si te.  I t  was used to  analyze samples collected on a weekly basis. T h i s  

lab was u t i l i zed  extensively d u r i n g  dr i l l ing  operations t o  do on-site 

analyses. The data produced by this laboratory i s  quite e r r a t i c  when 

compared t o  INEL data on sp l i t  samples. The variation i n  results can 

be attributed t o  untrained laboratory technicians , several different 

technicians performing the analyses, instrunent changes, and lack o f  a 

quality control program (EG & G Idaho, Inc., 1979). The data from this 

laboratory a re  judged to  not be reliable as a result o f  these variables. 

This i s  a private analytical chemistry laboratory. Most of the 

water they have analyzed has been f r o m  the monitor wells a t  the Raft 
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River s i t e .  

i s  compared to  that produced by INEL. 

indicate that the data are extremely unreliable. 

Many discrepancies appear when the data from this  laboratory 

Charge-balance error calculations 

Technique for Equating Data From A1 1 Laboratories 

The data produced by INEL, IDWR, and USGS were considered t o  be 

reliable and reproducible. 

RR produced the majority of  the data from the Raft River KGRA (see 

Table 1).  

wells. 

further studies t o  be able to  utilize a l l  of these data. This could be 

accomplished i f  the data from RR and E1 could be equated to data from a 

reliable laboratory. 

However, the data for  RR and EX were not. 

Also, E1 performed the majority of  the analyses on the monitor 

For these reasons, i t  was f e l t  that  i t  may be advantageous for 

Relationships were established between RR and E1 data and data 

from the reliable labs by the use o f  linear regression analyses. Sets 

of paired data were produced when EG & G Idaho, Inc. had samples s p l i t  

and distributed t o  three laboratories for analysis. The laboratories 

were INEL, RR, and EI. The results o f  these analyses are l is ted i n  

Table 2.  Linear regressions were f i t t ed  t o  selected determinations for  

INEL versus RR and INEL versus €1. INEL data  were considered t o  be the 

reference standard. The results produced a series of equations. These 

equations were t h e n  used t o  equate the RR and E1 data to  that of INEL. 

An example o f  a typical linear regression is  shown i n  Figure 6. 

remainder of these regressions are listed i n  Appendix B. Table 3 is a 

l i s t i n g  o f  the equations used to  adjust the RR and E1 data. The 

resulting data are l is ted i n  Appendix C. 

The 
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Table 2. Analyses fmm INEL; RR, and EX laboratories on s p l i t  samples (EG 6 G Idaho, Inc., 
1979). Concentrations are i n  milligrans per l i t e r  (mg/l). 

INEL Lab 
RRGE- 1 7.3 
RRGE-2 7.6 
RRGE- 3 7.2 
RRGP-50 7.5 
RRGI-6 7.3 

Raft River Lab 
RRGE- 1 7.5 
RRGE-2 7.7 
RRGE-3 7.4 
RRGP-50 7.8 
RRGI -6 7.5 

Enerw Inc. Lab 
RRGE-1 7.5 
RRGE-2 8.0 
RRGE- 3 7.5 
RRGP-56 8.0 

INEL Lab 
w- 1 7.8 
MU-2 7.6 
w-3 7.5 
Mw-4 7.6 
Mu-5 7.8 
MU-6 10.6 
w- 7 7.8 

Raft River Lab 
w- 1 8.1 
w- 2 7.6 
Mw- 3 7.5 
Mw-4 8.0 
Mw-5 7.6 
Mw-6 -- 
m-7, 7.6 

Enerw Inc. Lab 
WJ- 1 7.9 
F1w- 2 7.6, 
Mw- 3 7.8 
mJ-4 8.1 
Mi-5 8.0 
MJ-6 '10.7 
MJ-7 8.0 

RRGI-6 7.8 

2 987 
2157 
7997 
2857 

11594 

2800 
2000 
7250 
2600 

10500 

1846 
1500 
4950 
2910 
8150 

1 1350 
5700 
7700 
7800 
2000 
7600 
2300 

10406 
5400 
5200 
7400 
1 900 

22 00 
(.- 

7750 
4400 
5500 
5750 
ZOO0 
5600 
2250 

1607 
1161 
4280 
1482 
6330 

-- -- -- -- -- 
1634 
1196 
4366 
1618 
6286 

6590 
31 30 
4920 
4510 
1180 
4270 
1300 

-- -- -- -- -- -- -- 
6270 
3190 
4350 
4370 
1240 
4240 
1380 

34 
42 
26 
40 
62 

37 
45 
26 
44 
63 

34 
42 
26 
40 
66 

25 
26 
46 
30 

114 
99 

102 

28 
28 
44 
29 

102 -- -- 
25 
26 
55 
41 

168 
87 

107 

709 5.7 
701 7.9 

2116 3.7 
590 6.2 

3636 5.e 

913 7.6 
610 10.4 

2740 5.0 
838 8.2 

3915 7.3 

1016 3.0 
747 3.8 

2634 2.0 
1089 3.2 
3619 2.8 

3670 2.8 
1700 5.7 
2400 5.6 
2610 5.6 

560 0.1 
2340 4.1 
650 1.0 

4130 3.4 
2000 6.1 
2730 5.7 
2850 5.9 
639 0.7 

707 1.3 
-- -- 

2680 3.4 
1740 5.4 
2420 5.1 
2420 4.9 
610 0.5 

2360 3.4 
640 1.0 

53 469 
32 331 

127 1245 
50 179 

199 2020 

55 -- 
33 -- 

233 -- 
55 -- 

170 -- 
60 -- 
33 -- 

221 -- 
52 -- 

163 -- 
210 2270 
140 1320 
170 1350 
160 1450 
110 485 
170 1170 
94 375 

223 1970 
138 920 
182 1250 
157 1350 
132 221 

129 287 
-- -- 

215 2220 
125 1000 
177 1280 
217 1400 
169 190 
180 1280 
110 350 

33 1.6 134 
31 1.0 155 

103 3.4 158 
34 1.6 136 
32 5.1 91 

20 4.1 79 
24 2.6 84 
54 3.1 92 
23 3.3 82 
12 0.4 34 
62 2.8 30 
14 0.6 43 

30 3.7 80 
25 2.5 87 
54 2.8 101 
25 3.2 67 
17 1.7 37 
53 2.4 33 
12 1.6 36 

-- no drtrnnfnrtton 
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Figure 6. Regression analysis o f  INEL vs E1 f o r  chlor ide.  
i s  given i n  the lower r i g h t  o f  the  f igure.  

The r e s u l t i n g  equation 
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Table 3. Equations used t o  a d j u s t  d a t a  from RR 
and E1 1 aborator i  es . 

