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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
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FOREWORD

Protection of the environment requires effective regulatory

f“kactions which are based on sound technical- and scientific infor-~
. mation. . This information must include the quantitative descrip- -

tion and linking of pollutant sources, transport mechanisms, in-

: “ﬁ\‘teractions and resulting effects on man and his: environment Be-
= cause of the complexities ‘involved, assessment of specific pol-

" lutants in the environment requires a total systems approach which
transcends the media of air, water and land,.  The Environmental

hi-uonitoring and. Support Laboratory-Las Vegas contributes ‘to the

{Q;formation and enhancement of a sound monitoring data. base tor R
"exposure assessment trrough programs desxgned to e

. develcp and optimize systems and strategies for
monitoring pollutants and: their impact on the
! environment S L

:4-f demonstrate new monitoring systems and technologies L
- by applying them to fulfill special- monitoring needs_
“~; of the Agency s operating programs L , o

- This foport is the second in a series of five reports cover- e
ing the follow1ng subaects._:~' o ,

"flc baseline geotechnical data for four geothermal areas
in the United States- _

e igsubsurface environmental assessment of geothermal
',development . , .

oa guide for decision makers 2
”-;f‘a pollution control technology guidance manual

i é”n groundwater monitoring methodology for geothermal
’g developments : : .

The first two reports cover the baseline. data’ necessary for'

, f;’thé development of the fifth report which will contain the strat-
‘egy for monitoring change in groundwater quality as a result of

n any geothermal resonrce development conversion and waste disposal(

TR




, Thethird report w1ll be a guideline for thoee persons A
charged with responsibility for issuing permits for geothermal - AT

‘ »exploration, development :conversion gZnd waste. disposal. B - %,
,- " The fourth report will cover justxfication of ‘the need, by _ ' ? S
‘way of regulatory or anticlpated regulatory requirements, for cob e
Q,control ‘'0of constituerits of raw wastes and ‘a description of. waste :

.econtrol technology alternatives.‘

v For further informatlon on these reports, contact the.- -

"Auonitoming Systems ‘Research and Development Division of the _

. »4Env1ronmental Monitoring and Support Laboratory, Las Vegas,.
R Nevada.f e

H. Morgaé 4‘jﬁ."ﬁ,j D R
: - Director- : S
Env1ronmenta1 Monitoring and Support Laboratory o
. . A Las Vegas , v B

- i
,’1W
S S

=N




;theysers, California; Klamath Falls, Oregon; and the ‘Rio Grande
;;”let Zone, New Mexico; including information on locatlon, area,
‘depth,’ temperature, fluid phase: and’ composition, resource base

,'y; ment evaluates: ‘potential. groundwater degradatlon, seismicity and
. -subsidence. A general dlscu551on on' geéothermal systems, pollu— . 7=

;1fienv1ronmental effects of geothermal water pollutants is preSented bl
*W;as background materlal.‘ R ‘ ST

'1{1ty and location data for geothermal and nongeothermal wells in

- 'ABSTRAC'I'

g

Geothermal systems are descrlbed for Imperlal Valley and The“

. and status of development. The subsurface environmental asseas- -

T SR

o

- tion potential, chemical chiracteristics of geothermal fluids and

I

" For the Imperial Valley, arl publxcly avaxlable water qual—

. and near the East Mesa, Salton Sea, Heber, Brawley, Dunes and - - . .
- Glamis KGRAs have been complled and plotted . -The- geothermal
'i‘flulds_whlch will be reinjected range in salxnlty from a few

thotisand to more than a gquarter million ppm. Although Imper1a1

Valley is a major agr1cultura1 center, groundwater use in and '

[ R S
%

G near most of these KGRAs is minimal. ' Extensive sexsmicxty and - S

3f;subsxdence monitoring networks have. been establlshed 1n thls area‘
: of hlgh natural sexsmxcxty and snb51dence.1~»’ : _ o .

o The vapor-domxnated Geysers geothermal field ls the largest
;gelectrlcmty producer in' the world. . Groundwater in this mountain-
" ous region flows with poor hydraulic contlnulty in fractured rock.

3 " Ground "and surface water qualmty is generally good, but high

. boron concentrations in hot springs and geothermal effluents is . - | }?

¥~f4"of significant concern; however, spent condensate is" relnjected.-,
- ioHigh microearthquake activity is noted around the geothermal = =
‘:Q,reservoxr and potentxal sub51dence effects are consxdered mxnimal.

In Klamath Falls, geothermal flulds up to 113 C (235 F) arev”

ul'?ensed ‘for space heatxng, mostly thtough downhole heat exchangers.V*i

.f&fevalles Caldera’ is currently of primary interest. Injection of
. geothermal effluent from hydrothermal production wells should
- 'remove any hydrologic hazard due-to some. potentially noxious con- -

;leith only nminor, relatlvely benign, geothermal fluid being pro-i. “fgmﬁf::e
‘[duced at the surface. Seismicity is low and is not expected to SRR
fﬂlncrease.v Subsidence is not recognized. R S

§ 2

of all qeothermal occurrences - in the Rlo Grande Rift. the

.- 'stituents. MWaters circulating in the LASL Hot Dry Rock experi- ..
." . ment are potable. Seismic effects are expected to be mxnlmal. o B
‘]5Subsxdence effects could develop. . ‘ _
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.. SECTION ONE -
" cmmm CONSIDERATIONS
1 Imonucnon

- Thls is “the second in a senes of reports concermng thev
- environmental assessment of effluent extraction, énergy con-.

version and waste dlsposal in geothermal systems. The: primary B
‘obJect:Lve of the study 'is to. prov1de the U.S. Environmental

Protection- Agency (EPA) - with' a monitoring approach to detect
any ground water. pollutlon caused by geothermal resource devel-
: opment. This approach is expec‘;ed to .serve as a model for

< monitoring any geothermal ‘area. ' An important part of this study
.~ involves subsurface env1romnental impact assessment of geo-

- thermal development in four areas: Imperial Valley-.and The -
Geysers, California; Klamath Falls, Oregon; and the Rio Grande

'Rift Zone, New Mexico (Fig. 1.1).. Each of these areas is repre-
sentatlve of a: d1st1nct type of geothermal system.  The Imperial

-~ Valley is representative of an intermediate to high temperature,.i_".;, )

iv  liquid-dominated = system; The ' Geysers, of a vapor-dominated
. system; Klamath Falls, of a low temperature, liquid-dominated

system; and Rio Grande Rift, of a hot dry rock system, and a
h:.gh temperature, lzquld-domlnated system. o L

L »'rhe f:.rst report :m _this senes prepared by Geonom:.cs,'
~Inc., is titled "Baseline Geotechnical Data for Four Geothermal

. Areas in the United States" (in press). That report includes

.~ ~compilation and assessment of baseline data on geologic, hydro- -
~-logic, climatic and seismic conditions, ‘as they pertain to .|

- potential subsurface environmental impact, in each of the four

-~ geothermal areas mentioned ‘above. The present report defines, -
. within the. limits of available data, the: geothermal systems and

potential subsurface environmental impact of geothermal energy

development in each of the four .areas.  From the data base

prov1ded by these assessments, a monitoring system will be

‘ des;gned,' 1mplemented and evaluated at -one of the four areas. i R

1 1 1 ObJectLves

The objectives of the overall st.zdy are to acquxre andk

‘n::j:;f:‘;;en.alyze data for the purpoSes of:

..aa,; 1dent1fymg pollutants as a result of geothemalzf"",
: development : e e _ C
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T envxronment, o

b operzting facilities,
k '/-"des:Lgm.ng a groundwater monltorlng approach that w1ll~
. ané conversion facility, and

e. 5 applylng the methodology to a ‘celected ‘site and cper-
'atz.ng the system to verlfy 1ts appllcabxllty -

The pr;unary emphas:.s is on the ‘environmental effects of

- f,Changes in the groundwater reglme. both chemical and hydrauhc,w
as . a result of geothermal resource utilization. The environ-

‘ :,dentlfya.ng pathways ,':}’mto»" “the ‘_undergr‘ound? w#iater"

. 1dent1fy1ng ecologlcal »haza:.ds 1nvolved Wlth long-term_'

- be apphcable to any geothermal resource development '

“‘meatal “effects to ‘be considered are potent1a1 ‘groundwater'._y__'_ e

,,:;-;po11ut10n, subsidence and induced seismic events, which ip turn
may affect the ecology and soc:.oeconomlc condluons of the area. _

i 1. 2 Scope of Invesmgatlon

v

'.l'he scope . of WOrk is outllned in f:.ve tasks to be accom-

. plished in three. stages.. ‘Stage "1 is an assessment stage that .
' includes Tasks 1 ‘and 2. Task 1 .defines the geology, hydrology,v

climatology and selsm1c1ty of the four geothermal © areas, ‘in-

" cluding identification of aquifers. Task 2 defines the various '.' o

" geothermal systems and. quantifies the pollutants from geothermal
' resources. developmént, mcludmg phase of the produced fluids,
" 'subsidence poss1b11$.ties, seismic. effects, fluid dlsposa'l meth-

‘ods and thermal losses, and their possmle effects on the ground.

~‘water of each area.. Th:.s report is the result of the ‘Task 2

o 1nvestigat10n.

e Stage II is a deszgn and research stage that 1ncludes Task
SR ,3, result:mg in the design’ of a groundwater monltormg system ,
. ,-for one of the four areas. : , . R L

2

Stage III :mcludes Tasks 4 and 5 and is a’ .-:,rround\'aag;ar

"_;*,5:monitor1ng ‘analysis and evaluation’ stage, Task 4 involves - .
‘.;:.mplementatron and operatlon of- th.e monitoring program under the -’

-~ divection of the Project Officer. ' Recommendations for improve-

..ment in the momnitoring. plan w111 ‘be incorporated into Task 5.

. “As a- result of the experience: ‘in designing and operatmg a oo

IR momtormg system, recommendations for a general ~groundwater. - -
__.Wmomtormg ‘methodclogy that will be most apt to meet the re- |
~quirements of any geothermal rescurce development w111 be the

"”ﬂ‘culmnat:.on of Task Sein
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o lv.l..‘lf" _‘ Subsurface Envifonnientévlr:lmpacf‘ Report -

thermal' areas. This second (Task 2) report defines the geo-
thermal systems in each area. To the extent that data are
available, the definition o the system includes location, area,
depth, temperature, phase of fluid, chemical composition of
. fluids, -estimated resource base and recoverable heat. reserve,
“the status of field development, projected development, existing
well data and anticipated operational problems. - Another aspect

- ‘pollutants in the geothermal effluents. from each' of the four
- areas. = The third aspect of Task 2 is to assess, within-the
© limits of available data, the potential subsurface environmental

.. areas.. Tne so-called “subsurface" environmental impact study
.. considers -timely underground . environmental  factors such as

but aboveground envirepnmental factors such. as chemical and
~ground surface. This study specifically excludes consideration
-of aboveground environmental factors such as air and noise pol=-

~ thermal pollutants..

‘gram can be formulated for each of the four geothermal areas,

" . 1.2 BACKGROUND

- gteam, was operated at Larderello, 'Italy, in 1904.  The first

: . the United States in the 1960s. Suddenly, in the 1970s, geo-
- thermal energy development became an important goal in national

- total geothermal electrical power capacity in the world had

‘- States, the present generating capacity of geothermal electrical

S power s 502 MW. The goal of the U.S. Energy Research and . «"
- Development Administration (ERDA) is to achieve a minimum geo- -

The .firét' (Task 1) report (Geonomics, in press) of this
study considered baseline geoteclinicel data on the four geo-. -

" of ‘Task -2 is the identification and quantification of potential

groundwater ' quality and seismicity, but also some near-surface - S

thermal pollution of surface water bodies and subsidence of the

and more important, a general monitoring strategy can eventually -
‘be ‘_,dgveloped ,that.‘_;’will be ‘applicable to any geothermal area. .

e o Geothermal resources ‘are a ‘relativelly new source of energy.
.~ The . first electrical power . generator, ‘utilizing geothermal -
. _geothermal power plant was established at the came rite in 1913.

S New Zealand began harnessing geothermal energy for electricity
. in the 1950s. The next major development was at The Geysers in

.planning in many countries.' This turn of events was precipi- .
s tated by the "energy crisis" of the early 1970s. By 1976, the

-+ reached 1,325 MW, the new geothermal.electrical power producers .
.. being Mexico, Japan, El Salvador and the U.S.S.R.  In the United -

© .7 thermal electrical power capacity of 6,000 Mw by 1985 and more -
. than 20,000 MW by the year 20001111."‘1.1'3 United States. ‘

A

- impact of  geothermal resource development in each of the four-: - i

'.”lutl:.on. The remaining facet of Task 2 is consideration of the = :
" available and anticipated technologies of disposal of the geo-

Based on the Task 1 and Task 2 reports, a monitoring pro-




“immemorial.

- impacts.
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.1 2. 1 Legislative and Regulato

S i ey S g

While e1 ctrical pQWer product,on from geothernal resources

“is a relatively new industry, geothermal steam and hot water

have been used in various forms ip many countries from time

uses of geothermal energy.’
by geothermal energy has been in use for several decades in .
Klamath Falls, Oregon, and Boise, .Idaho. The growing shortage

‘..of natural gas is expected to cause a rapid increase in the :

" ‘utilization of low-grade geothermal heat.for direct heat uses,:,, _
.. the high-grade geothermal resources being lucrative sources for’%dV
- electric power production._ L i : et v

It is interesting to note that although geothermal water g
has been used for therapeutic purposes: for milYennia and as ga-

- ‘energy source for decades, not until the 1970s has any Serious
~econcern been expressed about its possible adverse environmental.
“Traditional belief in- the therapeutic value of natural *
_hot water may have delayed concern- about environmental impliea- - -
"tions of geothermal development. The expansion in geothermal
- .capacities and volume of hot water use has.coincided, however,
» with the new env1ronmenta1 consciousness of the past decade.~

Environmental 1mpact data relevant to geothermal resource

'development are sparse, since there are only three sites in the -
. world (Lardarello, Italy; Wairakei, New Zealand; The Geysers,

43 ULS.Al) with a significant histary of geothermali power genera- .
~.tion.. The existing data on the nature of pollutants in geo-

thermal fluids are inadequate, considering their extreme diver-;
sity in chemical composition. (see section 1.3.3). However, '

. effort has begun in earnest during the last few years to collect S
Lo ddata on geothermal fluid pollutants and their effects on the: - -
-~ “environment. Considerable research is also being carried out to
~improve technology and to develop ‘new methods to’ cnntrol pol-:»

lution due to geothermal fluids, - Research and devulopment

. programs are _being sponsored by government agencics suzh as EPA j
- and ERDAj resource companies, utilities, etc. o
5.;!awareness of the late 1960s and 1970s has given birth to impor- .
Lo tant . legislation, at both federal and state levels, to safeguard
.. ‘the environment. Most of these regulations do not specifically
-+ -address geothermal pollutants they nevertheless have a strong
o impact on. the geothermal industry as discussed in ‘the following
‘section.~ : : , ,

Aspects

The following federal laws and regulations applying to all

i“‘industrial development are. also relevant to the geothermal ;
*‘_'iudustry SR S g L o -

g For example, the use of geothermal water for -balne-.
~ .- ological purposes has been popular in many parts of the world
- since biblical times. ' More recent nonelectrical uses of geother-
.~ mal energy include space heating, process heating, greenhouse
“joperat)on etc. A number of countries, for example Hungary and
. Iceland, have developed considerable capacity for nonelectrical - = .
In the Uniicd States, space heatingff;- L

‘The - nnvironmental':




L L T L e Nationél ‘shvironine;ntal ‘Policy Act (1969)
5 P o 2 E‘Clean An:' Act as amended (1970) ) '

: 3 - Federal ‘Water Pollutlon Control i\ct Amendments (1972)
f 4.f§fNolse Control Act (1972) _ - o

._‘, _Ha.clne Protect1on, Research and rctuar.a.es Act (1972)

LW].ldorness Act’ L

 Fish and W:lellfe Coordlnatlon rot

.f?_"’iEndangered Syec:.es Rct (1973)

T IR ST
. . %

;Q°f5afe-nr1nk1ng,water Act (1378)
10;_' - Resource Conservatlon and Recovery Act (1976)
11., /:‘TOXIw Substances ‘Control Act (1976) - o

: " Most of these laws prov1de -for and encourage reregation of
:. enforcement ' power ‘to ‘the: state, and sometimes to the 1local

government level, upon satisfaction of. certaian requiremrnts. -

) Three cther federal laws. concerned. wholly or 1. part with geo= .

i -thermal energy development have some bearlng on t.he environ- -

"mental impact aspects. 'rhese hws are:
| *fy‘l Geothernal Stean Ac: (1970"'

' 2 Federdl Nonnuclear Bnergy Research and Developmer.t Act
o ,',(1974) i g S A

ol 3 'Geothermal L‘rergy *tasearcm and Development Act (1974)

ylzsted earlier is. beyor'i “the scope of ‘this ‘ report.. Besides
..~ these federal laws, the state and local yovernments have the'r .
~ own laws and regulation:. Most of these regulations are closely
“related to and implemeat. federal regulations. These state and
““local regulations may 1 pose more restrictions but caanot. reduce
~ the’ restnctions placed ‘on pollutant discharges and emissions by
" federal rules. It should be noted that as yet there are no

.. federal discharge and emission -standards for geothermal pol~ ;,'_
7 lutants. As a result, some of the states are developing stvin-
- ‘gent and perhaps- arbltranly restrictive regulatmns on accept-.

. able pollutant levels in dlscharges or emissions from geothermal -

operations. - Diverse -requirements.' by various political Juris-" ot .

‘dictions may unduly increase the' ‘cost and reduce the pace of

- A diseussxon of the pronsons of tl-ese laws and those G

- developmént of geothernal energy. E EPA, .m cooperatxcn with the SR




-~ private organizations..
" becomes - well establlshed

Intexagency Geothermal Coordlnatmg Comnuttee
“thermal = Advisory Council),

J’“fl 3 GEOTHERMAL SYSTEMS

“‘Eventually,

“Mexico, ‘Japan,

' _gpace heating.

mally high pressure..