Equation Cons ti tuent 

INEL = -122+(1.02) E 1  
INEL = -191+( 1-09)  E1 

INEL = -3.44+(1.02) E 1  
INEL = -7.07+(1.01) E1 
INEL = -164+(1.45) E1 
INEL = -2.43+(1.11) E 1  
INEL = -3.67+(1.03) E 1  

INEL = 1.42(1.0) E 1  

INEL = 11.12+(0.86) E 1  
INEL = 17.31+(0.77) E 1  
INEL = -1.52+(1.57) E 1  

INEL = -1.36+(0.89) RR 

INEL = -0.85+(0-996) RR 
INEL = 0.49+(0.75) RR 

INEL = 18.19+(0.76) RR 
INEL = 11.17+(1.11) RR 
INEL = 256+(1.09) RR 
INEL = -7.16+(0.93) RR 

c1 
TDS 
F 
Na 

Cond 
K 
Alk (HCO3) 
Si02 
Ca 
L i  

c1 
F 
A l k  (HCO3) 
Ca 
Na 
Co nd 
Si 02 

$04 

Data Used i n  Examination of Hydrochemical Controls 
and Extent of  the Geothermal System(s1 

The data produced by INEL, IDWR, and USGS were u t i l i z e d  for examina- 

t i o n  of hydrochemical con t ro l s  and ana lys i s  of the extent of the geothermal 

systems. 

geothermal and monitor wells. 

any i r r i g a t i o n  wel l s  and the USGS da ta  were u t i l i z e d  f o r  USGS core  holes. 

Table 4 l i s t s  the sources o f  usable da t a  f o r  each we 1 type. 

The  da t a  produced by INEL were used f o r  the ana lys i s  of the 

The  IDWR da ta  were used when d iscuss ing  
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Table 4. Source o f  da ta  ( labora tory)  f0.r each 
type o f  well a t  the Raft River KGRA. 

Well Type Source o f  Data 1 

Geothermal we1 1s 

In jec t ion  wel ls  

Monitor wells 

USGS we1 1 s 

I r r i g a t i o n  we1 1s 

- INEL, RR, E1  

- INEL, RR,  E 1  

INEL, RR,  E 1  

USGS, RR 

IDWR, RR 

- 
- 
- 

' Laboratory under1 i ned produced most re1 i ab le  data .  
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HYDROCHEMISTRY OF THE RAFT RIVER KGRA 

Introduction 

The da ta  available for  the analysis of hydrochemistry of the deep 

geothermal system(s) comes from seven data points included w i t h i n  an 

area of approximately two square miles. 

and hydrogeology of the deep system outside this  area i s  essentially 

nonexistant. 

attempting t o  discuss the deep systems beyond these boundaries. 

Knowledge o f  the hydrochemistry 

Only speculation and i n t u i t i o n  can be exercised when 

The hydrochemistry data from an individual well represents a 

unique geologic and hydrochemical environment. 

from each well are related t o  rock type, flow p a t h ,  time i n  t rans i t ,  and 

temperature. 

ferent unique aqui fers.  

The chemical data obtained 

Data from individual we1 1s may represent mixtures of d i f -  

Table 5 l i s t s  concentration values for selected chemical constit- 

uents for the seven geothermal wells. Table 6 l i s t s  constituents for 

selected irrigation wells in the vicinity of the KGRA. A l i s t ing  of 

reliable data for a l l  wells i s  given in Appendix C. 

Chemical Classification of Geothermal Fluids 

Several chemical classification systems have been developed for 

geothermal systems. The most notable are those proposed by White (1957) 

and Ellis  and Mahon (1964). These classification systems can be applied 

t o  volcanic and nonvolcanic areas and waters issuing from hot springs or 
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Table 5. Average concentrations o f  selected chemical consti tuents f o r  the seven eothermal wel ls  i n  
the Ra f t  River KGRA. Concentrations are given i n  mil l igrams per l i t e r  9 mg/l). 

Elec. 
Fracture Cond . Alk 

Well No. System (pmhos/cm) C1 F (HC03) SO4 Ca Na K L i  St- S i  

RRGE- 1 BFS 3400 750 5.0 37.7 40 53 5 60 33.0 1.6 1.4 64.0 

RRGE-2 B FS 2600 615 6.9 48.4 50 38 424 35.0 1.1 1.2 90.4 

RRGP-5 BFS 3100 860 - 43.1 - 41 493 31.0 1.4 1.2 57.0 O3 

RRGP-4 M i  x t  ure 5000 1490 4.7 34.6 70 145 964 28.0 3.1 6.4 48.5 

N 

RRGE- 3 NS 8900 2350 4.1 27.9 60 200 1278 103.5 3.0 5.2 78.7 

RRGI-6 N/A ' 9900 2850 5.1 57.2 60 200 1720 32.0 5.1 8.0 44.0 

12000 4200 4.8 21.4 - 350 2200 - - - 37.0 RRGI -7 N/A 

- No determination 
N/A Not appl icable 
BFS Bridge Faul t  System 
NS Narrows Structure 



Table 6. Average concentrations o f  chemical consti tuents f o r  selected i r r i g a t i o n  wells near the 
Raft River KGRA. 
are located i n  T15S. 

Concentrations are given i n  mil l igrams per l i t e r  (mg/l). A l l  wel ls 

Elec. 
Cond. Alk 

Well No. (IlmhOs/d c1 F (HC03) so4 Ca Na K L i  S r  S i  

26E 24cadl 2100 550 1.5 220 70 122 266 3 - - 30 

26E 23abdl 4200 1300 5.3 142 100 98 723 20 0.7 51 

26E 26cabl 5400 1250 2.1 565 365 241 7 85 14 0.6 50 

27E 29bccl 2200 390 0.2 170 30 155 120 4 - - 30 

27E 18bccl 1250 330 0.5 145 28 98 120 13 0.2 - 69 

26E 23dddl 3600 1100 4.1 140 58 62 650 18 1.7 52 

N - 
- 

- 

- No determination 
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punped from wells. These classification schemes are more for  convenience 

i n  comparing geothermal systems than for actually defining origins of 

waters (El l is  and Mahon, 1977). 

Four general classification categories have been suggested. These 

i ncl ude : 

1. A1 kali chloride waters, 

2.  Acid sulfate  waters, 

3. Acid-sulfate-chloride waters, and 

4. Bicarbonate waters. 

I n  alkali chloride waters, the main dissolved salts  are sodium and potassium 

chlorides. 

waters usually contain appreciable amounts of s i l i ca .  

normally found i n  significant concentrations are sulfate ,  bicarbonate, 

fluoride, and l i t h i u m .  

t o  s l ight ly  alkaline (pH 5-9). 

usually quite h i  gh. 

w i t h  both volcanic and sedimentary rocks (El l i s  and Mahon, 1977). 

More concentrated f l u i d s  may also be h i g h  i n  calcium. These 

Other species 

The pH o f  these waters range from sl ight ly  acidic 

The ra t io  of chloride to  sulfate  is  

A1 kal i chloride waters have been found associated 

Acid sulfate  waters are found i n  volcanic areas where carbon 

dioxide and sulfur gases remain i n  the vapors rising through the rocks. 

They are also present i n  areas where steam arises from underground high-  

temperature water. These waters are normally low i n  chloride; hydrogen 

sulfide i n  the steam oxidized to  sulfate. 

waters are mainly leached from the surrounding wall rock (Ellis and 

Mahon, 1977). 

Constituents present i n  the 

Acid-sulfate-chloride waters are quite comnon. As their name 

implies they contain appreciable amounts o f  chloride and sulfate. These 
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waters may originate i n  several ways. Several mechanisms are: 

1 .  Mixing of waters 1 and 2 ,  

2. The sulfide i n  water 1 can become oxidized a t  d e p t h  t o  

form bisulfate ions. 

r ises rapidly w i t h  a decrease i n  temperature. 

when these waters r i se  from depth and cool there can be a 

d r o p  i n  pH due t o  this dissociation, 

I f  h i g h  temperature chloride waters come i n  contact w i t h  

sulfur containing f l u i d s  a t  d e p t h ,  hydrolysis of sulfur t o  

hydrogen sulfide and sulfuric acid can produce acid conditions. 

In active volcanic areas, h i g h  temperature steam can r i se  

from molten rock and condense in shallow groundwaters 

(Ellis and Mahon, 1977). 

The dissociation constant of bisulfate 

As a resul t ,  

3 .  

4. 

Bicarbonate waters can occur i n  volcanic geothermal areas. These 

f l u i d s  are usually low i n  chloride and contain h igh  concentrations of 

bicarbonate. These f luids  have varying amounts of  sulfate.  Sodium i s  

usually the main cation since calcium carbonate i s  not  very soluble a t  

h i  gh temperatures ( E l  1 i s  and Mahon , 1977). 

The geothermal fluids a t  the Raft River KGRA can be best classified 

as alkali chloride waters. Table 5 l i s t s  the chemical constituents found 

in these waters. The main cations are sodium, calcium, and potassium. 

The dominant anion i s  chloride. The pH for  a l l  waters i s  near neutral. 

Significant amounts of sulfate ,  bicarbonate, fluoride, and lithium are 

also present. 
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Major Ion Species of the Geothermal Fluids 

Fluids found i n  geothermal systems are aqueous solutions of 

inorganic sa l t s .  

exception of s i l i ca .  

The sa l t s  i n  the solution are nearly 100 percent ionized. As a resul t ,  

the most comnon reactions t h a t  occur are simple ion ic  reactions between 

cations and anions (Wahl, 1972). 

These sa l t s  ionize t o  form ionic solutions w i t h  the 

Si l ica  may form small amounts of nonionic material. 

The dominant ions i n  the geothermal fluids a t  the Raft River KGRA 

Several other ions are also present i n  varying are chloride and sodium. 

amounts b u t  i n  no way approach the concentration levels of C1-  and Na . 
These other ions include fluoride ( F - ) ,  sulfate  (SO4-) ,  bicarbonate 

(HC03-), calciun (Ca*), lithium (Li'),  potassiwn (K'), and strontium (Sr) .  

Sil ica (Si02) i s  also a major chemical species present. 

+ 

Mineral availabil i ty and mineral solubili ty are the two main vari- 

ables responsible for the geochemical evolution of ground water. 

amounts of  a particular mineral must be available i n  order for  chemical 

weathering processes t o  proceed i n  breaking down the mineral .  The  more 

soluble the mineral, the more readily i t  can be broken down and dispersed 

i n  the ground water system. 

of  the ion species from the mineral phase i n  ground water flow systems 

w i t h  a normal temperature regime. 

lerated i n  goethermal areas due t o  the increase in temperature. Slow 

reactions are always speeded up by an increase in temperature. As a 

general rule, i t  can be said t h a t  reactions have the i r  rates doubled o r  

tr ipled by a 10°C increase in temperature. As a resul t ,  equilibrium i s  

Sufficient 

Substantial time i s  needed t o  l iberate many 

However, reactions rates can be excel- 



always more easily attained a t  

Table 7 l i s t s  nunerous chemica 

importance in controlling cons 
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high temperatures (Kraus kopf, 1979). 

equilibrium reactions that  may be of 

tuent composition in geothermal systems. 

Chloride 

In deep sedimentary basins, C1- i s  usually the dominant anion. 

The proportion of C1- to  total  anions usually increases w i t h  increasing 

salinity.  

t o  ground water systems. 

sedimentary rocks. 

Igneous rocks normally do not yield large amounts of chloride 

Most chloride i s  contributed t o  ground water by 

Once C1- enters t, ,e ground water system, i t  increases in concentra- 

tion i n  the direction of flow. 

cantly enter into oxidation reduction reactions, form important solute 

complexes w i t h  other ions, form sa l t s  o f  low solubi l i ty ,  o r  significantly 

adsorb on mineral surfaces (Hem, 1970). 

T h i s  occurs because C1- does not s ignif i -  

The chloride concentrations i n  the Raft River KGW area show an 

increase w i t h  increased sa l in i ty  as i s  common in most sedimentary basins. 

The concentrations of ch lor ide  i n  t h e  Raft River area are essentially 

comparable to  those seen i n  other geothermal areas e x h i b i t i n g  an alkali 

chloride water type. 

Sodi um 

Sodium is normally the dominant cation i n  chloride waters o f  sedi- 

mentary basins. The most comnon source o f  sodi um i n  ground water is  from 

the chemical breakdown of feldspar minerals. The minerals include ortho- 

clase, potassiun feldspar and plagioclase-, ranging i n  composition from the 

pure sodiun form a1 bi  t e  t o  the pure calcium form anorthite. Potassi rn 
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f e ldspa r  i s  very r e s i s t a n t  t o  chemical a t t ack .  The  sod 

species a r e  much more susceptible t o  breakdown, however 

y ie ld  the metal ion and s i l i c a  t o  s o l u t i o n  (Hem, 1970). 

a r e  l is ted i n  Table 7. 

un and calcium 

The l a t t e r  forms 

These reac t ions  

Once sodium has been brought i n t o  s o l u t i o n ,  i t  tends t o  remain i n  

t h a t  s t a t u s .  The sodium ion tends t o  be r e a d i l y  adsorbed on mineral 
++ sur faces .  I t  i s  a l s o  r ead i ly  exchanged by Ca t h a t  i s  i n  so lu t ion .  As 

a result, Na' i s  l i b e r a t e d  i n t o  so lu t ion  and the Ca i s  adsorbed on the 

mineral sur face .  

than Cau. 

c a l c i  urn ion has a g r e a t e r  tendency t o  be adsorbed on cation-exchangi ng 

c lays  . 

++ 

White (1965) states t h a t  Na' i s  appreciably more mobile 

The reason f o r  this behavior i s  due t o  i t s  double charge; the 

Sodiun concentrations a r e  r e l a t i v e l y  h i g h  i n  the geothermal 

f luids  i n  the Raft River KGRA. 

concentrations.  

described i n  the previous paragraph. 

Raft River basin contains l a rge  amounts o f  fine grained sediments which  

have many exchange si tes a v a i l a b l e  f o r  ca t ion  exchange t o  occur. Water 

moving through these sediments could exchange Ca" ions f o r  Na' ions 

thus increas ing  the Na' concentrations while decreasing the Ca* 
concentrations . 

They a r e  much higher  than the calcium 

T h i s  i s  probably best explained by the mechanism 

The v a l l e y  f i l l  mater ia l  i n  the 

F1 uoride 

Fluorine is  the most e l ec t ronega t ive  element know. I t  forms 

f l u o r i d e  ions i n  so lu t ions .  In na tura l  aqueous systems, o t h e r  ox ida t ion  

s t a t e s  a r e  not found. 

ca t ions .  

f 1 uori de. 

Fluoride can form s t r o n g  complexes w i t h  many 

Some o f  the comnon mineral species of low s o l u b i l i t y  contain 
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Fluorine occurs i n  igneous, metamorphic, and sedimentary rocks. 