. .economic factors: .
./~ of the water in the reservoir, ‘
' depth of wells necessary for. productlon, the type of production -~ .-~ ©
",'and utzllzatlon fac111t1es, operatxng pracedures and pract1ces,,p:_&;;j';;’}

' current state of technology:
S '_' focus on dry .,team and hot water reservo:.rs only

" formation conta:mmg fluids...
. typically where the earth's. crust is thinner than usual, at.the
.+ boundaries ‘of: tectom.c ‘plates, -
. 'recent volcanism. -
" normal geothermal gradxents i

. Under unusual.circumstances,

i ,1 3 1 Geothermal Resource 'Iypes

Of these types of geothermal ‘resources, ,
‘exist’ as “reservoirs," 1mply1ng a body of stored fluid in -the .- .=
pore . space of a subsurface rock formation.
1 water reservo:u:s are those ‘that contain hot water at an abnor- -
: The hot dry rock geothermal resource is a_
. heat resource which may have to be exploited by flowing a fluid-
‘-..v-,-through fractures created art:.f:.cnally in otherwise 1mpermeable :
:+ rock. -Electrical power deneration from dry steam reservoirs has @ #
oo been practlced profitably for 'many years at The Geysers in
" California and at Lardarello,
C generatlon from hot water reservoirs has been amply demonstrated.
“at wvarious places in the world,  for -example,
U.S.S.R., ¥
resources have not been proven commercially feasible at thes . . .
Hence the rest. of this report w1ll

etc.:

Italy.

( formerly - Geo~
o is developing an interim, “recom-
- mendeg@" set of standards for geothermal pollutants (EPA, 1977b).
.. "This set of standards is not to be construed as enforceable, but .
. -as a guideline based on available 1nformatzon and formulated in
‘‘coordination with state environmental agencies and appropriate
as ‘the ‘geothermal industry
- equitable and -legally enforceable

standards for geothermal efflueni-s are expected to evolve. :

e F).ve broad classes of. geothemal resources are usually
. ‘recognized:  hot water, dry steam,

= "geopressured" hot water, hot:
C-dry rock, and magma.

S The following discussion of these classes
f--1s largely extracted from Sanyal (1976) and Chen, et al (1976)
;the flrst three

Geopressured hot

The technology of power .-

New Zealand,

The other types of geothermal

Essantlally, a geothermal reservo:.r s a hot. porous rock :
-Such reservoirs are encountered

‘and in areas of geolog1ca11y

- These conditions give rise to -higher: than-
, ‘making it poss:.ble to extract
commercially useful hot water from a relatively shallow depth.
even an area of normal geothe;....al Ch
. ‘gradient can prov1de water hot enough for some uses, such as -

The ‘definition of an economically extractable -

“‘geothermal resource is. intimately dependent on both physical and
the quantlty and physa.o-chemlcal propertxes
-the dxstrxbutlon. .

guantity and.
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" and costs of alternatlve ‘energy sources in the area. An éco-
- nomic geothermal resource at one place may be cons1dered non-
_1commerc1al at some .other location. . - AR

N "In areas of thln crust,,tectonlc plate boundarles or geo~
"vloglcally recent volcanlsm, mol ten rock "may occur at a rela-
f;-tlvely shallow depth. - Heat is transferred to the overlying -
. solid rock mass by conduction. ‘Percolating surface water be-
. ».comes heated by heat transfer from the rock. This creates large
<.~ scale natural thermal convection cells through the porous rock.-
o Im many geothermal reservoirs a ‘cap rock layer of very low
. vertical permeability prevents the escape to the surface of
. -..ascending hot water. .- In some cases the hot water reaches’ the;
' surface either because of lack of a cap rock or by seepage along - IR
faults, gJ.VJ,ng nse to hot sprlngs,_ geysers, fumaroles, etec. e

Hot Water Reservon:s-- o S : ' ' ,
Fa Thesé reServoirs are so. deflned because 11qu1d water is the*

continuous, pressure-controlling = fluid phase. “.-White -and-
oo Williams '{1975) define a "hot water system" -as having a water:

.+ temperature greater than 150°C (302“5‘) One can infer continu- .
ity of the 11qu1d phase from reservoir: pressuraa distribution and
the abundance of ‘certain chemical constituents that are soluble
in water but have low vapor pressures,- and hence lack signifi-:
: ,cant solubility in low pressure steam. The most critical con-
~stituent in dlstlngulshlng ‘hot water systems from dry steam
systems is the chloride ion. Most metal chlorides have  high
- solubility  imn water and ‘the chlorides are easily leached from
+ ‘most rocks by hot water. These metal chlorides by and large
- have negligible volatility at" temperatures as high as 400°C. - -
+ (752°F), ‘and do not have appreczable solublllty in low pressure
steam. s _ B

R 'rhe vast majonty bf known geothemal systems. are hot water.

_ reservoirs at elevated pressure, and produce steam due to flash- =
o ing.as’ the fluid pressure" drops in the well bore or at. the

- surface.  The steam quality (i.e. the percentage of steam in the - -
.. ‘total ‘effluent) of the well effluent is a function of many -

.. variables: the flow rate, bottom-hole" temperature and bottom-_ SRR
- _hole pressure. of the fluid;: presence of chokes and valves; and .
. the.wellhead pressure. ‘However, ‘the initial" fluid temperature RN
. and. the final separat:.ng ‘pressure are by far the most critical .~~~ 7

- "parameters that determine steam quality at ‘the steam separator.- -
_For example, water flashed to a separator pressure of . 3.51 kg/ . . = = -
. sqg.cm (50 psig). from an initial temperature of 300°C- (S572°F) DERRNEE F
- .-ylelds 33% steam,VZOO"c (392°F) yields 11% steam;' 150°C (302°F) .
~-yields less than 1% steam. The température of hot water reser-
vo:.rs ranges from neat amb:.ent to 370°C (698°F) . o

o HOt water reservo:.rs Renerallv dlsplav hxxzher contents of }
= _'arsenic, ‘boron, chlonde,i’ cesium, fluoride, llthlum, sodium,
“-‘._:ruhidlum, ' and 5111ca than cooler ground yater. Pluggmg

e il i Bt i




'EDry Steam Reserv01rs--- IR ' :
S - These - reservoirs produce’ dry (superheated) steam WIth no.,[
-associated llquldy, Such systems are relatively rare. . So: far. .-
only five major dry steam reservoirs have been def1n1tely iden-
- tified worldwide. - These reservoirs - are located at The Geysers, . . -
- California; Larderello, Italy;. Matsukawa, Japan; ‘Omikobe, Japan; -
~-.~and” Monte Amlata, Italy. These reservoirs are characterized by -
‘. temperatures 1in the range of 220° to 250°C (428° to 482°F) and
?pressures around 35 kg/sgicm (500 psia). . Wells in 'dry steam

‘uof the porespace around well completlon and scallng in the well

i”cbore,, plpes and surface equipment often occur “in hof - water .
.. systems. Silica precipitation is the ‘most important cause of
... these problems because quartz is - the_ most abundant mnatural

mineral and its solubility increases rapldly with temperature.

. Less commonly, calcite, zeolite, sulfides and clay minerals may

also cause plugging problems. - Geothermal waters wlth very hlgh

'ﬂdgor low pH w111 be hlghly corr051ve in some cases.

ﬁreserv01rs normally produce superheated steain with a few degrees

7 of superheat.. Condensate from the steam usually has. very low:
" total dissolved solids (TDS) content. ‘she steam usually shows ,
"low concentrations of chloride (less than 15 Fw-vs per million -
{ppm}) ~and “high concentrations of .boron, ammonia, sulfate and =
. ‘magnesium: 'The steam may contain- a considerable amount of
“noncondensible  gagées  such as hydrogen sulfide and carbon diox-

" ide. At The: Geysers these concencrations may be greater than 5

'ﬁ[ppm for boron, and average 194 ppm for ammonia, 222 ppm for = -
.. ° " hydrogen sulfide and 3,260 ppm for carbon dioxide (Reed andvﬁ
Y %Campbell 1976) (see sectlon 3 on The Geysers) o

' fdl 3.2 Pollutlon from Geothermal Qperatlon :

b'Exploratlon and Development Phases-~'“

el During the exploration, development. and construction phases g
- of a geothermal conversion system, the sources of environmental
. pollution are- 11ke1y to be transient and of minimal consequence - -
2in - the long run. . Such’ pollution may include ‘construction mate--.
.. “'rial  and vegetation debris; -noise, machine exhaust and dust;
2 disturbed soilj waterborne silt, mud solids, drill. cuttings,
" .cement, etc.; and accidental spllls or well blowouts. - Blowouts
' are ‘usually preventable by proper drilling. practrces.. ‘All of
s-the’ types of pollution listed above are minimized by enforcement
"“of state:and federal regulatlons on n01se, solld waste and other’

;jipollutants.

’xi:Product1on and Utlllzatlon Phase--' e : ‘ ST
The main "source of pollution durxng the operatlon of a
- geothermal energy conversion facility is the geothermal fluid
~itself; noise and possible change of landscape are minor fac-
tors... Depending on the nature of the geothermal fluid and. the
‘design cf ‘the conversion facility, the environmental impact may .
f'”range from negllglble to very serlous.. The»pollu ants ;n the :

s
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o fluld are: dissolved and suspended solids, dlssolved and-ent-
‘rained gases, products of chemical reactions between the fluid
and the materlals 1t comes. in contact with, and waste “heat. -

Theoretlcally, env1ronmental pollutlon is prevented if the

- ‘conversion fac111ty is a closed system. In such a system, all
“the fluid is reinjected into’the reservoir after power conver-
- sion (or heat-exchang2, in case of direct heat use) in a closed
loop from the productlon to ‘the injection well. Such closed
' ' . loops can be ‘designed for both binary and flash power conversion
.. systems. - However, high cost ‘or technical problems ‘may make a
. perfectly closed loop 1mpract1cal. At  the other extreme, a
~"complétely open conversion facility can be: designed so that all
~ waste liquid and gases after power conversion (or heat-exchange)7
are released untreated to surface drainage or the atmosphere.
‘Such a_ system potentlally ‘would present the worst possible case - .’
o of geothermal pollutlon. However, the ‘extent of actual pol~
- lution would- depend on the ‘chemical characterlstlcs of the
- geothermal fluid.. In some ‘geothermal reservoirs, the water is
-potable, and consequently, dlscharge of untreated waste geo-
thermal water into surface water bodies might be acceptable. If -
a geothermal fluid must be treated for constituent removal (for
. example, in order to avoid scaling of pipes) prior to. 1n]ectlon,“
“‘a’'considerable amount of solid waste may be created. The solids
. may, at one ‘extreme, have commercial value as useful chemicals.
-At the other extreme such solid wastes may be harmful chemicals
,snbject to con‘-nement and " other regulatory control. oo v.-«.ﬁ

B In reallty, a geothermal COnver51on system will be. some-f;

. where between the extremes ¢ € the totally closed and the totally
- open systems. . The exact extent of pollution of the atmosphere,

land, and surface water bodies will depend on the amount and
- nature  of pollutants in the waste and the rate, volume and
~ " disposal methods.  The amount and nature of pollutants in the
© ' waste will depend on the chemical characterlstics of the geo-
-7 thermal fluid as well as the conversion'’'process. - It must be
¥ .pointed- out that even in:-a completely closed system, there w111' :
... be some thermal pollutlon. a_y o R : :

L  Even if the conversion” system de51gn e11m1nates any dlssfv 3

..a'charge of waste ‘into the aboveground environment,:the possibil-.
ity exists of potent1a1 chemical and thermal pollution of ground ' .

- .-water aquifers durlng 1nJect10n. of waste.  Several p0551b1e_<7j;

- . situations vwhere reinjection of waste geothermal fluid may cause = -

7+ 'pollution  of ground water include the follow1ng potent1al pol—‘oftf
St lutant.pathways or mechanlsms- e , R

1.:_ Well seal or casxng deterloratlon or fallure

‘52.,_yEscape of ‘reinjected fluld through strnctural or"v;-“‘

, stratlgraphlc pathways T
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3, - "Hydrofractunng or conflnmg fomatlons wlth hzgh e

B pressure 1n]ect1.on
' 4. ‘o Acc1denta1 sp1lls oE

5. "Percolatlon from evaporatlon ‘ponds (enhanced by hxgher B
. U—ftemperatures) o o '

6.  Ppercolation from dlscharge of - mlnerahzed flulds
. through surface conveyances EH o

7. .'fchem‘ cal’ mlgxauon due to osmotlc forces

i Well seal deterlorat,:.on or failure would allow fluxds to
o flow vertically up or down the well bore,: depend1ng on where the
- failure occurred. Well casing deterioration or failure would
“allow escape of fluid dlrectly into the: stratigraphic unit

adjacent - to the failure.  This could occur by corrosion or

- shearing of thecasing. At The Geysers, wells drilled on land- -
“ slides have had blowouts when the landslides reactivated and the
downslope movement sheared the well casing. Vert1ca1 movement

i of fluid  up and/or. down the wellbore could occur, again the ‘

. - ‘extent would depend on where_ the failure occurred and the ef-
. ~fect1veness of the 1m.tia1 cement seals._, - .

. Structural and strat1graph1c pathways, such as faults, '
1neffect1ve caprock or buried stream channels may. allow £1u1d to

travel along pathways that have not been previously recognized. - o

Hydrofractunng of confxm.ng ‘formations due to high pressure
"injection may. also create. structural pathways in the .form of
-mlcro-fractures or Joxnts. it : } ‘

cc::.dental sp:.lls at the surface, percolation from evapo-r.,: R

“ 'ratlon ponds, or percolatlon or leakage from surface conveyances::
‘would entail similar pathways. ~The fluids would percolate from

N the surface dowaward directly into the nearer surface aquifers.

A spill, ‘if not contained, would also dxscharge flu:.d dlrectly
to surface streams, lakes or canals. : L R il '

.

IR - Osmotic forces can cause slow mgratlon of chemlcal con-g KER T
e st:.tuents of the waste: flu:,d to a ‘groundwater aqulfer through: -

- an intervening caprock, which may act as an osmotic: membrane.
However, pollutxon due to this effect is ant:.c:.pated to be s

; ‘extremely nu.nor and 1ns:.gn1z1cant. P

1 3 3 Chem.cal Characterlstncs of Geothemal F1u1ds

* The chemicel charactenstlcs of geothermal flu:.ds vary over

' a wide. range, .in both the number of chemical species and their

" L "concentratlons. ‘For ‘example, TDS. range from about 50 to 368,000 . .
. ppm and pH from 2 to 10 units. ' From the environmental impact ...
po1nt of v:.ew. the gsothermal waters can vary 1n character from - -
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fluid characteristics may vary from one reservoir to another,

from one well to another in the same reservoir, and with time in -

the same well.

- " - The geographical variation in the chemical characteristics
-~ may be attributed mainly to variation in the nature of the -
* . pubsurface rocks, temperature, and distance ‘from the source of
. recharge, if any. The temporal variation in ‘the chemistry of .
. geothermal fluids at a particular. site can have ‘a number of . -
_‘causes, the most. important being the variation in the rate of
~fluid recharge (natural or by injection) into the reservoir.

Table 1.1 lists reported ranges of gross chemical properties of

"~ geothermal water. The table also indicates the reasons for

 measuring these properties. - Table 1.2 is an exhaustive com-

. pilation of the concentration ranges of various chemical-con=
. .stituents in geothermal waters.  The data are largely taken from
- Tsai, et al. (in press).. The right hand column in Table 1.2

lists pertinent comments on each of the chemical constituents.

The comments pertain to toxicity and cperational problems (such :

‘as ‘corrosion and scaling of pipes) associated with a particular

- constituent. These ~concentration ranges, based on a thorough -

. literature search, cover geothermal reservoirs from all parts of

- the western United States as well as from various other coun-. S

© . ‘tries with known geothermal reservoirs. It should be noted that . .
. 'the minimum reported concentration for a great majority.of the

' constituents is zero or near zero. 'Based on the maximum re- ..

-~ ported concentration (Table 1.3), the chemical constituents: in'- .

.. geothermal water can be grouped for convenience-under the fol- -
- lowing categories: - .ot oo R LT

" Major constituents = those with maximum concentration
FI R .+ greater than 10,000 ppm R

. secondary constituents - those with maximum concentration .

~1,000-10,000 .ppm

 Minor comstituents. = - those with maximum concentration

?'"r'r'acé const.iti;ei@ts . = those with maximum concentration .

.. generally less than 0.01 ppm

' Table 1.3 presents this. grouping of constituents according to
. their relative ‘abundance.  The “major constituents! are those .. . .
. chemicals most commonly found in highest concentration in geo- . =~
. thermal systems; they play the most important role in chemical
. 'reactions occurring in the system. ' The. “secondary" and "minoxr" . - =~
.- 'species may algo participate significantly in chemical reac- . =
" ‘tions, e.g. scaling and composition.: Trace elements contribute " .
‘very little to the chemical reactions in the system but may have . -
- considerable implication in environmental impact.. For example, -~

" _entirely benign and potable to highly corrosive and saline. The -

s
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| TABLE 1.1 SOME CHEMICAL INDEX PROPERTIES

OF GEOTHERMAL WATERS

. Water .

";:Characterlstxcs-‘

Reported Range In -

Geothermal Waters

Reasons for
- Measurement

e

C Redoxv'“n”
Potent1a1
”nlConduct1v1ty

:_Alkalznlty
(V;Hardnessv

iffSuspendeé:'f'
/. Solids

‘, ."-47'..387,590" ppm‘f :

y2416

 -400to + 500 mV .

500-50,000 umho/cm.

'50-1,000vppm;as CacO;

 '5—20.000:ppm’as'CeCO3.

Iueasutebdf:partieu-{’
" lates which may -~

.iﬁtbidity“v_f;ﬁfohvf‘fe0é2,000‘3aeksonf7 o
PR e I i 1,Turbidity‘0nit$(JTU)

Measure of material

"~ in solution, impor- .

tant in assessing =
. scaling and solid
. waste problems

Hyd:ogeh ioneimpor;
tant to water chem-

istry and corrosion

Important to water -

chemlstry

Indxcatxon of“TDSV

‘Ability of water to .
~ absorb acid

'In“general a ‘measure

of Ca + Mg .

clog equipment .

'sﬁetimaﬁe of

- suspended solids

ﬂi-
ﬂg“
1
i
R
3
3
]
%
i
B I
.
1
4
i
‘
ok
A

e e T




TABLE - l 2 CHEMICAL COMPOSITION OF . GEOTHE
et al in press)

(Tsal,)

‘ '-OConstltuent

Vf%ﬁfﬁAlumlnum (Al) - ,OO?O7}140‘
. 0=
0
= OG?
13 6
O l

W) 42
250
4,800 ‘O
fi;bab;lJ

;ikiA;senio'(Asy
'OO"Barlum (Ba)

“be_Boron (B) o _
; (HBO )

"l; ;Bromide (Br)'fjjlf:O“
hﬁ!o?Cadmlum (Cd)ﬁﬁfi'bil I;Oi'i
62,900
/”O49°l_' 
OOiO;iSO

. Calciunm (Ca)';. ‘
"Carbon Dloxide (CO )
e (uco )
v (CO ) |
(HCO + CO )

1, 000
?isjn
0.002
,v‘”'0?
0.014 -

: ‘.fQ
TJO}@’ L
o, 037{}f»;;:ifi
o, z,fEf“=ifff”

(CO + HCO + CO )
_OfOCe51um (Cs) L
5;;Chlor1de (Cl)

' Cobalt (Co).

241,000
0.018
,:RJ;fCopper (Cu) v i

'ffarluorxde (F)

"'Germanlum (Ge)fgff

”f'jﬂydrogen Sulflde (Hz
2 ;»;u total)

(continued)
‘ ij14 EE

' 'lofvaoncbntratioh in ppm

1,400

RMAL WATERS WORLDWIDE

Comments

O;Health hazard

Human death if
>550 mg dosage
Deleterious to plants‘

’Tox1c to fish if
. 50.2 ppm -
Clogglng scale

. Clogging scale :
' jf‘pH control :
ﬁ"f1k653'5“¥7-d' ’

7 1oo,'=ft,” et
}ZZa,_if§5$i,"'~”v*:*-;

'Major corrosion

- constituent L

" Toxic to life in flf7"
‘large amounts

:VE:Health hazard -if Vlf;,vﬁ
'fiiﬂealthful if <1. 5 ppm. L

 pH control, corrosxon—..vﬂfj Hoh)
o scale agent . R




“Cdnstitueﬂﬁ

‘vaBtE-l.z

Iodlde (I)

Iron (Fe)

Lanthanum (La)
o :~ Lead;(?b): ‘
”-fffLiihium"(tij" e
“;;;ﬁagne§§6ﬁ (Mg)'"j'W’.
" “Manganese'(ﬁn)
Mercury (Hg)
Molybdenum (%o)
Nlckel (Ni)
Nxtrate (NO )
Nitrlte (NO ) A
Oxygen (Oz,rdxssolved)
Phosphate (PO y
: (HPO )'

PO, )
Potass1um (K)

Rubidium (Rb)

Silver (Ag)
Sodium (Na)

Strontium (Sr)

Silica (SiOz.vtotaI);lj; j.
0 - 2 :

"'z - 79, 800 jf;
o 133 - 2,000

Sulfate (so 3 ’3;‘; ; 0 - 84,000

0 - 105

: 0 - h 200

220. ;

C
0 - 300
0 - 39,200

S0 10 e
o 029 o. 074 o
10.005 ~2

L 0-35
o-1
"o ;‘1027?1'

0. 75 5 2 05

0.02 - o 22
0.6 - 29, 900 L

't ;0 - 169 '

3 - 1 441

N;(contlnued) :
FI -

",ConcentrACion in'ppm.

'(continued)

- Comments .

May preéipitate on

oxidation

~Cumulative poison

Clogging scélé'

May precipitate on

-'ox1dat1on

-  Dr1nk1ng standard
‘45 ppm
"HOrganxc pollutant

Corr051on-re1ated’

accelerator o

andatory
limit
Scale—corrosion’

”vEutrophlcatlon agent .

" Scale-corrosion:

('-Major scale constitu—
“v:ent _corrosion inhibi- . 0o
e tor"-_-'

0.05. ppm ..

; accelerator S B

LClogging scgle R

A e

i 1T

O P




TABLE 1,2 (continued)

1»92225322225 j21 vw:Cohcéﬁt£ation in:bph: k'2' o 'Qéﬁggggg
> ;[Su1fur (S) ’ f* : f‘f : O'¥'30 ’;;v P
(el Diss°1"ed Salts a7 - 387,500 . ‘
'LiifZinc \Zn) i’” 1 : . 0 004 - 970 '”“,fﬁ%i;' Tox1c to f1sh 1f

>0 3 ppm

 ,Zir¢onium (Zr)*;f,fg ~?'"‘ﬂ~24ﬂ”.;jf:€*

«The following are trace glements found at Sinclair No. 4 well

' 4Sa1ton ‘Sea, California

v Antlmony (Sb) Berylllum (Be) Bismuth (Bi), Cerlum (Ce),
. Dysprosium (Dy) ‘Erbium (Er), Europium (Eu), Gadolinium (Cd) :
- -Gallium (Ga), Grld (Au), Hafnzum (Hf) , Holmium (Ho), Indium (In).
- Iridium (hr), I .tetium (Lu), Neodymlum (Nd), Niobium (Nb), o
‘Osmium (0s), Palladium (Pd),Platinum {Pt), Praseodymium (Pr), .
Rhenium’ (Re) Rhodium (Rh); Ruthenium (Ru) Samarium (Sm),
Scandium (Sc) -Selenium (Se) Tantalum . (Ta) Tellurium (Te)
Terbium (Tb), Thalllum (Tl), Thorium (Th),: Thulium (Tm),
i _Txtanlum (Ti), Tungsten (W)..Uranium (U), Vanadlum (V),.“'
: Ytterbium (Yb), Yttrlum (Y) 't » L e




Major Constituents

Secondary Conscituents

?. '(maximum >100 OOOppm)(maximum 1,000~

10, ooo ppmy

TAﬁLE 1. 3 RELATIVE ABUNDANCE OF MAXTMUM REPORTED CONCENTRATIONS v
Laol ;» OF CHEMICAL COMPOSITION TN GEOTHERMAL WATERS. wonnnwxnn_
(Tsai, et al. 1n press) : :

Minor descituentd.-f;v
- (maximum 1-1,000 ppm) .=

:’Ch1oride,r>v-"
‘Sulfate .

"~ Sodium
Calcium
© 'Magnesium

‘ Zf<Potgssium- :
<"+ Bicarbonate - '

Iron - -~
Bromide.

© Aluminum

./ Manganese . .’
o ‘Stromntium:
:‘_,Carbonate ‘g-,‘
. Silica’ (total)
L -Ammondum©
o Boron . » Ll L

o Arsenic
. Barium -
~ Cadmium:

Cesium

- Copper
- iFluoride -
-+ Hydrogen. Sulfide(total)
- Todide " .-
“ Lanthanum . :_'
- Lead. - ‘

© Lithium

“Mercury’

e Nickel -

- Nitrate
S Phosphate(total)
'i‘{Rubidium Cln
“S{iver"

. 2inc
Zirconium.

- Hafnium

Trace Constituents

© (maximum sO;Ol'ppm)ﬂ 

‘;_-Antiﬁony
-~ Beryllium-
-~ ‘Bismuth .

Cerium.

: . Dysprosium
. Erbium
Europium

Gadolinium

i, Gallium -
< Germanium -

Gold -

Holmium

" Indium’ -

Iridium
Lutetium

- “Molybdenum
_ Neodymium .
Niobium -

. Osmium
~ Palladium

-Platinum : -
Praseodymium . -

Rhenium

. Rhodfum ' -
> Ruthenium -
- Samarium

Scandium
Selenlum
Tantalum-
Tellurium -

. Terbium~
- Thallium . .

Thorium -
Thullim =
Titanium -

_Tungsten
Yranium

Vanadium -

- Ytterbium

Yeerium

& ""':’, PO
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secondary and mxnor constltuents such as. boron, mckel zinc,
arsenic, rubidium, strontium and barium may be harmful to plant

_ tion of scales in pipes.
_published data on chemistry of geothermal effluents from various.

. parts of the world, because on the one hand the surface and
- .subsurface ' environments may vary . drast1ca11y from place to

- place, and on the other jand the techniques of sampling and
'analysm of effluents may differ in different reported cases.

: S It is concelvable that some of the data reported in the litera-

grows and data gathering contlnues the ranges listed in 'l‘able
: 2 wlll most llkely expand.- ' R S

: Usually, low TDS is assoc:.ated wlth relat:.vely low con-
.. centrations of all. constltuents, and vice versa.. In general,

higher - temperature waters contain higher concentrations of
. “constituents. ‘Also, “the waters wz.th highest sa11n1ty appear to
have the lowest pH. ;

: The data in. Tables 1.1 and 1.2 are. blased greatly by the
chemical ‘data on the geothermal waters fiom the salton Sea KGRA

trations of most constituents are common (see Table 2. 13) The
‘ ‘Y‘_w:l.th far less TDS than the Salton Sea reservoir.

i Because of- the 1nherent d1verszty in the chemmal charac‘
teristics of geothermal waters it is difficult to arrive at an

' data become available, stat1st1ca11y significant average and
- 'median values of each constituent may be determined, at least
. for. certain geographz.cal areas. . The median wvalue of TDS for

range. Most geothermal fluids appear to be aC1dic w1th apH
S ‘of less’ than 7: ‘ L

" geothermal system are noxious constituents in the effluent.
‘leakages and consequent contamination .of the environment by

geothermal effluent difficult, ahd creates a solid waste dis-

e ‘and animal life; most of the heavy metals are 1nvolved in forma— ,

It is dxfflcul‘t to make a meanmgful companson of the

ture. are in error (Ellis, 1976). As the geot.hermal 1ndustry;*

o (Impenal Valley,  California), where: unusually high. concen-

‘average value of conceritration of each constituent. As more

" "geothermal water will likely fall in the 1,000 to 10,000 ppm

. Corrosion in casing, surface plumbing and equipment. may cause i
- geothermal fluid; scale formation .may make d:.sposal of spent

* posal problem. Chloride, oxygen, sulfide, and pH are princi-. . -
pally respon51ble £or corros:.on and calcium carbonate scalej-

i
[
i
P
1

: great majority of the known ge thermal reservo:.rs contaxn waters RS

w:.th rellable data, chenucal comp051t10n of geothermal L
effluents can prov;de much useful information. about - the res-
. _ervoir, since the kinds and - amounts of constituents depend on .
~ the reservoir environment: = formation  lithology, rock-wauver .
 interaction, rock—mmeral-chemical equllzbna as well as pres- - . .
" gure and temperature. The major environmental concerns in a - " %
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A formatlon. :
- scale-fornung constltuents. Temperature and pressure also. play
an mportant role in determining the nature and extent of ¢ r-

~rosion and ‘scaling processes. _Chemicals may - be added to geo- -

" thermal effluents to reduce possunlltles of corronon and

" 'scaling or ‘to. prec.xp:.tate certain constituents in. ponds or -

. settling tanks. However, ‘it is conceivable that some of these
" added chemicals may make the waste geothermal. fluid env1ran-

fl mentally more detrlmental than the' reservoir fluld. .

s ‘Besides the dissolved. and suspended sohds, geothemal =
.‘'water and steam contain a range of noncondensible gases, some of .

" ‘which may be detrimental ‘to the environment. . Hydrogen sulfide, =
" a noncondensible gas constituent of many geothermal fluids; has -

drawn considerable attention at The Geysers because of its odor.. -

" Ammonia,. carbon monoxlde, sulfur dioxide and mercury vapor are.
' the. other major noxious components of many..geothermal  vapors.

" Table 1.4 lists the reported concentrations (in volume percent)
: of most of the known constituents of geotherma,l vapors (Tsai, et
< - al, in-press). - The’ right-hand column in Table 1.4 includes -
" pertinent comments on the environmental implications of these

' vapor constituents: Usually, noncondensible gases constitute

between about 0.3% and 5% of the: flashed steam from geothermal,,

flulds (Wood, 1973)’.,

Geot.hermal flu:.ds usually conta.xn certain rad:.oact:.ve o
. elements in low concentrations, maxnly radon, radium anpd iso-
S topes of - uranium and thorium. - The most thoroughly studied
.. radioactive element in geothermal flulqls is radn-222, a radio-
.. .. active gas A study of 136 natural geothermal: spnngs showed a .-
Coinoorange s of 13 to - 14,000 picocuries per liter (pCl/l), w:.th a
S ,medlan around 510 pC1/1 (O'Connell and Kaufman. 1976). : e

It ‘is’ of interest’ to compare ‘the chemstty of geothemal

S waters ‘with other trpes of waters. F:Lgure 1.2. compares t.he ,
-/ ranges of major chemical constituents in" geothermal water and in -
potable water. In general, the reported maximum concentrations .~ .
of - dissolved constituents in ‘geothermal water exceed those in - ... -
potable water. The situation is similar when geothermal wvater .

: is compared with dnnkmg. 1rr1gating, 11Vestock feedxng or Sea-
water ('I'able 1. S).» SR a SRRt o ;

“’[1 4 mvmommn'ru. EFFECTS os wman pox.zmms
“1 4 1 General

. £1ulds.,_

Slllca, sulfide and hydroxlde are the other possnale

Geothermal flulds, 1£ released to surface or groundwater
d:Les. can potentlally cause . chemical .and thermal effects.
s .section discusses the environmental effects related to the ’

‘chemical characten.st.cs and waste heat content of geothermal




.’fi,Constttuent

TABLE l 4

“j;f Ammonia (NHa)

E o'fArgon (Ar)'
i ,ﬁfArsenic (As,),

| flo’soric Acid (H3BO3)

<  Carbon Dleide (CO )

| ‘fZCarbon Monoxide (co)

iiHe]ium (He)

-::Rydrocarbon (c and
c greater) 2.

| ‘»'i‘-,f’."*.v?’rogen '(“z‘"-

L Hydrogen Fluoride (HF)

’*'{-Xgnydrogen Su]fide (u S)

. (H +HS)
"‘;jMercury (Hg)

, ‘5¢f;Methane (CH“)
b.ﬂ3;fNitrogen (Nz)

(Nz + AF)

'7’fiol’0xy9en (o )

sanee Ox*&esfisw'}; b

Concentra-1on in vo]ume percent

"0 -6 36% o

| ¢
-0-53
oom-oos

0-99

, 0-03

09 e

’?o u

0 2 - 6

<f?ff0 007 . 40.7 (ppb) {#r?*
' 0 . 99.8.

0 97 1

Co-e

g GAS composrrxou OF GEOTHERMAL, VAPORS '('rsai, et al. in press)

-

Remarks

Noxious gas, signifies

reducing conditions

" Ninor inert -gas

e Health hazard, : B
' volatile

: Deleteriou' to plants

Sca]e formation"

~Health hazard

T

Innocuous - -

Potential fuel sourc2,

_.denotes reducing
conditions

Provides data an -

- oxidation-reduction
env1ronment

: ; Extremely corrosive

and reactive

, :  Noxious gas, S
L environmental ‘hazard, -

corrosion ‘agent

- .lk. ixe Health hazard‘-:
Potential fuel source_-'f5'-;

Hajor iner.t gas PRy

T;Q'Important for oxidation-' e
“o.0 - reduction reactions, . -

‘can be corrosive:5_'fg R

o -Corrosion agent,:
: hamfu'l to etwfronmen(.
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WI’I’H GEOTKERMAL AND. SEAWATER ANALYSES

o or!nklnq luttt' (mq/u -lr:iq-tlnq mterb Livestock r"dlng Wator®
. GO0 USPHS - USPHS (ppm): Water® {ppm) -
: Sabltanco Recommended -Mand Ateg o 'l‘hrathom Mnitlng ‘rhruhold l.. nlun Range .
Arsente o.01 o m0s? . a0 8.0 L o Ve Tt
parfum -t 2409 I - e - oL oo Qe - 250
L Blearbonna e e . R L SR ‘ $00 . %00 0~ xo',booo_
- ‘porof. e e e : 0.8 LR e el 6~ 1,200
Cadmium R T e '01"‘ j T e 8 - 0- 1
- ‘Calegum : R e e e T - 800 14000 0~ 63,000
Chlortde - - . 380" "ol S ni3600 . - 3%0 .0 v 1,300 3,000, . 0=240,000 "
Chromfum . = vo.os‘! T e - R SRR TR
. Coppar - o el ik e e e - Cgw 10
Fluoride . 10?0 _2 z ERRR R PR e e 1 6 Vgl 38
- 8ul[16g e h - - . - : Q 2=
TR O DR I A - - - s 0- A.zoo
Lmad o il e R - i e e 0= 200 .
Huqnealun:‘ K ﬁ i - e 002800 - 0500 - Qe 39,000
" Manganese 008 L s - : - 0= 2,000
Mercury - - - - o 0 10
Mitrate o 43 - - 200 0 400 - 0+ is
“Selenium:’ . . ,b, - - - ‘- © i trace
Silver . - - ) P - - . - (23
o meftum e ST el e el 8,000 0 2,000 0~ 8¢,000
‘Bulfate 280N o - ;_200 hooo R L R T 000 0-- 84,000
tinc. B L N S o . 0- .. M0
i soo" o Lene 01,500 T 2,800 5,000 - .47-390, ooo
es-as" 7.0-8.8 s.-.o 6.0-8.5 - ss-so 2--
%sms. mz: m, uvu m\, 19778 T reacen<0.001 ppm tor mq/n
. ‘brodd, 197 - GMaximum’ contaminant level

Crsal, et al.. in p:ns -
. 8goldberg, 1963
! thcxude- no, ’ ml., ana du-olved nltroqen gan .

. ccothema 1

: 'mama 1 5; | COMPARISON OF INORGANIC CHEMICAL WATER s'rzmomns. AR

Sca mte'::,d; v
mA

specified in Nationnl I S R
S Interim Primary prinking Water Pegulations (FEPA, 1976) . o e

Max{mum contaminant level specified tn Natfonal : ) i
Secondary Drinkinq Hater Begulatton: (EPA, 1971l)

AT




St:nctly deﬁned. any sprmg [ground] or well
) -',water whose average temperature is: notlceably above
‘the mean  annual temperature of the air at the same

L flocahty ‘may “be classed ' as thermal. = Among European

<7 springs . that are developed commerc;ally,. only those
. ‘whose- temperature is higher ‘than about 20°C (68°F) are

' .classed as thermal.. .In the United States, only those .

. springs are  called thermal whose - temperature is at:-.
.o least 8,3°C (37°F) ‘above the mean. annual temperature
of the air at their 1oca11t1es., “In areas where. the .
" mean annual aJ.r temperature is low, some springs that -
"do not freeze in winter because of natural protective
. conditions are considered to be thermal; in tropical .
" areas some springs that-are only a few deqrees warmer . .:
~-.. - than the temperature of the air may be cons1dered
S ,thermal. (Warlng, 1965) : .