The highest concentrations are found associated w i t h  acidic igneous rocks. 

The most common fluorine minerals are f luor i te  (CaF2) and fluorapatite 

(Ca5F(P04)3). 

Concentrations of F- i n  groundwater are controlled by the amount of 

fluorine i n  the host rock through which the water flows rather than by 

the solubili ty of the fluorine minerals. 

thermal systems , however. 

The comnon fluorine minerals are relatively insoluble. 

The opposite i s  true i n  hydro- 

The ionic radius of F- is identical t o  that  o f  OH-(1.33&). As a 

resul t ,  F- can replace OH- i n  many layered s i l i c a t e  minerals. 

best demonstrated i n  clay minerals, micas, and hornblende. 

centrations can be relatively h i g h  i n  sedimentary rocks because of this 

replacement. 

T h i s  is  

Fluoride con- 

Maximum fluoride concentrations are usually controlled by f luor i te  

(CaF2) solubili ty i n  natural hydrothermal solutions (Mahon, 1964). 

solubili ty i s  increased by increased s a l t  concentrations and pressure. 

In pure water, the solubili ty of f luor i te  passes through a maximum near 

100°C (Holland and Malinin, 1979). 

of NaCl on the solubili ty of  f l uo r i t e  i n  aqueous solutions is due largely 

t o  the decrease i n  the act ivi ty  coefficient of Ca++ and F- w i t h  increasing 

ionic strength of the solutions and to  the formation of the species NaF. 

Below 15OoC, there is a dramatic decrease i n  f luori te  solubili ty i n  NaCl 

so 1 u t i  ons . 

CaF2 

Holland further s ta tes  tha t  the effect  

The fluoride concentrations i n  the Raft River geothermal f l u i d s  

are not excessively high.  

chloride waters normally have fluoride concentrations i n  the range of  

Ell is  and Mahon (1977) s t a t e  that  alkali  
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The values i n  Table 5 are well w i t h i n  this range. 1-10 ppm. 

concentrations i n  some irrigation wells approach those found i n  the 

geothermal f lu ids  (see Table 6 ) .  

o f  geothermal fluids w i t h  the shallower waters. 

The fluoride 

This i s  most l ikely due t o  the mixing 

Sulfate 

. The most comnon sulfate bearing minerals are gypsum (CaS04 2H20) 

and anhydrite (CaS04). 

temperature when i n  contact w i t h  water. 

erable distances i n  most sedimentary terrains before SO; becomes a dominant 

anion. 

rarely found i n  more than trace amounts i n  most sediments. 

These minerals dissolve quite readily a t  low 

Ground water must  travel consid- 

This can be explained by the fact  that  gypsum and anhydrite are 

Bicarbonate 

Bicarbonate content i n groundwater is normally deri ved  from soi 1 

HCO; i s  usually the dominant zone C02 dissolving calci te  and dolomite. 

anion a t  shallow depths i n  sedimentary basins and i n  recharge zones. 

most groundwaters the pH range i s  between 6 t o  9. 

carbonate species i n  this range. 

t o  a discharge zone, the HCO; content decreases appreciably due t o  a 

decrease i n  C02. 

I n  

HCO; is  the dominant 

As groundwater moves from a recharge 

The geothermal fluids i n  the Raft River KGRA are deficient i n  

HCO; as compared to  the shallower waters (see Tables 5 and 6).  The deep 

geothermal fluids are low due to  the fact  they have lost considerable 

amounts of C02 gas. The shallow aquifer waters have h i g h  HCO; concentra- 

tions since they are i n  close proximity t o  a recharge zone. 
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Cal ci um 

Calciun i s  a major constituent of many igneous and metamorphic 

rock minerals. Calcium is found i n  chain s i l i ca t e s ,  pyroxene, amphibole, 

and feldspars. 

igneous rocks are usually low. 

ground water comes from the dissolution o f  carbonate minerals. 

most comnon carbonate minerals are calcite and dolomite. Calcite i s  

also a component of some types o f  zeolites and montmorillinite clay. 

Reactions showing the breakdown of these minerals are l is ted in Table 7 .  

Concentrations of cal ci urn i n ground waters derived from 

The most abundant source of  calcium i n  

T h e  two 

Cation exchange equ i  1 i b r i  a has a great i nfl uence on the concentra- 

t i o n  of calciun in most ground waters. 

mineral surfaces for Na . The reverse of th i s  process ( i  .e. , Na for Ca ) 

i s  not common except in some highly irrigated basins (Hem, 1970). 

sedimentary basins w i t h  a NaCl type water, Ca* tends to increase with 

increasing sa l in i ty ,  depth, and age of the rocks (White, 1965). 

phenomenon is  seen in the geothermal fluids a t  Raft River. 

Ca* i s  readily exchanged on 
+ + U 

I n  

This 

The calcium 

concentrations i ncrease dramati cal ly w i t h  i ncreased sal i n i  ty  (see 

. Table 5 ) .  

Li t hi  um 

Lithium tends t o  be concentrated in pegmatites and evapor tes. 

As a Lithiun i s  not  adsorbed readily by common ion exchange minerals. 

result ,  when l i thiun i s  brought into solution by chemical weathering, i t  

i s  prone to  stay i n  this s t a t e  (Hem, 1970). 

Extensive hydrot hemal a1 te ra t i  on must  take place i n geothermal 

systems t o  create appreci ab1 e concentrations of 1 i t h i  un i n waters. 
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Moderate temperatures (200"-300°C are more favorable for hydrothermal 

alteration than very h i g h  temperatures (500"-600"C) (Ellis  and Mahon, 

1977). 

The lack of appreciable amounts of l i t h i u m  i n  the Raft River 

geothermal f l u i d s  is  best explained by the fact  that  there is only a 

small source o f  l i t h i u m  available i n  the rocks. Also, the temperatures 

a t  the Raft River KGRA are not i n  the range t o  create appreciable 

concentrations o f  l i t h i u m  through extensive hydrothermal a l terat ion.  

Potassiun 

Potassium is s l ight ly  less comnon than sodiun i n  igneous rocks. 

However, i t  i s  much more cornon in sedimentary rocks. The principle 

s i l i c a t e  minerals from which  potassiun i s  derived are  the feldspars, 

orthoclase and microcline, and the micas. The potassiun feldspars are 

very resistive t o  attack by water b u t  do breakdown w i t h  sufficient time. 

Potassiun is most often found as unaltered feldspar o r  mica particles 

and clay minerals when associated w i t h  sediments. Potassium i s  adsorbed 

by clay minerals quite easily.  Concentrations of potassiun are relatively 

low in most natural waters. Only i n  waters w i t h  high TDS or h i g h  tempera- 

ture will potassium be found i n  levels exceeding a few tens o f  mg/l 

(Hem, 1970). 

The concentrations of K+ i n  the geothermal f l u i d s  a t  Raft River 

are  relatively h i g h .  

from other alkali  chloride geothermal areas (i.e. K+ concentrations to  

500 mg/l ) . 
h i g h  concentrations o f  potassiun. T h i s  source material is mainly i n  

the form of feldspar and mica minerals. 