S Naote. that these are funct10na1 crltena based on temper- .
" ature. Ideally, a definition of geothermal water would depend
.. om its genes:Ls since it is possible that a water that has come '--°
. in contact with a geothermal heat source may be relat1ve1y cool

by the time it reaches the surface., However, it is much more
involved to determine water's. genes:.s than to determine its

'_temperature at -a collection point. - Therefore, a definition
~based on a somewhat' arbltrary ‘temperature - differential is used
~ . in this report. In Imperial Valley, for e::ample.z water hotter -
~than 50°C (122°F) is considered to be geothermal.  This rather:
- high figure was selected since geothermal water. can be defined
- -relative to ambient air temperatures, and summer air temper- .
e atures ' reach th:.s level 1n Imperlal Valley (Hely and Peck
51964 ) . R ; : v R .

The effects on 11v1ng thmgs of some of the chexn:.cal con-""

" stituents discussed in section 1.3.3 are not fully known. Even

-~ _when the effects of a cliemical constltuent on human, animal or
f',i;plant health are well known, the actual ‘environmental impact-due - o
"+ - to that constituent may vary depending on- many: factors, which . = '
- “include the concentration of that constituent .in the geothermal
“waste fluid, the rate and the cumulative volume of the pollutant
- released, density of human or animal population in the area, the
" extent and type of plant life around the pollutant discharge
area, and the nature of the’ dlscharge area: (ocean,: lake, 'river, .

dry land, subsurface reservoir, etc.). For example, saline

... discharges to marine watets may be of little consequehce while i
.- the ' same dlscharges may cause a catastrophlc 1mpact :m a: £resh S

water. lake..-

i i e el s e PP - s Ko e 2

e In order to determme 1f nongeothermal groundwater will be' :
i polluted by geothermal groundwater a definition must first be

7 established to distinguish one from the other. The following:
- excerpt exempl1f1es sone of the amb1gu1ty 1nvolved in such a
- -deflnltlon.. : \ ‘ ‘




_'Service (USPHS) (1962). |
“of the chemical constituents of geothermal flulds are not: spec1-

" ture is ‘available.

01.3.3,

:‘boron limits.

U water,

" both fresh and marine water.

‘'standards in various states with .geothermal potent1a1

e Table 1.5
presents the Drinking Water Standards of the U.S. Public Health
1t should be noted that limits for many

éfffled 1n e1ther set of standards.- o

R “The followxng sectlons summarize the hazards of the ‘various
- ‘pollutants known to-occur in geothermal waters. ‘The hazards are

d”jdlscussed in very general terms as regards human. consumption,
»;e;aquatlc 1ife,
“water supply.

agrlcultural and livestock .uses,:
0 The toxicity of the varlous chemical elements in

water has been studied for many years and . voluminous litera-
However, .

5:1.4 2 Human Consumptlon

LT Pollut1on of drlnklng water. supplzes is ‘one of the maJor B
_potential 1mpacts of discharging geothermal wastes into the
Of the chemical constituents discussed in section -
-cadmium, .

“environment.
'boron, -arsenic, mercury, chromium, antimony,
fluoride, - lead ‘and nitrate are known to be’ defxnltely
and may cause irreversible damage to

- selenium,
"~ toxic to Yruman beings,
“‘human health. Barium, lithium,

‘The - USPHS - water quality standard spec1f1es limits for
< ‘cadmium, selenium, fluorine, lead, nitrate, barium and
copper only (Table 1.5).

‘Neither the 1962 USPHS standards nor the
Interim water quallty ‘standards: (EPA,

but " above this concentrat1on,
i jdlgest1on {Chen, et al. 1976).
- ing federal standards for antxmony,~11th1um, iodine and bismuth.

' several other constituents of geothermal water may show’ mlnor,

~ 'usually reversible toxic effects,

: but_“slqnlflcant data 'are
: 1ack1ng. o N T o

v‘f,;1.4 3 Aquatlc L1fe

o Table 1.7 1s a- llst of llmlts suggested for aquat1c ‘life 1nv,
The table also provides remarks on = .=
Several elements (alumxnum,‘_;jgv:

- the toxicity 0£'eachfcpnstitnent.‘

TR

Table 1 6 llStS the types of Federal-State Water Quality» o
o ‘The .
. table also indicates -whether the criterion for a specific con-

- stituent applies: statewide or. to a designated water.

and 1ndustr1a1 N

o the possible synergistic or antag- -
7 onistic effects of the combination of various elements in water
- have recelved 11tt1e attentlon so far.

S iodine, bismuth and copper are '
- toxic to a lesser extent and usually do not cause irreversible
;}y{damage.
- arsenic, w
‘ The -National Interlm Primary Drinking -
+* . Water Regulations (1976) (Table 1.5) by EPA spec1£y limits of
' .'0.002 mg/l for mercury and 0.05 mg/l for chromium.
; -,Ldrlnklng water standards of 1925 had a recommended limit of 20
.. mg/l  for boron.

. The USPHS

1977a) of EPA include -
Lo Several - investigators have reported that borontrvvgif
~“concentrations of 20 to 30 mg/l are’ “not’ harmful in drinking -
boron may “interfere with
‘There is no limit in the exist-

¥
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“?'TABLE 1.6 POLLUTANTS LIMITED BY WATER  QUALITY STANDARDS

IN STATES WITH GEOTHERMAL POTENTIAL ‘

(mod;fied from EPA,

1977b)'

California

Arizona
‘Colorado

Idaho

,

' ‘Méntana

Washington
‘Wyoming ..

: Total Dissolved Solldé —

o Hawaii

'Chlorlde

. {81 Alaska-

alel Louisiana -~ -}

aied New Mexico

w|ad Nevada
alol Texas

o

{Manganese

-{Boron

o}

- fZinc

Barium

JFluoride

uln

Lead

Iodine |

w

Copper*

/7]

Sulfur

- [Arsenic

“‘vaercury

‘[Chromium

ol ol |alalalelalalalalelalol oregon

' INIckel

= Isiiver

‘Cadmiuvm

o
2

Selenium -

{eiedad lafafol [efafef |alalal |

" Sulfate-

alulolnfujnleln]

o

‘INitrate: (% nxtrite) — ) ts

" IpH (rangey

TRadioactlvity

B0kt

Rt

ninjnl-

winin
n
nln

9]
Naleplobklok] o] | Ploleplol] lofole] utan

'°;Tota1 bissolved. GaS'*

Julnlal

“ - I'Toxic Materials.

A e G st b ot S i Wy b s A el S

“ Memperature

IDissolved Oxygen (mln.)

Julalal jale
ol
—

ool

BUAA R

Jlajajuiniafn

|o]alw
niar
RN =N 0]
1R fe¥

lnlalalnlnlal |
nipdrnialn

Phosphorus

lalatlm
alaluininie

',_Conduct1v1ty

.. =

&udln "

crxteria for designated waters--

criteria applied statewide; :
criteria conform with USPHS Drlnklhg
free from toxxc materxals.. S

watér s;andards;“

1962;

rnt e e S e e
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(EPA, 1977b)

7AQUATIC LIFE CRITERIA FOR CONSTITUENTS IN GEOTHERMAL :
- FLUID . . _ . v

© . Fresh water . . -

Criteria for - -Criteria for
Marine water

" Remarks

" Ammonia.

. Barfum

- Cadmium

- Chromium -
"copper
Iron

Lead

r'ﬁe:eﬁry‘ 7

”‘cii:Selenium Y

Ee silvet

H dto en:
silfig

';ﬂ_(un-ionized)

”e A:senic e
o Befyllipme .
L " 1.1 mg/1-(hard water)
Boron fre g
.004-.0004 mg/1
-~ {soft water) .
;012-.0012amg/1‘
B Y m§/14?¢":
. 0.1.96-hr LG5y . -

R X mg/lf"
”’HehganeEe'
 0.0005 mg/1l .
'”ffﬁieraéegT
,'Pﬁqééhorus f
'7'0;01.96fh: LCs°

."0 0002 mg/l
zinc F?R.['

g jg'.‘retal Dis;olﬁed'“?[ o
. --solids (TDS) . -

O.OZ‘mg[ie,_fV

t,{Toxicity bﬂ deéendenﬁg

(”YVDaphnxa xmpaited by

0.11 mg/1-(soft water)
0.005 mg/1 .

(hard water) -

0.1 96-hs 15,

0.01 96-hr cho'f:
(sol. leadl e ol o
f;yp;l’ﬁgfxle}

- 0.0003 Mg/l

4.3 mg/l '

fToxicity 1evc1 <50 mg/l o
keToxxcity hardness i
; dependent ) .

i Toxic to miﬂhbwsv-"
o :aﬁ 19,000 mg/1 = -

Tbxic at <0. S mg/l

v‘all tests ..

ffToxicity_Qaries with
pH and oxidation state,

Toxicity alkalinxty
dependent

: Toxicity variable

‘Salmonids most

o scnsxtive fish

’ Not a problem in '
ftesh water :

A»‘aigh b;o-accumulation

and thus affects: =~ .

'ifhuman food -

.1-‘Toxicity to fish
R4 900 mq/l :

B ;o ooox mg/1 p

%o o1 96-hr LC

'«-o 002 mg/1j5/’
o. 01 96 Lcsofilv

Eutrophication e
factor -

Toxxc at >2. 5 mg/l

‘1'6.01‘965h: LCSO-;O 01 96 ht Lcso‘row1city dependent on ,'

compound

;;Toxic at very low level o

AToxicity dependent on.
temperature, dlssolved
oxygen, hardness .

ﬁ;l:Osmotic effects -»”‘J‘
'egvariable ’ .




*<i‘brom1ne,» strontmm, htbmm, cesium, fluorine, rub1dium, ant1-
. mony, nickel and boron), which are known to be toxic to humans

.7 are  shown' for arsemc, barium and boron in Table 1.7, these
'elements may have toxic effects on aquatic life. Many of these

. omissionhs are due to the fact that these elements are not common

or are present in’ 1nsxgn1f1cant concentrat:.ons in surface
,waters, on whxch these cntena were based. :

‘The pI-I of surface waters - has been related to productrv:.ty,

"‘jonly may" acids. and alkahs ‘be - toxlc in themselves, but an in-

' crease ‘or decrease ‘in" pH may - ra1se the toxlcxty of varlous
constltuents, e.g.. ammom.a. S j~-~¢~ : SR :

‘ 1,4,4 __gercultural ard leestock Use

- '.l'able 1.8 11sts the lunts suggested on cheuncal constlt- :
‘Remarks . on: toxicity of each constituent are also included in

-~ .gested in Table 1.8 for many constituents which are known to be
*“toxic® to humans. . However, Table. 1.9 lists minor and trace
“element tolerances ‘established: for irrigation water by the U.S.
" Department of Agnculture (USDR) - in 1962.° The concentratlon of
<7 . these elements in geothemal wa.ters,' as exempleled in ‘I'able S
E 1 2, w.111 excteed . the USDA guldelznes 1n many cases. . . :

E Table 1.5 mcludes morgaruc chemlcal quahty standards for
o water used- in: livestock feeding: and crop irrigation. Boron is -
. particularly harmful for ‘many plants. - Table 1.10 groups: common -

.. crop plants according 'to their' tolerance of boron 1nto "sensa.- o

o tdve", "sem:.-tolerant" and "tolerant" classes. , _ L

1.4 5 Industnal Water Supply i

. the maximum TDS content of surface waters that have been used as ' -
1ndustr1a1 waters. s > : . S

/. are .not ~included in Table 1.7. It is conceivable that -these .
- elements -are ‘also tox.lc to aquatlc life. “Although no criteria -

'f““m.th the most productive waters between pH 6.5 and 8.5. Noti_f"

‘uents as they pertaln to ‘livestock watering and crop 1rngat10n. S

" that table. Again, it should be noted that no limits are sug- L

Ll Rather than concentrat:wns of 1nd1v1dua1 const:.tuents. TDS
L is usually the -most mportant criterion that determines the . .- = -
“utility of a water for 1ndustr1a1 ‘purposes. Table 1.11 presents - -




f TABLE 1 § AGRICULTURAL USE CRITERIA FQR CONSTITUENTS IN o
' GEOTHERMAL FLUIDS (EPA, i

1977b)

',»Crop

Remarks

o Lead

' Ammonia

' Arsenic -

'f,‘Barlum

;Bery111urid

" Boron.

'fCadmium'

Chromium

~ copper

Iron “

’5?ﬂiﬁercuryc7ﬂ‘

 Nitrates -

““Jrrigation

0.001to: -
07500 mg/1

0. 2 mg/l suggested
o for ac1dophilic :
T crops PR

~'No criterla suggested

;,;Tox1c1ty ‘to some croos
"0.5.mg/1l; no llvestocks

at

"crlterla suggested..

- No crlterxa suggested

“Crop toxicity’ acldxty

dependent; no liwvestock

ﬂcrxterla suggested

7Toxic to sensztlve plants,
“e.g. citrus at <1 mg/l; no

'“11vestock cr1ter1a suggestedT",:H iR

'Reduced

" related

crop y:elds at
crop. accumulation
to zinc concentra=-

1 mg/1;

. tions; no livestdck crlterla
v'suggested.»

~ No crlterla suggested._

'5_Tox1c1ty for plants beglns
“at-0.1 mg/l; no 11vestock

*j'crlterxa suggested.

‘sto crlterla suggested.

;vﬁToxlc to plants at <30 mg/l:,,
'*no crzterla suggested. '

"Tox1c1ty to plants increases
woowith decreasing pH:; no R
‘,jilxvestock crxterxa suggested._~

fjiBio-accumulatlon but no'f"
',scrlterza suggested e

. No crxteria suggested. o
tnutr1ent for crops. S

. {continued)

b i e i s i




‘TABLE 1.8 (continued)

Crop

.Irrlgatxon " 'Remarks _

* Phosphorus  :J
'Selehium' '
‘Szlver

'jnydrogen Sulfide

“21nc

‘}fgsrbtél Dissolved

-

© sodium

No cr1ter1a suggested,yw
fnutrient for. crops.
No ct;teria'suggested.
‘ tANo”etiteria'suggested: vi
- No criteria Suggested.il

“fPoxic to some crops at
0.4 to 25 mgze,ﬂay cause
‘iron deficiency in plants;
no livestock criteria
suggested.

. 500-1,500 - “,-OSmotzc effects in plants. 
mg/l suggested )

variable harm to both
plants and anxmals.

Toxic to certaln plants.
ratio te other cations -
important. no crxterla' '
ngen. .

29




- ;li'I‘ABLE 1 9 . MINOR AND TRACE BLEMENT TOLERANCE FOR
v = "IRRIGATION WATER- (Economic Research ,

i 'Sgrvice, -1962)

' Element

" For Water Used’ e
_chtxnuously on -

All Soils
ma/1

Fot Shott-'rerm USe
" on Fine Textured
Soils Only
L2

' Arsenic:

: - Beryllium = = -
"Boron .

Cadmtum
" Chromium

' Cobalt .
- Copper . .

Lead ;- '

Lithjum
' tanganese . .-
: Dblybdenum

L »Nickel
: Se;gpx\nn

. Vanadium .
gt £

1.0
1.0
0.5
0,75

'0.005
5.0 :

0.2

0.2

5.0
8,0

240
'Q o, oos

' .os_f-ﬁl
10.0

20.0°

10.0
1.0

20

0.05 . .
200
10,0
5.0

+.20.0

5.0

_2o.o

.05

2.0,”

© 0.05

10.0
10.0




 'Ap§le

" TABLE 1.10 ' RELATIVE TOLERANCE OF PLANTS TO BORON (USDA, 1954)

_Sensitive .

‘ 'ﬁ;'Semitqlerantvi

' Tolerant

" Grapefruit

fj; Avocado*
- Orange :
*Thornless blackberry:_T

»Aprxcot

~ © pPeach

_Cherry

" Persimmon

Kadota fig
! Grape (Sultanina
~and Malaga)

Pear

>f P1um- '

“v!Amer-can elm ,V
Navy bean

,g"-Jerusalem-Artlchoke o
' ;. Persian (Englxsh)

- walnut

r‘iBlack walnut

'Pecan

‘Lima bean e
: fSweetpotato'
-~ 'Bell pepper
.- Pumpkin =
. Zinnia
- Oat
“Milo

Corn
Wheat -
Barley -
Olive

. Ragged Robin rose
- Field pea
~Radish o
. Sweet pea

“Tomato o
. Pima cotton o

w0 Acala cotton Ll
';ﬁpotato o :

’ j sunflower (natlve)

. Carrot
Lettuce -

- - Cabbage . . - -

- Turnip . ¥

Onion

" Broadbean -
- Gladiolus
~.~Alfalfa

Garden beet
Mangel -
Sugar Beet -

Palm (Phoeniz

carariensie)’

ﬁ'Date palm (P.

daetylifera) -

iAthél (Twmunx

aphylla) .

‘Asparagus ;~
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 TABLE 1.11 TDS IN INDUSTRIAL WATERS (EPA, 1977b)

~Use T P TP O o Maximum TDS (mg/1)

Textiles =~ - S T e 180

Pulp and Paper“,_ R .. . 1,080 7

Chemical e LT e e T e © 2,500

Petroleum - - Lo 3,800

Primary Metals . ..~ . e 01,500 0 ,
. Copper Mining ' e 2,100 ',NY' _
. Boiler Make-up.', e Tf“vf . o ;»,0 5-3, 000a il

",,aFrom American Soclety for Testing Mate;ials, 1966.7f

- As discussed in sectior 1.3. 3 “IDS in geothermal water

. varies over a large range, the median being a few thousand ppm. °
~Thus many geothermal waste waters can actually be used as indus- e
. trial water. Some industrlal processes, such as food and bever-  ....°

age processing,may need as high-or higher quality water than drink-

- ing water in order to maintain consisfency of product quality In

such’ cases, geothermal waste . can ‘be a_aerious pollutant.,

‘~ﬂﬁ1 4.6 Thermal Pollution : Lj-17 f;~:",,f,,j*“ .:u   ,J,, 

. Up to 85% of the ava*lable heat may be wasted in geothermal .
electric power generation because of the relative inefficiencies

~of low temperature conversion. If external once-through cooling L

water is used, most of this waste heat will be discharged to

- surface waters. ‘If cooling towers are used, with the cooling
- water recycled, . and blowdown reinjected, most of the waste heat
. 2will'be dissipated to the surrounding air. Once-through surface v
- water discharges would be particularly detrimental with large.
- volumes released at: temperaturns as high as 50°C (122‘?) - Che~- -
- mical and heat contamination dare likely to be ‘much less in dis- "
. charges from nonelectric uses of geothermal fluids.  One of .the
- principal reasons is that those uses will deal with lower tem~
- perdture waters which are inherently less saline. Another is.
- that nonelectric systems probably will demand the use of rela- L'

tively clean water because they‘will be in more intimate contact

o with ‘the ultimate energy. user.

Waste heat may ‘have particularly 51gnif1cant effects upon

- aquatic life, Excess heat as expressed by artificial tempera-
“. ture rise or: ‘temperature: fluctuations can disturb .aquatic com-
“munities to the extent of complete elimination and replacement.’
‘7 Most water quality standards limit sartificially. 4nduced stream.
‘r,temperature rise outside 2 mixing Zone to 2 8°C (5‘?) or less.




S i s s g e e B R o W Bt L .

" Generally, the standards also include a kméximum'streaxh';témper-'
. ature tailored to the preferred temperature ‘of native fish
",speci'esl.r__ﬁ._il_l_“ s cei : . Co : S

e i

e Over many . years, continuous thermal psllution may change
e < the microclimate of an area. If . extensive ~geothermal  energy
S Moo o development takes place worldwide and thermal pollution from
oo rother - sources remains unchecked, the possibility ' of " global.
©.1 - effects, such as the melting 'of the polar ice caps or signifi-
“..cant change in weather patterns, cannot be ruled out (Axtmann,
-1975). . PR SR R ; T
. - Even if thermal pollution of surface water bodies can be"
. -prevented, the microorganisms ‘in soils and porous subsurface
. xocks may be.destroyed by possible excessive thermal ~pollution
¢ .. outside the reservoir.  But the subsurface as a ‘biological
i o habitat is yet to be fully understood (McNabb and Dunrlap, 1975).-.
{ . .  Usually 100°C (212°F) is considered to be the temperature above
T ~ which bacteria perish, but most micro-organisms are actually
i killed by temperatures above 50°C (122°F) - R

»
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 SECTION TWO
masmﬁr. VALLEY

v‘_]z 1 Imonucnon

i 'l‘hls sectlon dlscusses the potent1a1 subsurface envn:onmen-'v
tal .unpact in. geothermal areas of Imperial. Valley (Figs. 2.1 and

2.2) with emphas1s on potential -water pollution. First back- -

i ~ground information is presented, followed by discussions of the

i ,f“vgeot.her.nal system, potential water pollution, seismicity, ‘sube T
©.. . -sidence and. pollutlon control technology currently practic:ed or '
RES ant1c1pated. : o :

“The followmg dlscussmns on- the geothermal systems and

’;.?}-;';,"Qrater pollution are ‘divided into ‘five subsections, one each on .
“.the. major potentxally developable geothermal resources at the . -
Salton Sea, East Mesa, Heber and Brawley KGRAs and one section. . .

" on the remaining KGRAs in the valley. "It was rniot advantageous
to divide the summary of. Imperial Valley geotechnical data,
.se1sm1c1ty, subsidence and pollutlon control technology sectlons :

" into geographlc subsectlons. v
¢ 2.0 swmmary

R 'fhere are. s:tx “Known Geothermal Resource Areas" (KGRAs) in -
+ Imperial Valley (Fig. 2. .2).  The East Mesa, Salton Sea; Heber

.. and Brawley KGRAs are’ cons:tdered potentially-suitable for elec-
‘_tnc power productxon. ‘Electric power productwn test facili= ...

- -ties are operating or: are planned  for the East Mesa, Salton Sea
. and Heber areas. . The -geothermal well effluents at East Mesa .
©. 7 average from 2,000 to 3,000 ppm. TDS, at Salton Sea 200,000 ppm ..

- TDS, -at Heber 15 000 ppm TDS, and at Brawley 100,000 ppm TDS.

’ ~rectly: proportxonal to the TDS contents, i.e.. the. hJ.gher the TDS,},
_.Vthe lngher the content o£ each trace element. ek L S

'The trace - ‘element contents of  these brines are: generally i~ "

Based on varlous assumptzons, approxlmatxons and extrapo- Eote) :

5~‘V_.<"latz.ons, the estimates of the recoverable heat in Imperial
“.”Valley range from 20 x 10!'% to 200 x 10'% -3 (1.9 x 10!% to

- 1.9 1017 BTU). The 30-year electric power potentlal for Imper-
“ial Valley is estmated ‘at. 4,590 megawatts (electricity) (Mwe).

Tt is estimated that a total brine mass of 6.02 million kg/day -
:3(13 29 m.lllon lb/day) wxll be produceu from t.hls pro;ected
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" ;.'fvmaxlmum power development and mll contam from 345 000 to"
- --391,000 kg (760,000 to 862,000 lb) TDS. . This mass of hot brine
*:‘and ‘its contained solids wlll constltute the major potent1al :

.~ source of subsurface pollutlpn ‘due to geothermal development in

.. Imperial Valley. +~1f the spent geothermal fluids are allowed to
' . escape into surface water bodies or very: “shallow aquifers,

considerable - thermal polluuon may result 1n addltlon to cheml- e

cal pollutlon. ‘

For Imperlal Valley the ma)or pollutlon control technology:-

_'env1s.1oned is ‘injection of. spent ‘fluids into. the producing -
.- formation. .  This - technology may affect natural - .groundwater.
'+ conditiens, seismicity and subs:.dence. A prellmmary compi- . -
- lation of wells and well use in Imperial Valley disclosed very -

limited groundwater use in the KGRASs, (or limited 'use in non-.

geothermal groundwater aqulfers up-gradlent from potent:.al-'
: geothermal development).v s TR el :

Imper1a1 Valley is a reglon of hlgh selsm1c1ty and s:.g-—

L niflcent tectonic movement. . Descrlpt).ons and' preliminary data -
o are presented here : descnb:mg seismicity and ‘subsidence moni~ -
- toring networks. These ‘networks will provide extensive baseline

data to aid in’ dlstmgulshmg the ' high levels of. naturallyf

"occurr:mg seismicity ‘and subsidence from . that potentlally 1n-'
'duced by £uture geothermal development. - : : ‘

,2 1 2 Background ' v; : _Y ) N - -

S Numerous stuches are belng conducted to evaluate and ut1-,_y L
- lize the geothermal. potentlal of Imperial Valley. The. first =
: ,,j‘geothermal well was drilled in 1927 near fumaroles and mud pots.. - .
.7 by the southern shore of the Salton Sea. ..The steam from this -
o well, although not of sufficient' quahty or quantity for power ... .
;',product:.on, contarned ‘carbon: dioxide gas and was utilized from ..
11934 to 1954 to produce dry ice. In 1957, a wildcat oil well
. encountered 315°C (600°F) brine at a depth- of 1,430 n (4, 700 ft)
« " about 8 km (5 mi) south of the previously. explored area.  In-.
v._-;',1968. the U.S. Bureau of Reclamation (USBR) began fundmg Imper=-- '
..ial Valley geothermal exploration. stuches through the University -~ - -
- of ~Califofnia at Riverside- (U.C.R.).. These studies involved ~ = - -~
. gravity, re51st1v1ty, magnetic: and temperature gradient surveys:. .
“‘and  they identified:. exght areas with: temperature gradlents'-}_;,

grzater than 3. 6°C per 100 m (2°F per 100: ft) of depth.  §ix of *

,,_"":»j'il'-.these ‘areas are currently designated as KGRAs and four of them
_are con51dered to have geothermal power productmn potent.xal.. g

'l‘he Brawley and Heber KGRAS, the westernmost portmn of the

."East Mesa KGRA, and the landward portion: of the Salton Sea KGRA ~ .
" Iie within 1rr1gated agricultural land, roughly defined by the

~ "area between the "East Highline and Westside Main Canals (Fig.-™
2.2). Presently, 103,125 ha (254,827 acres) are designated as . .~

.K_GRAS. 5 'l'h:.s represents about one-tenth of the land -area: of

So3




. Imperial Courty. Of the 192,000 ha (475,000 acres) of irrigated
" ‘agricultural land in Imperial Valley about 57,000 ha (140,000
“‘acres) or approximately one-third is included in. designated
KGRAs. T R e ARt ey B

.. “The  climatology, baseline  chemical characteristics. of
" ‘water, geology, hydrology, and historic seismicity of Imperial
.. Valley 'are discussed in detail in "Baseline Geotechnical Data
- for Four Geothermal Areas in the United States" {Geonomics, in

press) and are summarized below.

- 2‘.1..3 Summary of Imperial i?a.lléy' Geotechnical Data :
. The fisv‘altcm _'l’rq'tigh«.i's' an area of ‘high regional heat flow and
' contains numerous geothermal anomalies (Fig. 2.2) (Combs, 1971).

. States ‘and ‘significant subsidence rates have been measured.
" Geologic “evidence shows that the trough has experienced inten-
" sive crustal deformation, active faulting -(Richter, 1958; Allen, .-
et al. 1965; Brune and:Allen, 1967), and subsidence (Elders, et

al. 1972), and that deformation is currently continuing.-

~ .~ The Imperial Valley is a hot; naturally arid area with a
... méan annual precipitation of less than 80 mm. (3. in.). It is a -

“ . .relatively flat alluvial valley with the central portion heavily .
- .irrigated. The valley iz a broad structural and topographic de~

 pression that has been filled with over 6,000 m {20,000 ft) of
later Tertiary deltaic and: lacustrine sands, silts and gravels-

*“Pertiary granitic and metamorphic complex. is intensely step-. -
. faulted 'down “from the  mountains on both™ sides of the valley.
" The combination of graphic chemical-analytic - representa~

tions presented in Geonomics (in press) provides an effective

basis for establishing baseline water 'quality paradmeters in

forated well intervals. They are shallow, from 24 to 91 m (80

*“aided in defining the areal and depth distribution of five water
- ‘types in Imperial Valley. These are a sodium chloride water,.a
. high sulfate water, a sodium chloride with high calcium water, a.

e sodium bicarbonate water. The Stiff diagrams depict the great -

. west .and north as. well as with depth. = -

" 'southeastern end of the valley with salinity increasing to the.

1t is one of the most seismically active areas in the United

"overlain by alluvium and lake sediments. - The underlying pre- . .

Imperial Valley. Three depth zones were defined based on per-. .

to 300 ft); intermediate, from 91 to 457 m (300 to 1,500 ft); .
‘and deep, more than 457 m (1,500 ft). Modified Stiff diagrams

_“'sodium chloride with high sulfate and/or magnesium water and a

' variation in the chemical characteristics of . groundwater . - .. oo
" throughout the valley, from the purest waters coming off the = - ... & .
- Peninsular Range to . the hypersaline brines occurring in the - -
Salton Sea geothermal area. A salinity gradient-exists from the ° " " .-




*",myi‘lad fault traces and thousands ‘of meters of discontinuous,
‘folded ‘and layered sediments. - The San Andreas, San Jacinto,
Elsinore and Salton Trough Fault Zones are all components of the
San Andreas System that fractures the sediments and basement of -
- prepared (Geonomics, - in pressy and many fault traces . have been
traces” m alluvial ‘areas remain to be dlscqvered with further

L ‘defined as’ a unigque zone, containing parallel, subparallel and -
orthogonal fault traces between the San Andreas and San Jacinto

~have been 1n£erred from geophy51ca1 ev:.dence (Meldav. et al.
‘ . ~'1976) : : S e » L
Rocks in- the Salton ‘rrough range 1n age from Precambrlan _
" basement complex to Recent alluvium and dune sands, and cors"
e respondxngly from dense, competent hard rocks ‘to totally uncon-
: -vsohdated sednnentary deposits and young volcaxucs. Most of the
- . central’ valley is. Pliocene and younger. One ‘deep well near.
:*f"gralned sandstone and siltstone. - The main source of the thick
' Colorado Plateau debris transported by the Colorado River, with -

e 1nt:mswe rocks occur within the sedlmentary sectxon. L

' ""i:estward as underflow from the Colorado River, canal leakage and
'_'tards which channel and restrict water flow. ' It is conjectured -

through evapora.tlon a.nd evapotxansplratlon.

‘f_;-,_,,et al. 1975).

The total volume of water in. storage has been estmatedﬂ,,
" ‘between 0.20 ‘and 0.59 billion ha-m (1.6 and 4.8 billion acre-ft)

,""(Dlxtcher, et al 1972)

"rhe geology of 4*:he Impenal valley" is- comphcated thhj'_. |

" the valley. A detalled compllatl.on of these faults has been ° -
~ located: in each of these fault zones. - Many other concealed

- detailed investigation. The Salton Trough Fault Zone has been -

Fault ZOnes. ~Most ‘of the faults in this zone are concealed and ‘

ff. Brawley. 1ntercepted over: 4,000 n (13 000 ft) of interbedded fine
- section of Eocene to Holocene nonmarine sediments has been : :

_some contribution from local' sources. Tertiary volcanic. and S

Impenal valley groundwater generally flows northward and* EREaN

o - irrigation discharge. This flow is generally distributed . mto
shallow and deep water bearing strata. Flow pattern: complxca--i O
tions arise from the -presence of faults and stratzgraphzc aqui= .

;. that local convective patterns tend to. cause reglonal waters to - .
.. flow radially inward towards the geothermal anomalies. . All = . . .
‘water is discharged ‘from the closed Salton Sea dralnage bas:m__. et

The flow rate of wells 1s qnlte vanable throughout the,»,-;o
- valley, from over 3,800 lpm (1,000 gpm) in a shallow well in. the -

- southeastern valley to essentially nil in some shallow wells-in.

.~ the central portion. However, deep wells in the central valley - .
. flow as well or better t.han wells at, the valTey margms (Loeltz, sl

(Rex, 1970), with another estimate of 0.97 billion ha-m (8.0. « = =
~biilion acre-ft). of usable and recoverable water in storage




LJ SR e Art1f1c1a11y 1nduced recharge of Impenal Valley ground«

“ e A j'water from canal leakage and 1rr1gat10n applxcatlons has notably

x.';:‘ralsed ‘groundwater levels, especrally 1n the southeastern
T portlon of the valley.’ EREET L o

SR Selsmlc act1v1ty 1s wldespread and abundant in Impenal
o .'r,Valley. - Nine “earthquakes of magnitude 6.7 or- greater have

. occurred in the Imperial-Coachella Valley area since 1850; the-
~ - Imperial - valley" ‘earthquake - of 1940 was: the most 51gn1£1cant

sl Cevent in terms of human dlsturbance. It -has been difficult to
correlate much of the historic seismicity with active faults,

‘ct:_orre%a:tluon of mlcroselsmc:.ty wzth actlve faults has been more
~ . fruitful. 3 S ;

i chroearthquake actnnty 15 sometlmes assu ~1ated w1th geo-
RN thermal anomalies, and .its occurrepce may increase with geo=- '
. thermal development or 1n3ectzon of geothermal fluids. A number
. ‘of microseismic monitoring networks have been installed in
Impenal Valley by the U.S. ‘Geological Survey (USGS), Callform.a o

Instltute ‘of Technology (Cal Tech), and Chevron Oil Company. -
-+ .Changes in earthquake recurrence statistics and/or in the depth %
-+ and location of events from pre-productmn actzvxty may be used
”‘_vto detect productlon-xnduced selsnm:lty. e S

: Two -reports on env1ronmenta1 1mpact of geothermal develop- ,
soo-ment . An- Impenal Valley, which cover aspects complementary to-
- those covered in this report, have been published recently by
L the Imperial Valley ‘Environmental Project of Lawrence leermore
et Laboratory (LLL) These reports 1nc1ude" :

nMA Descrzpt:.on of - Impenal Valley, Cahfornla 'fbr the _
e Assessment of Impacts ‘'of ‘Geothermal Energy Development"-/
D Layton and D. Ermak August 26, 1976. B ;

:"Impenal Valley Env:.ronmental Pro:eet‘ . Progress’ "Repdr**'“ S
P.L.. Phelps and L. R._ Anspaugh, . eds., October 19. 1976

’\;i'l'he followlnq report on the geotechm.cal aspects of the. en-'? e :
- -',VJ.ronmental impact of geothermal ‘development in the Heber KGRA

--has been pubhshed hy the Electrxc Power Research Inst:.tute of :
.Palo Alto. Sl _ , S e S

L "SOme Geotechn:u:al Envxronmental Aspects of Geothemal o
" Power Generation at Heber, Impenal Valley, Cahform.a“-,.
v;GeonomJ.cs, Inc., EPRI ER-299 0ctober, 1976a.__ RIS SRR

o z 2 csommn sysms

S There are at least seven geothermal systems in the Salton
: 'rrough structural provmce. One is located 'at Cerro- Prieto,
\ Mexlco and the remammg s:.x are m Impenal Valley., All of




A "temperatures range from 135°C (275°F) for the low salinity fluid

. act in order to estimate the amount of fluids and chemical
,;jconst1tuents that will potentially be produced. The following
“.discussion is largely extracted from 'Ermak ‘and Buchanan (1976),

'*ef“eValley.

Aii have narrowed the discrepancy to one order of magnitude (Towse,
1975; Renner, et al. 1975; Biehler and Lee, 1977; Nathenson and
Muffler, 1975).. - These current potential geothermal resource

s cussed. below.

““ﬁicallcm3 -°C to arrive at a total estirmated stored heat of 175 x

“-‘qeneratlon potentlal,‘assumed that 25% ‘of the Renner, et al.
(1975) stored heat would be recoverable for an estimated total

15a(Combs, 1971), assuming that usable geothermal fluid extended to
‘f E]1sotherm or & maximum depth of 2,100 m (7,000 ft). He estimated
'9'}stone ‘with a specxfxc yield of 0.16 (Dutcher, et al. 1972). The

. the specific gravity of the water at 1.0, Towse states that

”fﬂee?much as. 150%.