However, they are  substanti a1 ly lower t h a n  waters 

Abundant source materi a1 is  avai lab1 e to  produce re1 a t i  vely 

Perhaps the limiting factor on 
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sediments i n  the valley f i l l  t o  wh 
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the h i g h  volumes of f ine grained 

ch i t  could be adsorbed. 

S t r o n t i  um 

Strontium i s  found i n  minor amounts i n  the geothermal waters i n  

the Raft River KGRA (1-5 mg/l). Strohtium behaves much like calcium. 

Strontiun i s  common i n  sedimentary rocks i n  the minerals s t ront iani te  

and celest i te .  The former is a carbonate mineral and the l a t t e r  a 

sulfate  mineral. 

The strontiun to calcite ra t io  i n  most limestone is usually less than 

Strontianite i s  s l ight ly  less soluble than calcite.  

1:lOOO ( H e m ,  1970). The solubili ty of  s t ront iani te  decreases w i t h  

increasing temperature. 

exceeds that o f  calci te  (Holland and Malinin, 1979). 

Above 200°C, the solubi l i ty  of strontiani t e  

Si l ica  

Si l ica  (Si02) as quartz is  a major constituent of many igneous 

rocks. 

Quartz is  one o f  the most resistant minerals t o  chemical attack. 

I t  also constitutes the b u l k  o f  the grains of most sandstones. 

Amorphous forms of quartz such as cr is tobal i te  and chalcedony are more 

readily weathered. Most of the s i l i c a  found i n  natural waters i s  

probably the result  of chemical weathering of s i l i c a t e  minerals even 

though i t  i s  highly resis t ive (Hem, 1970). 

Si02 occurs a t  different depths  i n  different forms. These forms 

are quartz, chalcedony, cr is tobal i te ,  and amorphours s i l i c a  species. 

Quartz is the most stable form and has the lowest solubility. 

solubi l i ty  is  l i t t l e  affected by the presence o f  dissolved sa l t s  or by 

changes i n  pressure. 

Quartz 
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The solubili ty of s i l i c a  i s  temperature sensitive. With  increased 

temperature there i s  a corresponding increase i n  s i l i ca  solubili ty.  

this fashion, s i l i ca  can be used as a geothermometer. This relationship 

has been discussed thoroughly by several authors. 

sion of th i s  relationship, the reader i s  directed t o  the work by El l is  

and Mahon (1964 and 1977) and Fourni e r  (1973). 

In 

For a detailed discus- 

The Raft River wells show this relationship. RRGE-2 is the 

Wells RRGI-6 and 7 hottest well and exhibits the highest Si02 value. 

are the coolest wells and have the lowest SiOg concentrations. 

Chemical Geothermometers 

Several m i  nerals can be used as i ndi cators o f  reservoi r temperatures. 

The most common geothermometers are based on the sol ubi 1 i ty of s i  1 i ca 

and the partitioning of sodium and potassium between aluminosilicates 

and solutions. Both of  these phenomenon are temperature sensitive. 

Temperatures a t  d e p t h  i n  a geothermal system can be estimated 

from s i l i c a  concentrations ( in  parts per million) in the discharge water 

a t  the surface. 

temperature 

The following formula can be used t o  calculate the 

t " C  = 1533.5/(5.768 - log Si02) - 273.15. 

T h i s  equation assunes adiabatic, isoenthalpic cooling (El l i s  and Mahon, 

1977). 

Temperatures can also be estimated using the relationship of Na' 

t o  K'. This ra t io  is  based on the exchange reaction 

K' + Na - feldspar = K - feldspar + Na'. 
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This relationship has been found t o  give relatively good values fo r  

waters associated w i t h  hi gh-temperature geothermal systems. 

works good for near neutral pH waters low i n  calciun (Ca /Na)<l) (El l is  

and Mahon, 1977). 

This method 
i 

The following formula has been developed by Truesdell 

(1975) for  calculating the temperature from the Na/K ratio.  

t°C = [855.6/log(Na/K + 0.8573)] - 273.15 

Concentrations of Na and K should be in parts per million. 

T h i s  procedure produces anomalous temperature values i f  he waters 

A calcium corrected geother- are high in  calcium and o f  low temperature. 

mometer was proposed by Fournier and Truesdell (1973). 

the partitioning of calcium i s  taken into account. 

on the following relationship: 

In t h i s  approach 

This method i s  based 

- 273.15 1647 
= log(Na/K) + B log(Caf/Na) + 2.24 

4 where: 8 = 3 for  Cai/Na > 1 and t < 100°C 

13 = 1 for Ca 3 /Na c 1 or if t > 100°C 4/ 3 

Molal concentrations should be used t o  calculate (Ca3/Na). 

relationship i s  less t h a n  1, a value o f  8 = 3 i s  used. 

greater than 1 ,  a value of B = 4 i s .  used. I f  temperatures in excess of 

100°C are calculated using the l a t t e r  value, a B value of 

used (El l i s  and Mahon, 1977). 

I f  this 

I f  Cah/Na i s  1 

should be 

Temperatures for  the various wells a t  the Raft River KGRA have 

been calculated using the various methods discussed above. These temper- 

ature calculations are l i s ted  in Table 8. The best values were obtained 
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from the Si02 geothermometer. 

measured temperatures. 

Na-K-Ca methods. This i s  probably due t o  exchange mechanisms and 

possibly mixing. 

These values are i n  accordance w i t h  

Erroneous data were obtained f r o m  the Na/K and 

Table 8.  Calculated chemical geothermometers for  the 
seven geothermal wel ls  a t  the Raft  River 
KGRA. 

T°C T"C To C T°C 
We1 1 (observed) (SiO2) (Na/K) ( Na- K-Ca ) 

RRGE- 1 138 147 152 114 
RRGE-2 139 167 172 131 
RRGE-3 147 159 167 126 
RRGP-4 --- 136 57 76 
RRGP-5 130 148 205 129 
RRGI-6 122 .131 49 74 
RRGI - 7 101 125 --- --- 

-- No determination 
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HYDROCHEMICAL EVALUATION OF THE HYDROGEOLOGIC CONTROLS 
AND EXTENT OF GEOTHERMAL SYSTEM WITHIN THE RAFT RIVER KGRA 

Introduction 

The Bridge F a u l t  System and the Narrows Structure are the two 

major structural features controlling the flow o f  geothermal f luids  

w i t h i n  the KGRA (see Figure 2 ) .  

structural features are generally understood b u t  detailed subsurface 

documentation i s  lacking (Niemi and Nelson, 1977). 

this chapter to  demonstrate, using hydrochemical data, that  these two 

structural features represent separate geothermal reservoirs. 

The spacial configuration o f  these two 

I t  i s  the intent of 

S ta t i s t ica l  Evaluation of the Two Reservoir 
Hypothesis Based on Hydrochemical Data 

A nunber of authors have suggested that there are two separate 

geothermal reservoirs a t  the Raft River KGRA (Niemi and Nelson, 1977; 

EG & G Idaho, Inc., 1979; Overton, 1977; Williams and others, 1976). 

This i s  based on two sources o f  evidence. Firs t ,  reservoir tes t s  have 

not indicated an interconnection or  response in wells located in the 

Bridge Fault System w i t h  the well located i n  the Narrows Structure. 