,.thhese systems are 1ntermed1ate to hlgh temperature hot water .
/- systems with salinities ranging from over 1,000 ppm in the Dunes .
. and East Mesa KGRAs 'to 385,000 ppm in-the Salton Sea KGRA. Fluid

iJ  to 340°C (644°F) for the hypersallne brxne.~ A knowledge of the’
tug:antlty of the resoufce is pertinent in -assessing environmental

= who have recently summarlzed the geothermal resource of Imper1a1 L

P Estlmatlon of the geothermal resonrce of Imper;al Valley is
i _dlfflcultxat -this time due to the lack of factual data on actual . . .=
1 reservoir temperatures, volume, heat capacity and water-to-rock .-
"*f;ratlos for all but a small percentage of the potential resource. -
. Since only about 5% of the potential resource has been proven by.
- drlllrng (Towse, 1975) many assumptions must be made to estimate -
. it. Previous estimates have ranged over five orders of mag-<
o nitude (Anderson -and Axtell, 1971; Combs, 1971; Dutcher, et al.
. 1972; aelgeson,‘1968, Rex,71970).but more recent 1nvestlgat1onsv,

estimates, each utilizing. different methods and ‘assumptions of |
reservoir propertles, are summarlzed 1n Table 2 1 and are dls-

AR Renner, ‘et al. (1975) estxmated a reserv01r depth of 4,0007;;"
L iov.m (10,000 ft), considered .only. fluids with temperatures  above - .
1°.150°C (302°F)  and -assurmed a volumetric specific heat of Q. €

"*‘1015 joules (J) (1.66 x 10'7 BIU) for the Salton Trough. Nathen- S
son and Muffler (1975). in their assessment of electric power -

. .of 43.7 x 1018 g (4.14 .x 10!¢ BTU).. Towse (1975) defined the
.. geothermal reservo1r volume from a: temperature gradient  map

" whichever was less, 300 m (1,000 ft) below the 230°C (446°F) = .
. that 59% of the reservoir would be composed of permeable sand-gq:erj‘
~‘water enthalpy was-estimated at.550 x 10% J/kg (560 BTU/lb) and ©

s specxfying other reservoir propertles could ‘increase: the total f'
~ recoverable. heat est1mate of 20 x 1018 J (1 9 x 1016 BTU) by as

R Biehler and Lee (1977) estxmabe the heat - stored in. the;'fﬂf;l +
:?;<recoverab1e fluid from “excess mass™ calculatlons based on - -
-gravity anoma;;es., The reservoxr volume 15 vomputed by dividxngrj[r"

Hia Loy b
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RESOURCES )3 IMPERIAL VALLEY

';Stored Bean
in Rock .

7 Total fﬁ

Heat in Recoverabl
(All values 1n 10

o TABLE 2_1 ESTIHATES OF STORBD AND RECOVERABLE HBAT’IN THE GEOTHERMAL

i Fluid»l

‘f§>w and water
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;;46;0f“

“'fﬂ_ﬁsamr.°"xy
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”"L bModified from Nathenson'ahd Muffler (1975), based on Renner, et al. :
: (1975) and using a thermal energy recovery factor of 0.25: :

| :”ff:CTowse (1975) and Ermak- and Buchanan (1976)

dpiehler and Lee (1977)

i'esased on Renner; et al.
factar of 0 16 (see text “for explanation)

(1975) and using a thermal energy recovery :

1061  14.1
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S the total "excess mass" by the deqsxty contrast. 'l‘he reservo:.rk_-
.7 volume will wvary ‘depending on what: dersity contrast is assumed -
- between different masses. . Biehler and Lee (1977) provide a’
. range of ‘estimates based on possible density contrasts of. 0.1
coaglee (6 1bs/ft3)y, 0.2 g/cc (12 1bs/ft3), and 0.3 g/cc (19
. lbs/ft3), an average porosity of 20%, an average yleld of 80%, a
. - fluid density of 1 g/cc (62.43 lbs/ft®) and a fluid enthalpy of .
0 '«590 x 108 J/kg (560 BTU/1b). This approximation provides a
~ . range of estimates from 67.4 to 202 x 10!% J (6.38 x 10'® to
S0 .20 0 x 10” BTU) for the heat content in the’ recoverable fluid,
" which is much higher than: the Towse (1975) or  Nathenson and

Valley estmated by Renner, et al. (1975).

S . Another estmate of the recovera.ble heat reson:ce for.
S Imperial Valley is proposed here.  In this estlmatmn, the total
[ resource estimate. of Renner, et al. (1975)  is accepted and an -

m the reservoir)  is. -applied to it. ' This is similar to the -
* ‘approach of Nathenson and l'uffler (1975), but instead of using’
physical properues of the reservoirs is used. This. recovery

- yield of 80% (Blehler and ‘Lee, 1977) for an average recovery
. factor of 0.16. Us:mg these : figures, ‘the heat in storage in the

~entire Imperial Valley.  This estimate is nearly midway between -

- However, this estimate does not account for a dynamic hydrologic .
. system, where both natural recharge and injection of geothermal

ST reservon'.

: It 15 mportant to cons:.der that the Renner, et al (1975)' ﬂ

and  Lee (1977) estmates are for the patentxally recoverable
:’resource. : P : ke : v

'"commerc:.al quality and quantz.ty of geothermal water.»

fl;hed below.

- Muffler (1975) ‘estimates. ' The upper limit is even higher than =
‘the total stored heat in the rock and fluld ux the Imperlalv

‘ area specific recovery factor (the amount of recoverable fluid

.';-_the general recovery factor which they applied to all: geothermal‘_.‘; S
- areas in the United ‘States, a -recovery factor based on the

.. - factor uses_an average porosity value of 20% and an. average ' -

© recoverable fluid is 28.0 x 10'® J (2.65 x 10!® BIU) for the = =
' the Towse (1975) and Nathenson and Muffler (1975) estimates.

. waste water can take place. Both natural recharge and injection ' .
- wille :mcx:ease the amount of total energy recoveted from the FR

s ;eét1mate is for the total heat contained in the rock and water . - an
- while ‘the Nathenson and Muffler (1975), Towse (1975) and Biehler

N A].l mvestlgators agree that the Salton Sea geothemal‘*-,j :
Afleld contains ‘the major portlon of the resource, with Renner,. = = .
t al. {(1975). estmatmg it as 5C¥%,: Towse {1975) as 50% and . . .
‘Biehler and Lee- (1977) “as. 40%. -1t is apparent from these - .
“studies that considering the current state of technology, only
‘the Salton’ Sea, ‘East Mesa, Heber and Brawley flelds conta:.ni;;

: Descnptlons of, the 1nd1vidua1 geothermal fzelds are Qut- 1,.:




e .kz z 1 East Mesa mRA

o ngh temperature qra.dlents, relatlvely Yow sahmty f1u1dsA
- and a thick section of fluid saturated rock make the East Mesa .
... ceothermal field an attractxve area for potent1a1 geathormal
~:J>energy development. The sedimentary rocks and sediments are

.. relate. Vertical groundwater flow is limited by the lenticular
.. nature of the more 1mpemeable sediments (Black, 1975). The
s-% fluid is assumed to flow via fractures in the deeper, ‘more’
: ’;bnttle rocks Av.s. Bureau of Reclamation, '1971).  This as ssump=-
~“tion is supported by core sauples from the deep prodnction Zone

' cemented sandstone of . low 1ntergranu1ar permeability. . Core

o ‘the sandstone, contain shale wlth sllckensxdes and calcite-
o £111ed fractures.v_j;-",,f Ll : T

Randall' (1971) correlat;mns show that the surf:.cxal"

S is derived from ‘the coarser depos'ts of the Colorado River Delta
o surface features on drill cuttings. indicating the origin as dune
. sand, dune plain sand and dune sand reworked dunng lacustrme ‘
.~ processes (Rex, et al. 1971). IR

The Mesa anomalv exhlb:.ts luqh thermal grad1ents (COmbS. o

-~ high'temperature water or both. The positive gravity anomaly is
_indicative of more, dense rock. From calculations based on this

b‘”;fsxzed that the density contrast is.mostly within the sedimentary

" “cool.  Calcium carbonate would be prec:.pitated if calcium car-

'}"ﬂ:f_.f?been discovered in East Mesa, can be found in the nearby Dunes-
/. area. (Coplen -and Kolesar, 1974; Combs. 1972). Black (1975)
- densit thermally metamorphosed rocks resulting from rising geo-

- there is no ignecus intrusion and thereby tends to support: the;
‘f.thermal metamorphos:.s explanauon of the gravxty anomaly. o

‘relatively flat-lying (Randall, 1974) and difficult to cor-

© at 2,250 m (7,400 ft) in Mesa 6-1, which consists of well- . . .
" samples from a depth of 2,133 = (7,000 ft), 120 m (400 ft) above

: &eposits ‘are under],a:.n by & thick wedge of sandstone, up to
03, 700 m (12,000.ft) thick (Biehler, et al. 1964). The sandstone. ..

~and from windblown sand. - This is corroborated by sand grain

-0 1971), low resmtlv:.ty {Meidavy and Futrgerson, 1972), -seismic .~ -
;-;_-noJ.se, ‘microearthquake. ‘activity at. depth (U. S.-Bureau of Rec~ = -
- o.olamation 1974), and a positive gravity anomaly (Bxeh].ex:, 1971). e
~ - The low resistivity is mdicatlve -of either lugb salinity or = = = -

.gravity. data, Biehler (1971) and Meidav, et al. (1975) hypothe~
q"sectlon, and is a result of silica or calcium carbonate. depo~

~spition in the interstitial pore. spaces of the sandctone. Silica
~would be precxpztated as the hot geothermal fluids rz.se and -

- 'bonate-rich cooler water is heated as it mixes with hotter S
.+ geothermal brme. -However, no siliceous cap rock, such as has .

7~ proposes that the higher densn:y mass in the area must be caused
by the presence of an igneous intrusion at depth, or by higher -~

. therma fluxds. The ‘ebsence of a magnetic anomaly suggests. that e
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iy Valley, all of. these faults have been: ‘identified by geophyszcal
~electrical resistivity survey; however the control in the south-

"’ The unnamed fault cited by Rex (1970) and U.S. Bureau of Recla-

ex1stence 1, uncertaln.
o geothermal anomaly. However, faults may be aquitards as well as

- fluids (Black, 1975).

| ‘”_"Resource Base and. Productlon Potential--

'0.16 recovery fector (described in’ sec¢tion'2.2), the hzat in the

;for the East Mesa’ a. ea.

- sand permeablh.ty mdex..:

’?543fff* 

Four faults have been mapped on the Mesa anomaly since 1910 L o
(Flg. 2.3). Typical of. faults in the alluvial parts of Impenal"

techniques and none of them has surface express;.on. = The Cali- "~
- patria Fault (Meidav and Rex, 1970) locat.on was based on an -

- ern part of the survey was poor and the location of the fault -
-~ through the East Mesa geothermal field is quite conjectural.-

. - mation .(1974) is, in fact, the Calipatria Fault. The Mesa Fault.
. (Combs ‘and Hadley,1977) has been located by a microseismic.
“‘monitoring netvork.: .The ‘Holtville ‘Fault (Babcock, 1971) has -
-~been located v; aerial’ ax;d 1nfrared photography and n:s act.ualz,f,’ '

S o SOme or all of these faults may ellow ’ pward flow of geo- v
. thermal fluid, thereby controlling the location of the East Mesa

‘conduits.- - Though the = fault - itself. may not function as. the . o 3
- actual conduit, a fracture zone associated with the inferred =~ . =
- faults. is postulated as the. vert1ca1 conduz.t for the geothermal

e The resource -base at East Mesa has been estlmated by
- Renner, et al. {1975) at 2.30 x '101% J (2.18 x 10'¢ BTU). Of
-+> this total stored heat' 1n the watetr and rock, estimates of the -

-+’ "heat content in the recoverable fluid range from 3.0 x 10!% J
- (2.8 x 10!5 BTU) (Towse, 1975) to 3.12 x 10!'? J (2.95 x 1016 .
. BTU) (Biehler and Lee, 1977). For this £1e1d the Biehler and RS
. Lee (1977) maximum. estimate of heat content-in the recoverable .= -
“fluid is greater than the Renner, et a}. (1975) estimate for the
~total heat in storage in the rock and fluid. If we accept the -
‘Renner, et al. (1975) value: for the total. heat and apply the

T Flow rates’ and pressures vere measured for all the wells T
'except Mesa 31-1. Fig. 2.4 shows flow rate versus wellhead .. -
. gauge pressure for Mesa 6-1, "6-2, S-1 'and 8~1. As would be
--.expected, the flow rate for these wells decreases as the well-__;j

R e Mg W

- recoverable fluid is estzmated as 3 7 x 10“‘ J (3 5 X LO‘S B'w)

'l‘he Mesa anomaly was chosen by the USBR as the sxte for.
flve geothermal test: wells, ‘all drilled to depths greater than - b
1,800 m (6,000 ft). The locations of these wells were based on - -~
“the results of geophysical surveys and thay were drilled between

- August 1972 and June 1974. casuxg and completion data for these - -
- wells, named Mesa 6-1, 6-2, 5-1, 8-1 and 31-1, are given in
-Table 2.2. This table mcludes casing’ outside ‘diameters and .-
“depths,. slotted -and perforated xntewals. an_c,l' aver_age Saraband_- S




Impenal Valley

- "Lawrence Berkeley Laboratory Br:.ne 'Data Flle'“ by s.'
e Cosner and J. Apps (1977); a compllatlon 1nclud:mg 27

Impen.al Valley. :

‘thermal areas.. -

Thermal ~ Anomaly, : Imperial Valley, California"; by

3 _' Dunes well No. l._-

‘cluded in Hardt ‘and French’ ( 1976), the date contalned is ex-~

f(must be l:unlted to major. ‘constituents.

’2 3 1 Summary of Basehne Water Characterlstlcs S

‘depth intervals in Imperial Valley ' are’ presented in "Baseline

‘data that did not specify sample -depth” 1ucervals -were omitted

and - use, all water chemistry data have been included .for com-
}parlson. For all geothermal and nongeothermal wells ‘within 1.6
km (1 mi) of each Imperial Valley KGRA, tables have been pre-

cteristics - and dlstnbution, hydrologlc regmen and surface
ater charactenstz.cs. : v _ SRR

wells, mostly from the artes1an aqulfer :m eastern

- chemical ' ‘analyses of geothermal well waters in

Lol ,_“Geotechmcal Emuromnental Aspects of Geothermal Power :
Ahi Generation at Heber, Imperial - valley, California%; by

_Geononmics (1976a), includes analyses of a- number of .

geothermal wells  in the Heber and Cerro Przeto geo- o

e ,‘J“Prelmlnary F:x.ndlngs of an Investlgatxon of the Dunes o

. T. B. Copleh, et al. (1973); :anludes analyses of DWR S
8 A complete fleld canvass was conducted by the USGS, - Water;, R
i Resources Division, Yuma in the 19¢0s and the results are in- .
“”pected to give a fair representation of well use in Imperial

Valley.  Unfortunately, very little trace element ‘data were. : :
available for the nongeothermal wells so most of the compansons e

Basel:me chenucal characterlstzcs wf groundwater 1n t.hree,i

‘Geotechnical Data for Four. Geothermal ‘Areas in the United = . .
States" (Geonomics, in press) The report includes discussion =
‘of the groundwater - 'regime - in the" ‘context of’ aqu:.fer gdepth = -
;zones, or ‘hydrologic depth units, in-an attempt to -define ground .

water flow within proposed ‘hydrologic units; thvs ‘all chemical .=

',from the survey. In this report, however, since water pollutlon*':’ :
is defined relative to existing or natural chemical composition

pared which describe 1) well location, completion data, water - ==~
~and well use, water level and yleld ‘and . 2) chemical composi~ =~
" tion. - These tables allow Comparison of water chemistry between ..~
. ,geothermal and nongecthermal wells and will aid in defining

. chemical differences,. potentlal pollutlon and ‘the current uses - -

. of nongeothermal wells in the areas that are likely to be af-" " .

" fected by geothermal development.  Geonomics (in press) should -~ -
. 'be referred to for a detailed description of groundwater char-"
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* Imperial Valley" geothermal areas. The TDS content ranges from

385,000 mg/l (Cosner and Apps, 1977) in the Salton Sea KGRA.
‘+ The Dunes sample is characterized by an: apprec:.able proportion

River water, while the Salton Sea geothermal fluid is character-

, ized by hlgh sodium and chloride with significant calcium..
. Three additional characteristic  types of groundwater - both

dred mg/l to over 50,000 mg/]. . Surface - water ‘quality varies
from the purest waters running off the Peglns'ular Range to the

. years from 1941 to 1965 (Irelan, 1971). and is currently about
.. 900 mng/l. The sal:.n:.ty of agncultural return waters flowing
! into the Salton Sea varies according to the preoportions of canal

“New Rivers, flowing into the Salton Sea, is commonly about 2,500

iwater .

‘ ¥idually in an attempt to characterize the geothermal fluids and
groundwater - for each locality.. However; a major factor to

- geothermal well . (for example, ‘see two analyses of well No. 811
[Magmamax No. 1) 1n 'rable 13). PRSP N e .

2' 3.2 East Mesa xcm

: w1de van.atmn exlsts 111 the chemlcal character of geo-- :
.thermal fluids, groundwater and surface water in each of the -

. over 1,000 mg/l in East -Mcsa and the bunes KGRAs to more than

of calcium, sodium, sulfate and bicarbonate, similar to Colorado S8

'; geothermal ard nongeothermal,: have been defined in Imper:l.al' -
i Valley by Geonomics (in press). They are a ‘sodium. bicarbonate
.- water, a sodium chloride water,- and a sodium chloride with high -
’:.sulfate and/or magnesium water. The TDS content of these waters = -
varies, depending on areal location and depth, from a few hun- .

west, to imported ‘Colorado River water, to agricultural return -

water, to Salton Sea brine. . Penmsular Range runoff commonly =
contains only a few hundred mg/1 TDS. The TDS of Colorado River = -
,‘1rrlgat10n inflow has varied: from 637 to- 912 ‘mg/l in the 25 =

{water and drainage water. The range of TDS for the Alamo and’.

~to 7,000 mg/l. In 1967, the average DS for Salton Sea water-
was- about 36 000 mg/l whlch 1s sllght];y more sahne than ‘sea

i Because of these w1de aer;.al vanat:l.ons 1n water character -
;and quallty each of the geothermal fields is disrussed indie-. .-

remember is: that ‘even in an individual locality the TDS content G
and amount of individual constituents can vary considerably.
" This is often exemplified in. different samples from the same

Well and water use, and well completmn v'ata for all wells, sl
1dent1£1ed in and within 1.6 km (1 mi) of the East Mesa KGRA are : - S
given in Table 2.8. The locations of these wells are shown inm .. .. . . -
Fig. 2.9. Of the 73 wells identified in this area, 12 have been. . . ‘
used for domestic appllcations, four for industrial purposes, 40
are not used and  there are 1‘1 Jother or unknown applicatioms. -
The pattern of well use shown in Fig. 2.9, with different sym- -~
bols for domestic/industrial and geothermal wells, shows essen~ " .-
tla.lly all ,the domestxc/mdustnal wells on the western portlon
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TABLE 2 8 ‘DESCRIPTION OF WELLS IN AND WITHIN
(modified from Hardt and French, 1976) ST o
R ST S N L TR gD DC- D “HL CHN
S R St Dypooyes Ay MY 00 EE EAEM MT AE oATE Y10 E A
STATE NMBER L OMNEROR WAME © EL O NH TS ES A PP pS PE TUOE. TV WELL OF KL
STMENRR TR oaapoen e e b €T . TE TL OF L EE MEA- . WELL DY
g : AV URP R L M SH WD KL L0 CRL- SURED s
' = (N (M (RN (FRY (PN (FT) _(GPM)
C etz o, ST ".”" O R T X R R
- 1ssnss-zlaol : 5 pUu 0 leoma tnsT 4 29 6 x
. 155/16E-25601 besn 20 Eoocu oM 6 803 : @ nen '
A8S/M6E-2TNO1 €. mmzz - TR IOk T IR ' 3 F 1-61 1
1587163500 Weensupl jerz W 2 RN DR TR
L 188/16E-36E01 - B, MUSSBAUM WP wm U 6 6030 an 40 O F 261 X
U Y8S/1TE-20NO1  USBR 126 - . £ N1 sk 9 ST v
156/176-29801  USBR 203 Fooou R B Ay S0 1013
N e5%en  ussRe2 o173 iR U M6 03 0 N
ASS/A7E-31001  U,C.R. nu R et WL se 1) G
1SSA17E-31H01 - USBR. 208 Ny U K8 408 : ¥ N 173
- 1BS/17E-32R01 saa 210 1073 f Y Mo 6303 TR 12-13
- 188/176-33001 - U.C.R. 125 LHO SR SR S SRS P L il L
(1SS/1TE3N0L useR.2i1 W3 F o UK e g0 51 . 1213
165/16E-01801 Ugsn'zzs ~ RTTTUIRR SR T R 1,105 1,100 R S | 2
JeneE-oicar -SRI T S SRR NP ST R SRR : S
165/16E-01M0) Rt R I L | S R 22 4 a8 x
. 165/16E-03C01 SRTE Gy STORE N H W sse R Rt x
V6S/GE-11KQY “ALLEHGRAHIA-CLK'_IW{ LR R T 1,166,008 e v E A
16$/168-12001  USBR 208" . TR G R g eEy e 202 o913
165/16E-12N01  SCHNEIDER A SRR TR L EUEE WU - SRV x
165/16€-12001 - USGS P g ooy we o aes %W 10-61 x
168/16E-12R01 . USBR 223 - E A B A 09 12-73
168/16E-1380] T LINOEN GRAVEL . W SN W B 9 12-73 X
T6S/I6E-1IA0Y  KEITHMETZ 1 S0 N W W2 osu woF 9-61 X
16S/16E-15802  OLD ALAMO STORE: - P H M RIT A 12 -
T63/16E-24A01 _ ‘USBR 222 et FLT U R 1 N3 U 3
_164717€-05001  USPR 122 nooF U N e .85
J6S/1TE-05002 . USGS-USBR" LHA SR R S I RS L 52
. Nss/7E-0SE0T - USBR 123 772 ER AU FR IS 862 s I
16S/17E-06B0)  USBR 205 Y73 Fus K1 303 303 4 \ ,
16S/17E-06301 USBR Cll F 4 ) . 150 ° 36 : X
NS\ TE-aF0l  USER 212 Y3 F v w833 2 10.73
16S/17E-09¢01  USER s wioF o K2, 562 57 : :
*see Apyendxx II for explanation (continued)

oy B e




STATE NUMBER " OWNER OR NAME -

LR

bqrrapbif

Spe—Eem
et E
R . 17 < R

e
Y- R

l"t(lﬂ)f 1)

Temmesm |

~“wnmemmo
o e tur-] ! !

L BOm o R

e TABLE 2.8% (continued)

Zwamo
M
= B 4
5 R
4 LI =
VM-t
M

(FT)

”om'

RELL
MEA.

" suReD

bs’_v(cﬁn)j

YXELD
OF
- WELL. .

P)Q—Ihzn Vet
‘S :

348,77 165/17€214001
E 16$/17€-16Q01

165/12£~17800

165/17€+20N0Y;
" 165/17€-21A01

" Y65/18E-18RO0Y
165/18€~28L01

165/18E-32R0%

174/18€-05801

- 128/Y8E-06A0)

165/716£+15801

| **see. Appendix 11 for explanation-z'"

348 wsnn-tznm R

165/17E-16002

. 16$/18E-20R0)
168/18E-28R01

v 16s/8E-29008
165/18E-32601 -

-~ J76NBE-0180) - .
175/18€-02804 11D - -

#175/186~03801 " "1
175718£-03802 .
175/ F8E-03A0
175/18E-04801

. 175/18E-08R01 us
17$/18E~06001"
155/16£-1560)
155/16€-22101

C188/16E-23F00 L.
165/16E-14A02

10
R smva(. ;
D STARR f_ SR Lt I

TG0

1§ss'
1974

FOSTER :
HATTOR LABOR cane

165/17€-05A0) -
lGSIY?EoOGJOZL

‘YSBR MESA §<1.

USDF 214
US&R

‘M. R 1960. -
e SCHAFER wans 1 1958
S USBR 127 CIALE

T USR 216
st 20777
16SA17E-23R01 7 US

165/176-27001 -
- 16S/1BE~1SNOY

1.16$Il8£~|720\;*1‘USGS

s .
useR 217 -
usBR 221

USBR 218 -
USBR 208 . -~
ussR 114, ol
USBR 213 s

uses e

USBR 209 -
e LeRP: W
110 SR

001983

'ALAMO -STHOOL -

USBR MESA 641 1972

g
e

Ciyem

mmETo ivzzﬂ‘i::mt‘:tﬁmﬂximmjm'ﬁﬁaww:ﬁziﬁﬁ”'1 

T aek m zrifc SEZCE GCCCE GNOEE CSEES, MEZCSS . ¥

R

ki, iR DDARD

L

D st O

750
6
1, 100

158

Ras)
,I:‘ 45 "
188
185
o

L)

lSZ

i 128
"a64

F
A '
ez 18 F
f
F

e e
g0 W

e me
o

120 N
s v oW
60 18 28

195 . 17

1,028 . 17
8r7- 12

-6,0 : '
8, 030 7, 280 8.0\5 36

(continued)

SO I T

8 3

274

BEX R
aed -

264 -
2 { A

e
B 6-54 »

761
7-61°
i {

‘§-61
7-6!

B

N7y
. 2-64° T
T80

» % x 3x

e 3

PR R




OWNER OR WAVE

omreeesmen
CommE
e e
L e, T T
B et ) TR

B A T

oy

qmnpnﬁb L
(Eewmo
“omumn
Cmmesyem
rmeme

" DATE. YItLD
WL OF
S MEAE URELL

SURED -

e MO o L
AN X 3 R B

805 155/17€-31002
“ - 158/17€-30P0Y

“188/17E-06L01"
-~ 168/17E-08001
158/176-29M02
158/176-28N01

< 16S/17E-07L01 -
6S/17E-07P01

T USBA MESA 82
USBR MESA 8.1 -
USBR MESA 31-1 .-
CREPYBLIC 78-30
{REPUBLIC 16-29

- REPUBLIC 1828
A ?

GMA 44
MAGMA 48-7

et ar LT L
hae oooon

18,005
6,208
8 6,23
18,890
802 -

e s R SRS

. B 8




. EXPLAWATION
“ amncnm. wuLi‘ i
joomxmc on mousnm "“_.;;,g.

: “ifmnn Tee: or wzu.

ADOMISTIC/!NDUBTRIAL ANQ O‘I’HER TYP! OP VIILL::

f GEOYH!RMAL mn omzn wp: or wcu.

0 Mies - -
‘Kitometers’

%6 KoRA |
A

{CALEXI
+ RO¥ SN

MFX‘(‘ALl

23

NIT IR
5\9.690, i

Figure 2 9 Locé.tion of




'_of the East Mesa KGRA thh one 011 or gas well (No. 346) to-
. wards the south-centrai part of the area and all.the geothermal
‘or’ "heat reservoir" wells in the central or eastern portion. .
,‘Some of. the domestic wells penetrate ‘the artes:.an aquifer, with
_-perforated 1nterva1s between 138 n (452 ft) and 267 n (87‘7 ft)

i 'L'he other domestlc wells are up to 355 m (1 166 ft) deep. T

,Many of the wells listed as. *heat reservoir" are less than 330 m

(1,000 ft) deep -and therefore penetrate depths similar to those

"of domestic wells. "The distinct areal separation inlocation of

" the domestic and geothermal wells possibly suggests. a distinct

“hydrologic separatmn. either cultural, stratigraphic or struc-

‘tural’ or some combination.  In fact, the contact between the

‘Quaterrary lake deposits {consisting of lacustrine silt, ‘sand

~and ‘clay), and the OQuaternary alluv1um {consisting of alluvial

. . -deltaic sand, gravel and silt) is coincidert with the line =

sepirating the two well-use. areas, except for one domestic well .=

~',tapp1ng the artesian aquifer slightly to the east of the con~.

tact. ~This also happens to coincide with the division betweem =~ o ool
fi:he agncultural and nonagrxcultural land J. e.. t.he East ngh-'» B ol
‘line Canal. - o e ‘ _ ;,,, BRI

The directlon of shallow groundwater flow is. ge'xerally;lz E
v 'northwest, and the domestic wells lie down—gradlent from the: ' .-
geothermal ‘wells.  Therefore, assuming there is no hydraulic
~'barrier between these two well areas, if geothermal fluids were
~injected in groundwater aquifers up-gradient from the domestxc_' .
wells t.he flulds could eventually flow to. them : L

L All avallable cimemlcal enalyses for East Mesa geothemal RN
fluids are glven in Table 2.9, and for nongeothermal fluids in
.~ ‘Table 2.10..  The chemical charactenstlcs of the nongeothemal
'+ wells vary ‘widely throughout the KGRA, -« from sodium chloride -
~water in the shallow western port:.on to sodlum bicarbonate water -
~in the intermediate western portion, to . waters: with greater
“proportions of bicarbonate and/or sulfate- in the ‘eastern part. .
A1l of -the: domestlc wells that: have analyses ‘available have o o
1,300 to 1,830 mg/l TDS ‘content. - This 1is a somewhat high IDS ' - .
content for domestic water and is far above the USPHS :ecom—’; CUenliiEyn T
mended h.mlt of 500 mg/l TDS. SRR T D .

shallow ‘and - 1ntermed1ate depth nonthermal : grmmdwaters, s T
- occurring between 24 and 457 m (80 and 1,500 ft)} in the East

_‘Meca area, have TDS contents ranging’ £rom ‘abqut 700 to 2,500 - .
~“mg/1, ‘with much of it under 1,000 mg/1. Although the analyses
- for some of the geothermal wells in the area :show TDS contents ' . .-
--not much above these domestic: wells,, in ‘the 2,000 mg/l range,

" the -anticipated production’ .wells (e.g., Mesa. 6-1, No, 802 on
Table 2.9) will have TDS contents of 20,000 to 30,000 mg/1l ab -
well as significant amounts of trace elements. Thxs 1mp11es a
potentzal pollutlon threat 15 the more h1gh1y ceneentrated : g




TABLE 2 9 CHEMICAL ANALYSES OF GEOTHERMAL FLUIDS IN AND WITHIN
~'l.6 KM (1 MI) OF EAST MESA KGRA , ‘
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‘a Hardt and’ rxencn, 1976
c= Cosner and }pps. 1977
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Kaufmann, 1976. Samplznq data are not sgecxfxed.
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- MAP NUMBER = 205

Date
*.. 'Reference
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* - MAP NUMBER . S 0323
o Date " ... 7 12/70
~’Reference’. . .. 7.

~‘Units o S mg/l

" TABLE 2.10,

337 ..
3/72

mg/l

351

10/63 T
mg/l

~(continued) -

357
9/63

: mg/l

5&4-f’
e

. mg/l

" Temp.-C . a3
U pH L S
L Sp Grav.

_ _ 8.1
. §p.C.epmho - 2,800

33

8.4

4,450

33,9

2.6
’3.260

8. 1
1, 3

70 -1,

3.5

3.6
300

. 630

Segum’ . o 1;520}3
T SRR Y )
560

120

‘3.9

405

2,620

130
5.2
736

4

1,380

‘8.3
583

1,960

65

200
898

208
235 .
200

RS R
e
RERRERA N g

"y
o
Lo TON
o ree 41
SN oM
woo

55

e
vo
RN

(74

|l
O
N
N

o

§ st A o . -
-Othe:s i B e

'”*Na + K valne

s2 .

s oo 0.1
er ffm!g" R
v‘- g . co i - . o LT . 3 .“8. ’ .: )

R B I IR 0 A B TR RY S A S T D O O OO B

‘8 = Hardt and Srench. 1976

NN BERE RN SRR RN v

' (chgihued{:

R A N DR R TR N N T T IR A T T Y O

-
Kl

NI U N R R R

TR NI R L N
1 TR R R R NURT S

2.4

. )

N
N

©
MR N

P N I |

o
~

EEEEE)

vo,'.
n

Srerr v
N
.

(74
L7

64

PRI




"~ MAP RUMBER.
- Date :

- Reference® -
Units " o

"y TABLE 2.10. (continued)
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TABLE 2.10- (continued)

~MAP NUMBER . . '~ ' 425 739 - 74V 7142 ‘745 747
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o geothermal fluid escaped into the shallow or 1ntermed1ate ground-
i water system or to the surface waters. ‘ ; TR

in addltlon to poss:.ble 1ncreased sallnlty problems if geo-
" thermal fluid escapes into the groundwater ~or.surface water -

.. systems, some trace element contamination may ‘also,. result. For

East Mesa geothermal fluids, trace elements that have been ana- g
lyzed (Table 2.9), and are above USPHS 1limits for drinking water

" use (Table 1.8), are arsenic, barium, fluoride,” lead, selenium
. .and silver. . Trace elements which are above. USPHS recommenda~
". tions are iron and manganese. Arsenic concentrations of 0.26
. mg/l and 0.22 mg/l1 have . _been reported for Mesa 6-1 and- 6-2

- respectively. - These values are about four to  five -times the

10.05 mg/1 limit for arsenic. A number of high barium concentra- - R

~tions have been reported, up to 42 mg/l in Mesa 6-1, which is

“over forty times the: 1 mg/1 USPHS. limit. Fluoride concentra~.. o]

e - tions slightly above the 2.2 mg/l USPHS limit:-have been reported

for Mesa 6~1. However, similar fluoride concentrations slzghtly;', ST
~“over this limit have &dlso been reported for domestic -artesian . *
“wells. A lead concentratlon of 0.2 mg/1l has beén. reported for

Mesa 6-1, which is about four times the USPHS linit' of 0.05
mg/l. A 0.5 mg/l concentration of’ sélenium has been Teported

for Mesa 8-1, compared to the. 0.0l mg/l USPHS limit. A silVer ' -

-~ concentration slightly over the 0.05 mg/l USPHS limit hac: been

. reported. for Mesa 6-1. Concentrations of iron and manganese -
" have been reported that are above USPHS recommendations: - Values

i of 8.8, 2.2, and 1.1 mg/l iron have been reported for Mesa 6-1,
. 31-1, and 8-1, respectively, compared. to the.USPHS 0.3 mg/l -

~~ recommendation. A 1.26 mg/1 ‘manganese concentration, about five

k - times the USPHS recommendatlon, has been reported for Mesa 6-1 ce

S Water sallmty is an ub1qu1tous prohlem in East Mesa wlth .
.. respect to irrigation ‘and livestock water, although the upper -
~1limit of 5,000 mg/1 TDS for livestock may allow some of the less
K concentrated geothermal - fluids to be used for. this purpose.

~“Trace element concentrations exceedlng dirrigation standards are

~.- boron and copper. Boron concentrations: commonly rangeé. from over
2 to 10 mg/1 for many geothermal wells, and  from -2 to 3.5 mg/1 -

- for many domestic artesian wells. Boron concentratlons ‘over

about 3 mg/1l are hot good even for boron-tolerant crops (Table

©7;1.13) and concentrations over 1 mg/l are not good for boron- :
: _sens1t.1ve crops. A .copper concent-ation of 0.89 mg/l is re-

.. ‘ported in Mesa 6~-2 while the crop threshold value, the value'
.= g;uhere a’ farmer should become concerned about the concent;ratmn,‘
1s 0.1 mg/l ‘ 2 e

Based on a productmn fluxds DS concentratlon from 2, 000 .

- to 30,000 mg/l, the projected total amount of dissolved sollds.',
brought to. the surface by potent1a1 ‘geothermal production . at

East Mesa is estimated to be 3.28 to 49.2 million kg/day (7.2 to o

- 108 million lbs/day) (Table 2.7), or from 35:.9 to-539 billion kg L

(79. 2 to 1,188 bz.lhon lbs) over- the antlc:l.pated 30 years of

| f%;fga 5 i




i 2 3.3 Salton Sea KGRA -

: power productlon. This will result from an estimated total
_brlne ‘mass production of about 1.64 billion kg/day (3.62 bil-
~-lion lbs/day) - (Table . 2.6). For chemical ' constituents with @

. .concentrations of 0.1 ppm or 100 ppm, the dally plant chemical

..~ . throughput would be 164 and 164,000 kg/day (362 and 362,000
<. 1bg/day, respectrvely (Table 2.7). 1t is ant1c1pated _however,
-~ that the great majority of these chemical constituents would be

- ‘injected back into the hydrolog1c unit they were removed from,
,thereby nu.nlnuzlng pollutzon or ‘waste dlsposal problems. :

e

G Of the 31 wells llsted on Table 2 11, Descr1pt1on of Wells
--in and within 1.6 km (1. mi) of the Salton Sea KGRA, -at least 12
~ "are. geothermal wells. -The location of these wells is shown in’
7.~ Fig. 2.10. None of the: groundwater 'is ‘used domestlcally in
= this area, -although wells supply. water for industrial or recre-
- ational use. The remaining well water is unused or is listed as -
L ;hav:.ng "other" uses. Only four of the wells are listed as. water. :
,,wa.thdrawal wells and three of these are geothermal. L

- From thls prel.unlnary survey of groundwater use in the. S el
- Salton Sea KGRA it seems that the major.groundwater use is for .- -7; .-
-~ potential geothermal energy - production “and therefore possible
' ground water degradation is not as critical here... This is
7 supported by the fact that groundwater flow towards the Salton
“Sea leaves only one recreationally used well somewhat down-.