Second, preliminary analysis indicated a significant difference i n  the 

chemical composition of the f l u i d s  derived from the two systems- 

A s t a t i s t i ca l  evaluation was conducted t o  t e s t  the two reservoir 

hypothesis. 

compared t o  data from the well representing the Narrows Structure. 

Data f r o m  wells representing the Bridge F a u l t  System were 

Only 
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the data from the INEL laboratory were uti l ized i n  this analysis. The 

chemical constituents used were HCO;, C1-, F-, Na', Ca", Li', K and S i .  

These constituents were used because the computer program could not accept 

blank or zero values. 

by the INEL laboratory t h u s  allowing for more data to  be uti l ized i n  

the analysis. A total  of 23 observations were used i n  the analysis. 

Twelve were from well RRGE-3 and 11 from wells RRGE-1, RRGE-2 and RRGP-5. 

+ 

These constituents were consistantly determined 

The basic model t o  be tested was as follows. Wells RRGE-1, RRGE-2, 

and RRGP-5 were grouped as a population because they a l l  penetrate the 

Bridge Fault System. Well RRGE-3 was treated as another population 

since i t  penetrates the Narrows Structure. 

i n  the analysis because i t  appears t o  be a mixture of the two systems. 

Well RRGP-4 was not utilized 

RRGI-7 were also not included because they are shallower 

intercept either fracture system. 

var a te  analysis of variance was used to  t e s t  the hypothesis. 

was performed using a digi ta l  computer and the Stat is t ical  

Analysis System (SAS) softwave package available a t  the University o f  

Idaho (Goodnight, 1979). 

procedure offered by SAS utilizes four separate tes ts .  

1 )  the Hotelling Lawley Trace, 2) P i l l a i ' s  Trace, 3) Wilk's Criterion, 

and 4 )  Roy's Maximum Root Criterion. All four test for  equality of the 

means of n ( i n  this case n = 2) multivariate normal dis t r ibut ions.  

The multivariate analysis of variance (MANOVA) 

These are: 

The hypothesis to  be tested is  that  the mean o f  the j o in t  d i s t r i b u -  

tion of the chemical constituents o f  one system (or population) is  equal 

t o  the mean of the constituents of the other. The converse o f  this state- 

ment is the alternate hypothesis. That i s ,  the mean of one system is not 
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equal to  the mean of the other system. 

t h u s  be stated as u1 = p2 where p represents the mean of the jo in t  d i s t r i -  

bution of chemical constituents for  each population. The alternate 

hypothesis ( H a )  i s  therefore pl # p2. 

The null hypothesis (H,) can 

The results from the analysis are l i s ted  i n  Table 9. The f i r s t  

column is  the method used t o  calculate the s t a t i s t i c .  

is  the calculated F s t a t i s t i c  for each method. The t h i r d  column gives the 

probability of exceeding the F s t a t i s t i c .  

the probability of rejecting Ho when i n  fact  Ho is true i s  <.0001. 

stated another way, we are 99.99% sure that  there i s  a difference between 

the two populations. 

The  second column 

Essentially, this  s ta tes  that  

Or, 

Table 9. Results o f  MANOVA test. 

Met hod F Sta t i s t i c  Prob. >F 

Hotel 1 i ng-Lawley Trace 1080.36 0.0001 
P i l l a i ' s  Trace 1080.36 0.0001 
Wilk's Criterion 1080.36 0.0001 

The three methods arrive a t  the same conclusion; there are s ignif-  

icant differences between chemical data from ground water from the two 

fracture systems. Therefore, Ho is rejected i n  favor o f  Ha. 

Differences i n  Chemistry Associated 
w i t h  the Two Fracture Systems 

Sta t i s t ica l ly  i t  has been demonstrated that the chemistries 

associated w i t h  these two systems are  significantly different. 

characterist ics of the two geothermal systems are apparent on graphical 

The 
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plots of the chemical data. Two graphical techniques were employed using 

the da ta  from the geothermal wells: 

logrithmic plots. 

selected irrigation wells. The construction of these particular diagrams 

are discussed i n  Hem (1970) and Zaporotec (1972). 

S t i f f  diagrams and Schoeller semi- 

S t i f f  diagrams were also constructed for monitor and 

S t i f f  diagrams are constructed by plotting i o n  concentrations i n  

milliequivalents per l i t e r  (meq/l). The major cations are plotted 

opposite the major anions. The result i s  a graphical display of chemical 

data .  Waters of the same chemical type w i l l  have the same pattern. Con- 

versely, waters o f  differing chemistry w i  11 have a quite different pattern. 

S t i f f  diagrams for the seven geothermal wells are presented i n  Figure 7.  

Comparing the patterns produced for each well, i t  i s  obvious t h a t  

a l l  o f  the patterns have a similar shape. 

factors. 

w i t h  the same rock type. The sediments f i l l i n g  the valley have a l l  been 

derived from the surroundi ng mountain ranges. 

therefore be expected within the sediments t h r o u g h o u t  the valley. 

second cause for this  similari ty i s  due t o  the overwhelming dominance of 

Na' and C1- as the main cation and the main anion in bo th  geothermal 

systems. The other ion species are much less dominant  and as a result  

the shape of the patterns i s  controlled by the concentrations of Na* 

This i s  due t o  two major 

F i r s t ,  both  waters have been, and presently are, in contact 

Simi 1 ar mineralogy would 

A 

. and Cl-. 

The major differences in chemistry between the two fracture systems 

can also be seen on the diagrams on Figure 7,  The geothermal f luids in 

the Bridge Fault System have much lower concentrations o f  Na', C1- and 

Cat* t h a n  those associated with the Narrows Structure (see Table 5 ) .  
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Figure 7. S t i f f  diagrams o f  the seven geothermal wel ls  a t  the Raft  River KGRA. 
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Minor ions w i t h i n  the two systems tend to  dissapear on these diagrams due  

t o  their  relatively low concentrations. 

are more easily distinguished on Schoeller semi-logri thmic p lo t s .  

Differences i n  these minor ions 

Schoel l e r  semi-logrithnic plots are constructed by p l o t t i n g  various 

ions species along the ari thnatic scale of semi-logrithmic graph paper. 

Corresponding ion concentrations i n  meq/l are plotted along the logri thmic 

scale. 

S t i f f  diagrams. 

well. 

has been shown on both diagrams f o r  comparison. 

A pattern develops for each chemical type o f  water as w i t h  the 

Schoel l e r  plots have been constructed for  each geothermal 

Well RRGE- The resulting plots are i l lustrated i n  Figures 8 and 9. 

i- This graphical technique also shows the dominance of Na and C1-. 

A somewhat similar pattern develops for each well. 

between fracture systems can be readi ly distinguished as d i  scussed above. 

The chemistries for wells RRGE-1, RRGE-2, and RRGP-5 are nearly identical 

with only s l ight  variations occurring i n  the minor constituents. 

definite change i n  chemistry is indicated between these fluids and those 

associated w i t h  well RRGE-3. Wells RRGI-6 and RRGI-7 have somewhat 

different chemistries from ei ther  of the fracture systems. 

stratigraphically above and located too far south and east t o  ref lect  the 

specific chemistry of e i ther  o f  the two major systems. 

these two wells are probably par t ia l ly  derived from the Narrows Structure 

due to ,  leakage b u t  are significantly modified by ion exchange reactions 

occurring i n  the sediments a t  a shallow depth. 

altered by the comingling o f  f l u ids  from different producing zones. 

Well RRGP-4 ref lects  a fluid niix of the two major systems. 

The differences 

A 

They are 

The fluids from 

These fluids are also 
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Figure 8 .  Schoeller semi-logrithnic plots  for wells RRGE-1, R R G E - 2 ,  
R R G P - 5 ,  and R R G E - 3 ,  Raft River KGRA. 
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Figure 9. Schoeller semi-logrithmic plots for wells R R G E - 3 ,  R R G E - 4 ,  
RRGI-6, and RRGI-7, R a f t  River KGRA. 
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Dissolved constituents associated w i t h  the Bridge F a u l t  System are 

much lower than those i n  the Narrows Structure (see Table 5 ) .  

ference i s  probably best explained by the fact  t h a t  the Bridge Fault 

System apparently transmits fluids more readily t h a n  the Narrows Structure. 

This would allow for  reactions t o  progress further between the rock and 

fluid i n  the Narrows Structure resulting in a more concentrated solution. 

This d i f -  

Affects of Geothermal Fluids on the 
Intermediate and Shallow Aquifers 

Interconnection between intermediate and shallow aquifers has been 

demonstrated by the response of monitor and irrigation wells t o  production 

and injection tes t s  of the deep wells. This relationship is  also apparent 

when the chemical data are examined. 

Nearly a l l  water from shallow and intermediate d e p t h  wells in the 

vicinity of the geothermal s i t e  ref lect  the chemistry of the deep geo- 

thermal systems. MW-1, MJ-4, MW-6, and USGS-3 are a l l  moderate d e p t h  

wells (1000-1400 feet or 300-420 meters). The water from these wells 

closely resembles the geothermal f l u i d s .  MW-2, MW-3, W-6, USGS-2, and 

the Crook and BLM wells are shallower (387-800 feet  or 120-240 meters) 

b u t  they s t i l l  show the influence of the geothermal fluids. Other 

irrigation wells i n  the vicinity of the geothermal development area 

also. show th is  characterist ic chemistry. 

S t i f f  diagrams were constructed for  a l l  of the above mentioned 

wells. The resulting patterns are shown in Figures 10, 11 and 12. 

i s  obvious tha t  the waters in these wells are Na C1 dominated as are 

the geothermal fluids.  The deeper wells ref lect  a Chemistry tha t  i s  

nearly identical t o  the geothermal fluids. 

I t  

Some of these wells produce 
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Figure 1 1 .  S t i f f  diagrams for three of the USGS wells i n  the vicinity o f  the Raft River KSRA. 
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Figure 12. Stiff diagrams f o r  selected i r r i j a t i o n  wel ls  i n  the 
v i c i  n i  t y  o f  the Raft  River KGliA. 
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water that  has a greater ionic strength t h a n  the deeper fluids. 

occurs as the hot geothermal fluids encounter sediments that are younger 

and less compact as they move upward. 

abundance of unaltered minerals available for  reaction w i t h  the hot  

fluids. 

This 

As a resul t ,  there i s  a large 

The water i n  most of these wells most closely resemble the geo- 

thermal fluids produced i n  the Narrows Structure. 

due t o  the location of the wells (see Figure 3) .  

i n  Na', C1- and have higher Ca++ concentrations t h a n  the Bridge F a u l t  

System fluids.  The waters i n  USGS-3 more closely resemble the Bridge 

Faul t  Sys tem, however. 

This would be expected 

These waters are h i g h  

S t i f f  diagrams were constructed for i r r i g a t i o n  wells i n  the vicinity 

The resulting patterns are displayed i n  Figure 13. o f  the geothermal s i te .  

I t  i s  obvious t h a t  there i s  a definite chemical difference between these 

waters and those associated w i t h  the geothermal system. 

dominant anion, however, Na becomes less dominant i n  the southeasterly 

direction. Ca" eventually becomes more dominant t h a n  Na'. 

i n  part  t o  an increase i n  calcium rich carbonate rocks. 

COP available in  the water which expedites the dissolution of CaC03 and 

CaMgC03 since these wells are usually very shallow. 

C1-  i s  s t i l l  the 
+ 

This i s  due 

There i s  more 

Several shallow wells located i n  the central geothermal development 

area show l i t t l e  o r  no influence from geothermal f l u i d s .  

t o  be only s l ight ly  affected by geothermal f l u i d s .  

b u t  i t  i s  a much more di lute  water. MW-5 also demonstrates this behavior. 

This well i s  500 feet  (150 meters) deep and has a chemistry more indica- 

t ive of the shallow irrigation wells located further t o  the east. 

USGS-2 appears 

I t  i s  NaCl dominated 

Both  
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Figure 13. S t i f f  diagram for selected irrigation wells not affected by 
geothermal fluids i n  the vicinity of the Raft River KGRA. 
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Figure 13. Continued. 
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o f  these wel ls  a r e  located near other wel ls  which r e f l e c t  the presence 

o f  upward m i  g r a t i  ng geothermal f l u ids .  

USGS-1 i s  located approximately two mi les northeast o f  RRGE-2. 

I t  appears tha t  t h i s  we l l  i s  receiv ing f l u i d s  f rom Bridge Faul t  or a 

f a u l t  associated w i t h  the Bridge Fault. 

west o f  t h i s  we l l  along the eastern f lank  o f  the Jim Sage Mountains. 

These f a u l t s  are nearly pa ra l l e l  w i t h  the Bridge Fault.  

the pat tern produced when the chemical data from t h i s  we l l  are p lo t ted  

on a S t i f f  diagram. 

by the geothermal f l u ids .  

associated w i t h  USGS-1 w i t h  respect t o  the Bridge Faul t  f lu ids .  There 

i s  also an increase i n  Mg+2 i n  these waters. This most probably i s  due 

t o  increased d i sso lu t i on  o f  c a l c i t e  and dolomite i n  the  shallow aquifers. 

This we l l  i s  on ly  cased t o  283 fee t  (85 meters) The temperature i n  t h i s  

wel l ,  2 9 O C  (84"F), i s  fur ther  evidence tha t  there i s  probable mixing of 

geothermal f lu ids  and shallow waters. 

Several f a u l t s  have been mapped 

Figure 11 shows 

The pa t te rn  i s  remarkably s im i la r  t o  those produced 

There i s  an increase i n  Ca" i n  the water 

The data f r o m  USGS-1 are s i g n i f i c a n t  i n  tha t  they demonstrate the 

possible extent o f  the geothermal resource. 

thermal a c t i v i t y  i n  the Bridge Faul t  System extends t o  the  northeast f o r  

a considerable distance. More de ta i led  work i s  needed i n  de f in ing  the 

actual extent o f  the geothermal resource. 

It appears t h a t  the  geo- 

Well 26E 26cabl i s  located about one m i  l e  southwest o f  RRGE-1 and 

one m i le  west southwest o f  RRGE-3 (see Figure 3 ) .  The chemistry o f  t h i s  

we l l  indicates t h a t  there i s  some mixing occurr ing with geothermal f l u i d s  

(see Flgure 12). It I s  an NaCl dominated water. This dmlnance i s  

markedly reduced from that  seen I n  the geothermal t l u l d s  o r  the waters i n  
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the wells located nearer the intersection of the two major fracture 

systems. Further west and south, well 26E 27dccl also demonstrates 

this  same characterist ic chemistry b u t  to an even lesser degree than 

well 26cabl. 

Figure 14 displays the spacial distribution of geothermal influence 

throughout the valley. S t i f f  diagrams have been plotted for  nunerous 

wells. These include geothermal, monitor, and irrigation wells. T h e  

area influenced by geothermal fluids i s  readily discernable. The pre- 

dominance o f  the geothermal systems appears t o  diminish i n  a southerly 

direction. This i s  evident both to  the southwest and southeast. This 

occurrence could result  from several factors: 1) i t  i s  possible that  

the resource does not extend southward, 2 )  sufficient fracturing may 

not be present to  the south to  allow the geothermal fluids t o  migrate 

upward, and 3)  the geothermal resource may exis t  in this direction b u t  

existing wells in the area are not deep enough to encounter the resource. 

More data are needed t o  adequately define the southern l imit  of the 

resource. 

Movement of Geot hemal F1 ui ds 

I t  is evident t h a t  there are two major fracture controlled geo- 

thermal reservoirs within the Raft River KGRA based on reservoir testing 

and s t a t i s t i ca l  analysis of hydrochemical data. The direction of flow 

within these fractures i s  not known. 

fluid movement may be from northeast to  southwest along the Bridge F a u l t  

Chloride values might indicate t h a t  

System. 

water systems. 

Chloride tends to increase i n  the direction o f  flow i n  ground 

C1-  increases in the Bridge Fault System from 600 mg/l 
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i n  w e l l  RRGE-2 t o  880 mg/l i n  w e l l  RRGP-5. 

t r a t i o n  o f  750 mg/l.  

i n  the  absence o f  data on hyd rau l i c  p o t e n t i a l  can on ly  be taken as 

con jec t ive .  

due t o  the  l ack  o f  data po in ts  i n  the  system. 

Well RRGE-1 has a C1- concen- 

In te rp re ta t i ons  o f  f low d i r e c t i o n  from chemistry 

No f low d i r e c t i o n  can be postu la ted f o r  the  Narrows S t ruc tu re  

Water o f  near ly  the  same chemical composit ion enters the  two 

f r a c t u r e  systems. The Br idge Fau l t  System i s  be l ieved t o  have a h igher  

hydrau l i c  conduc t i v i t y  which f a c i l i t a t e s  much more rap id  f l u i d  movement 

than the  Narrows Structure.  

i n  the  Narrows S t ruc tu re  may be more concentrated due t o  a longer  residence 

time. 

the two f rac tu re  systems. 

As a consequence, the  i o n  concentrat ions 

This s imple hypothesis may exp la in  the  vary ing  chemist r ies between 

The geothermal f l u i d s  appear t o  be conf ined t o  r e l a t i v e l y  narrow 

bands c o n t r o l l e d  by s t r u c t u r a l  features.  

the  Br idge Fau l t  System are conf ined t o  a f a i r l y  narrow band ( ~ 1  m i l e )  

t rend ing  p a r a l l e l  t o  the  s t r i k e  o f  t he  f a u l t .  Upward and l a t e r a l  move- 

ment of the  geothermal f l u i d s  occurs most r e a d i l y  a t  o r  near the  i n t e r -  

sec t i on  o f  the  two major s t r u c t u r a l  features. The l a t e r a l  movement o f  

water i s  exce l le ra ted  by the  heavy punping o f  t he  shal low i r r i g a t i o n  

we l l s  i n  the  v i c i n i t y  o f  t he  geothermal development. The geothermal ' 

f l u i d s  do no t  appear t o  have migrated l a t e r a l l y  great  distances i n  any 

d i r e c t i o n  from the  developed area. The heavy l i n e  on F igure 14 dep ic ts  

a rough boundary o f  t he  area in f luenced by geothermal f l u i d s .  

The f l u i d s  associated w i th  

A plwne o f  geothermal f l u i d  mixed w i th  shal low meteor ic water 

extends t o  the  southwest along the  Narrows S t ruc tu re  f o r  a t  l e a s t  two 

mi les.  The l a t e r a l  movement o f  the  geothermal f l u i d s  t o  the  east  does 
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n o t  extend more than  a short distance beyond MW-6. Well 15S/27E 7dbcl 

i s  located approximately three miles sou th  of the injection well area. 

The chemistry o f  th i s  well does not  exhibit  any evidence o f  mixing with 

geothermal f lu ids .  

t o  the south less  than three miles. Geothermal f luids  extend northeast- 

ward along the Bridge Fault System for  considerable distances. 

strongly re f lec ts  the chemistry of the deep geothermal f luids .  

I t  i s  concluded t h a t  the geothermal f luids  extend 

USGS-1 

. .  
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CONCLUSIONS AND RECOMMENDATIONS 

The f o l l o w i n g  conclusions can be drawn based on an examination 

o f  a v a i l a b l e  hydrochemical data i n  and near t h e  Raf t  River  KGRA. 

1. The data produced by the  INEL, IDWR, and USGS l a b o r a t o r i e s  

are o f  good q u a l i t y .  Data from the  RR and E1 l a b o r a t o r i e s  

are questionable. 

2 .  The adjusted data i n  Appendix C i s  more i n d i c a t i v e  o f  the 

waters w i t h i n  the  Raf t  River  KGRA than the  raw data l i s t e d  

i n  Appendix A. 

3. Analysis o f  hydrochemical data support the  hypothesis t h a t  

there  are two separate geothermal r e s e r v o i r s  i n  the  R a f t  

River  KGRA, 

and the  o t h e r  w i t h  t h e  Narrows Structure.  

4. The d i f fe rences  i n  chemistry between the  two major f r a c t u r e  

systems are main ly  due t o  residence t ime o f  the f l u i d s  i n  

t h e  f ractures.  The 8r idge Fau l t  System t ransmi ts  f l u i d s  

much more r a p i d l y  than t h e  Narrows St ruc ture  and has a 

lower concentrat ion o f  d isso lved const i tuents .  

The geothermal f l u i d s  move upward along f rac tu res  and 

l a t e r a l l y  through t h e  upper sediments. A plume has resu l ted  

which extends f o r  some d is tance along t h e  Br idge Fau l t  

sys tern 

One i s  associated w i t h  the  Br idge F a u l t  System 

5. 

The recommendations given below are d i  rected toward two t o p i c s  : 

a) t h e  q u a l i t y  o f  t h e  data produced by the  a n a l y t i c a l  labora tor ies ,  and 
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b )  future d r i l l i n g  a t  the Raft River KGRA. 
, 4  i i  

1. The adjusted data i n  Appendix C should be used f o r  fur ther  

s t ud i es . 
The data produced by the Energy Incorporated (EI) laboratory 

~ r - -  

. .  

-.. 2 .  

qual i ty  control. 

Further exploratory d r i  11 i ng o f  s ha1 low t o  i ntermedi ate 

d e p t h  should be undertaken to  accurately del ineate  the 

extent of  the geothermal system. 

I f  a new geothermal well i s  t o  be d r i l l e d ,  i t  should be 

located along the Bridge Fault System t o  the northeast 

5. 

6. 

o f  the present wells. 
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