- gradient from the geothermal wells. However, the possmlhty of.
~chemically degraded and thermally polluted shallow qroundwater =

‘seepage recharglng the salton Sea must also be considered. At

.- this point, httle 1nformat10n is avallable concermng th1s T
S mechamsm. . , e

'.['he areal dlstnbutlon of - the dlfferent types of . wells

(?1g. 2.10) suggests ‘a clustering of geothermal wells with the

" other well types around the geothermal cluster. There appears .. - '
. to be a general northeast-southwest trend to the geothermal well “°
" locations. - They occur near the southeast shore of the Salton.
.. 'sea, with. .a suggestion of clusterinyg along the Brawley -and
.. Calipatria Faults. = all of the wells in. thls area penetrate
S .wsurflc:lal Quaternary lake seda.ments.,N ' e B

S The two samples of shallow depth 1nterva.1 (24 to 91 m [80[ :
" to 300 ft] depth) nongeothermal groundwater ‘' (wells No. 36 and -
..73), within the Salton Sea KGRA proper, seem to be a mixture of -
. the characteristic sodium chlorxide calcium Salton Sea geothermal
" water, and the sodium chloride with high sulfateé -or magnesium
‘Salton Sea water, although the TDS concentratioris are much lower. -
< tham either: 1,600 mg/l for well No. 36 and 5,600 mg/l for well -
. Ng. 73 (Table 2.12). Two groundwater analyses just outside the -
.+ KGRA boundary (wells No. 67 and 79 in Geonomics [in press]) are .
characterlstlc sodrum chlonde wlth h19h sulfate or magnesmmg -

I T R N TR AN e B, e N O Lk - ' B e L)
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TABLE 2. 11 DESCRIPTION OF WELL SITES AND WATER SAMPLES IN AND WITHIN 1 6 KM
(1 MI) OF SALTON SEA KGRA* (modlfied from Hardt and French, 1976)
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‘901, VIS/IZE-27TNO) | ELMORE 3 - 1974 N 0 6. 416 2,510 2,007 2,505
602~ 11S/33E-25101 - SALTON SEA cwm 1933 N “y. 9. 960 450 500 , »
: 108/13E-27801 -~ MUD VOLCANO, ETNA surface water sample o i X
125/12E-29N01  POE ROAD SPR!NG .. surface water sample x
. 11S/11£-21P01  SALTON SEA E surface water sample x
o ) “11$/13E-22H01 - . ;‘ALMO RIVER » v surface watet sample x
el e L *see Appendxx i1 for explanatlon : -
- ‘ ¥
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EXPLANATION
 GEOTHERMAL WELL

- POMESTIC OR INDUSTRIA LowELL o

 SURFACE WATER L ,
*" GEOTHERMAL ,AND POMESTIC /INDUSTRIAL WELL o
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B

o . B
'pOL ‘ROAD SPRING
BN i i o e
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OTHER TYPE OF WELL:

 GEOTHENMAL. AND OTKER TYPE OF WELL

Figure 2.10 ‘Location of wells in salton Sea
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TABLM 2 12 CHEMICAL ANALYSES OF WATER FRQM SPECIFIED SITES AND
NONGEOTHERMAL WELLS IN AND WITHIN 1.6 KM (1 MI) OF -

SALTTHJ SEAk!QSRA

-MAP NUMBER -
-pate : a.

- Reference
Un1t4

36

. 5/6’
ng/llf

73

Mud. . Mud " Poe
.. Volcano Volcano Road
Etna Etna - Spring

i 7/62 " 3/61 3767 5776
: 'CDWR~ CDWR . CDWR

Poe
Road’
- .8pring
5/67
CDWR
ppm

) Temp.-c .- 27.8

B

i - ,
3,120

mg/l ‘ppm . ppm - ppm
27.8 ‘

7.2

9,3

o200

6.0 - 6.8

NN

70 61,730

2)

LR B &

TDS~sun
o Ca
Mg
Na
K
HCO3
. so‘
.Ccl

© 1,600
. 1:4_
9 i

384%° '1,300% 13 500

'sieoof‘51;632
476 2,083

2

-

'1oo-'

275

710

S 700 1,536
12,9

02 1,714

410
40 2,013

BEEEEE R
it O
0
p=

00 27,900

ter gy

Ag
- AY
NS
B
Ba
Br
cd
SN -
Qo
Cu -
O F o
o
o T
Mo
= 5
: NOj -
L Pb
Tl ro‘
5103
8K
i 2n
A o

RN

R R B BN S R R RY RN BN SRR I SRR B )

h

. *Na + x,value_/v

O T T B R S I B B I 0 S TS Y O

,(continued)
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D=3
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x-J

-

<0.C08.
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€0.002 -
0.240 .
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‘.;o 0024;
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. MAP NUMBER
- Date

Reference
Units

. TABLE

Salton
Sea
5/67

- 'CDWR

pPm

2.12 (continued)

Salton '

Sea
6/67
CDWR
- ppm

Alamo

River

©6/67

CDWR

- ppm .

Alamo

River

3767

CDVWR
‘ppm

:,34 .

z/ea';'

" Temp.~C

vgp Grav.‘: .
Sp C.~pmho ~

7.7

42,100 -

35

24

8.0
3,510

40

33,780

TDS-sum -
Ca .

wg

Na -
K
HCEO; .
S04
cl

37,032 .

954

. 1,078
10,500

.172

203
, 8.146*_
15,000

J‘il;ljvll t

© .2 538

191

S 1)
14
220
782

- 639

NN NN

123,270
o 854
232

7,200
504
1,684
377

12,420

Ag
<Al

Ar
As

B

Ba

s BT
e
- Co
U du

F .
Fe -

TR

m
o
el

MRS
- NOs
BB - - IR
S POy
oRb e
< §10g
) o
cZn.

Zx

"HaS.

o,
Others

o
AR
N S

EOERT R R T 0 R AU I A R B
R s .o ~N X

»

ATV ELE L

0. 0008

A
[+\]

. <0. 002

-<0 005

© <0.0005 -

0,005

S .01b
v1<0.2 5

0.016

: 0 0l

©.003
<0.002

6*
v

o )
NG II
N

o

9

(RN

U <0.4

L R
S I

<o.064’
<0.1

- 6.02

. . ' <0.002

0.0074

. 0.032.
<0.4

6.133

0.0016

- 0.038

0. 0032
 0 0034“
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i

e aa Havdt and French, 1976 .
‘CDWR = Cal. Div. Water. Resourcas, 1970

bAu=<o.04
 Be=<0.004
. Bi=<0.08 -
er=<0.002 -
 Ga=<0. 08

Ge=<0.2
La=<0.08

§b=<0.4

Sn=<0.08

"~ Ti=<0.5

T1=<0,08
v=0.01

A P i ey

CBe=¢0.002
Bi=<0.0005
Cr=<0.001

* Ga=<0. 0005

Ge=<0.1 "
Sb=<0.2

. $n=<0.04

Ti=<0.04

V=<0.002

TABLE 2.12

FOOTNOTES

dAﬂ‘(l

‘Be=<0.0005

Bi=<0.005

e Cr=<0.002 7
Ga=<0.0005 "

<
. La=<0.08

Sb=<0.2

8n=<0.04

Ti=<0.04
= 0 003

.99

,(continuédxm

 Cpu=c0.04 .

Be=<0.004
Bi=<0.08

. Cr=<0.002

Ga=<0.08

$b=<0.4
Sn=¢0.08

CPi=<0.04

T1=<0.08

'v=0:0066

e
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" -waters with TDS concentratlons of 1,490 and 15,200 mg/l TR~

spectlvely. Although these wvaters. are too sahne for drinking
or 1rr1gatlon uses -some of the lower. salinity £1u1ds may pos=-
sibly be suited. for livestock appllcatlons..

The rest of the wells in the area penetrate the deep depth

. interval (deeper than 457 m [ 1,500 ft]) and contain highly

saline sodium chloride calcium brmes with TDS contents from

L 34,000 to cver 300,000° mg/l, with about 200,000 mg/lL average
e (‘l'able 2.13). “This is obv1ously very saline water--not ‘suit-
e able for any dr1nk1ng, 1rngat10n or l1vestock use.

 Highly concentrated brines such as the geothermal fluxds” '

also commonly have high ‘trace element concentrations, which are

. discussed below (Table 2.13). However, it should be kept in
" 'mind that to isolate one component ‘of -the brine and call it -

toxic when the entlre br:.ne ltself is tox:.c may be somewhat

: m1slead1ng. B

Boron concentratlon,v a cr1t1ca1 element for: agrzcultural

: appllcatlons, ranges from 92 rg/l in well No. 815 to 540.5 mg/1l
in well No. 816. This is far above the 0.33 to 0.67 mg/l range’

acceptable to boron sensitive crops (Table 1.13). There are no

~boron analyses available for nongeothermal wells in this area; .
- _however. boron content for surface watet ranges from 5 ppm at Poe
Spring, to 9.2 ppm at tlie Salton Sea, t_o 94, ppm in the Etna mud
.wvolcano (Fig. 2.10). The boron content of agricultural return
.water measured at the Alamo. River (Flg. 2.10)  had values of
0.42, 0.8, 0.7 and 0:26 in 1955, 1960, 1964 and 1967, respec~
tlvely. Even the highest value here is within the "pernuss:.ble,

for sensitive  crops" .range (Table 1. 13) Boron contamination

. would be an extremely’ senous problem in the agncultural econ~
’ omy of Impenal Valley.__' : , _

- The geothermal flulds are also above USPHS dr1nk1ng water, _
..., .standards (Table 1.8) in cadmium, arsenic, fluoride, copper;
banum, 1ron, lead manganese, gilver, z1nc ‘and radmm-zzs. :

S Cadnuum concentratlons, _ above the USPHS drxnk:.ng water S
;-,‘-standard of 0.01 mg/l, of 2 ppm and less than 40 ppm are re-
.+ ported for wells No. 808 and 815, respectively, while surface

- water samples from the Etna mud volcano and Alamo R:l.ver are less_
’ than 0. 4 ppm. o - , , :

RN Arsenlc concentratlons. v above the USPHS dnnklng water .-
-x_standards limit of 0.05 mg,1, are reported to be 0.16 to-100 S
“'mg/1 at wells No. 810 and 815, respectively. There are no
.. arsenic analyses “x\rrently avallable for . other wells or. surface R
S _,\water‘ _ _ :

100

I L PO LTI VI T SO PPN R u,c-v-hw kT Lt L

B Fluoride concentratmns in geothermal vells range fiom an "i
acceptabie 1eve1 of 0.8 mg/l in well No. 815 to 15 ppm m well;f

el i e

/ ,;_%g" L
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] 6 KM {1 MI) OF SALTON SEA KGRA

. MAP NUMBER
Date.
Reference
Units

,"ub‘c‘

ppm

C C.
©mg/l  ppm -

go6d  808°
- 4/66

gog . - 809
5/73 -
5L

‘mc/l ppm

o

TABLE 2 13 CHEMICAL ANALYSES OF GEOTHERMAL FLUIDS IN AND WITHIN

s1of

3/65
"

mg/1

.Temp.=C

. pH

- Sp. Grav. :
Sp C.-pnho

191.1

300 315 5 -

8.9 5.2

-
-

4,64 -

146

27.5.

o 1.023
47,600

'TDS-sam
. Ca

Mg

Na
K o
HCO;5:

©© 219,500
- “21100 31,500 28, 000 33,000 27,800
S ‘ 537 100

- 27

47,800

14,000

12 700

318,000 257,800 300, 0001259 000

16

62,870 S0, 400 51,000 53,000

20 BOg 17,500 20 000 16 500 -

49

‘ 5.4
185 000 155 000 182 300 155 000

150

35,963
1,130

. 74

*.10,600 ’

1;250,.
5§74
621"

19,700

" Ag
“al

© Ar
As.
B
‘Ba

. Br

cd

Cs

Co

QTR o4} SIS
F

© . Fe.

Hg
5 S
o Moo
‘ Mn :
CUONHe .
- NOj

 PO§

290
196

17

S 1900
L fTDSchsidue oh cvaporati0n f

" (continued)

a

L L2  7
_71:2009
950

‘7-', DR |

<15. 4.

.40

20

-V -

350
480

P

1z

270

e -

2,500 2,
STes 0.

390

235
120

2 .
C 14
x ;

15
290
006
e
570 1,400

Y T

.,;20:

135
. 800"
. 400

540

R “-'

8,000 = o =
cr=<1 . Au=
- Us=16"
. gb=0.4

20
2,600

g a

22 el
7. =
410 " 390
230 250

40 -

2,000
250 . 210
2,000

700 -
1, 500 . 400

‘470 440
600 - 500

=¢0.1 $5=30

- ex= 0.16 "

o gn=0.5

101

S oTets

1,370
c.48 . -

- 500

L e

~0.16
100
3
15

0.7 -

6.4

29

- 1=4.5 o
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w0
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120~ 80

T120
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' . MAP NUMBER

- Date 7

Reference
Units

| TABLE 2.13

815 815

, Temp.~C
R .
~ Sp.Grav.

.. Sp.C.=pmho

(continued)
812 813
c - Cc
mg/l - mg/l
6.5 4.0

7/67 - 4/75

- C

ppm 'mg/l .
© >100 1055
5.3 -
1.220 -

38,900 203,406
2,e18 23,600

. 8,562 47,300

110,000 372, 0001 153,300 266,5601 -
"16,000 - 39,700
74,000 59
20,400% 74,700,
e 21,900 -
- 300 =
2000 -
65,000 216,000

. 58,443 .
. 14,918

25,992 - o
736 35
0 -
19 -

*Nc K value '
tTDS Rcs‘.d.xe on. evaporatmx.

(con.ti.nued)

B R R B U A O R A Y
BN L U R SO T R I T O

R

- 4,000 1,480
R L

©71,080 0 41
. ‘ 155

S SRR AR I A )
-
]
N

-
-

.518

AR

5.5

% .

S
L

239

2102

93,650 154,590

56 -

241

t
A
o
L
-

14 0.8

1,518 1,148 4,100

287 -

1,025 7 /500
e
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. TABLE 2.13 (continued)

- MAP NUMBER 816 B16 - .818 818 . - 'g1r8. - . 818
Date .- . O R S - 2772 7 3/72. - 10/76 -
- Reference -C ‘ P P H ) H- €
- Units . mg/)} - ppm. Pppm - mg/l mg/l “ppm-
Texp.-C ~199 - S e 171 - - -
R 4.0 e 6.2~ 6.4 . . 6.2 - 5.1
- Bp.crav.  1.207. 1.207 1.076 - - -
Sp.C.~ymho® ie T e e e - -

PP

TDS-sws 321,400 7 334,987 131,732 . 98,6001  167,000%1 -

Ca. 134,220 34,470 - 8,550 7,800 .. 14,000. ... 11,0C0
Mg A 18 18 65 - 120 . 180 el
- Na - .o ' 66,000.°.° 70,000 49,257 30,000 85,000 23,000
Ko < --24,400 . 24,000 2,881 " 3,200 . 7,200 ~ 5,080

. S04 . e 34 - - . - C
Seyr e 192,100 201,757 'S9,015 - 52,000--.92,000." 85,70

- v o > -

- - - e - [ - -

- -

A

3
2}

RN

[ S I A |

w.

B sa0 149

-

FE
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”‘1‘”340°c Temp. measured 6/64

Cosner and Abps, 1977

Palmer, 1975

d181°C Temp. measured 1964

;hi,i . ®Brine after steam flashed

fUnflashed brlne S

Ypu=<3 . §=390 Ga=c2
. Be=<0.05 Sc=<0.5 Ge=5
o si=24 o pi=<8 . Se=$20

e

pmS<1 . Ta=s8 . Irs<Z
=<3 - . . W=<3 :.Pt=<3

 EF=3 0s=<2  Bi=3

it 222Rn

234. ¢

. 238 1
. 2300p
j@‘232Th

S A e e

nunu.uanu

" 'ﬂ‘ﬁiﬂ'.\lﬁ“

. Ru=<5.
=<0.08 L V=<0.8 Y=<2'
ST
Lu=<1 Re=<2  T1=<2 .

FOOTNOTES

Hardt and French, 1976 f, _—

Nb=<2

Rh=<2
Pd=55

U=<1

‘Co=<0. 8

Cr~<0 8-

10, 000 t 42 pC1/1 Qi);
1, 500 + 71 pC1/1ﬁ o

- <0~ 41 S pCi/lc

- 0.3 % 0. 3 pCl/l"' ,V
<0 089 pCl/la-_

Average of several hundred analyses

CIn=<2 ,
Sn=¢20 - La=20
§b=<3 -

Te £5-

=<2

e=<1
- Pr=<2

. TABLE 2.13 (continued)’

Nd=<3" -
Csm=<3 '
‘Eu=«<5

=<3

‘f'hThe followzng radioact1v1ty measurements are from O'Connell ‘and .
Kaufmann, 1976. Sampling data are not spec1£1ed. -

AT

=1
Dy*<3

~Ho=«
,Er=<3 ;



" No. 808" ‘Surface water analyses of 3.6 and»'3".,2' ppm, somewhat
~ above the USPHS drinking water standard limit for fluoride, are

~reported for the Etna mud: volcano-and. the Salton Sea, respec-
Ctively. CoEEE Rt o PERE EESPEET

1o 7+ copper concentrations range from 2 to 130 mg/l for geo-
thermal wells No. .41 and 815, respectively. ' All the copper
~analyses for geothermal wells are above the USPHS Drinking Water.
- Standard recommendations, while all the surface waters appear to :
“““have acceptable copper contents. - No copper ‘data' is available
- for other wells in the area. - I O T S

Barium concentrations range ' from 3 fig/L .in geothermal well
No. 810 to 480 mg/l in geothermal well No. 806. _All° of the

geothermal wells are above the USPHS limit of 1 mg/1 for barium,

. while all the surface water analyses indicate acceptable bariuvm '
~values. No barium data is available for other wells in the. "

area.

7 All" the Saltop - o tNermal weiisv“havé iron contents

. " higher than the USPH: ‘. .s<ing water recommendation of 0.3 mg/l. = . .
" The reported range .~ . -2z 0.7 g/l in well No. 810 to 4,200 .

, mg/1l in well No. < ' *li repuited surface water -samples have

~ acceptable iron cc... - o 0o R ‘ ' . :

i
SR

Lead contents - ..~ -uquexr then . the USPHS. drinking water =
© limit of 0.05 mg/} . - licctea for all the geothermal wells.:: '
“ . They range from 6( - weli No. 815 to S00 mg/1l in another .
. analysis of the -~~~ .- All of the reported surface water- .~

.~ analyses have ac - :ead contents. . TR L g

7. " Reported r - .-urtents of ‘Salton Sea geothermal wells :
range from 9.t . .. %wzil No. 811 to 7,500 mg/l in well No.. ~ °

© 8150 The USPE  ~ is 0.05 mg/l and surface water samples at

" :the Etna mud = = .3 «? roo Soring have manganese contents of

3.0 and 0.2 - . respectively, wnile Salton Sea .and Alamo:

- River watert ' .cs:0W the USPES wanganese limit. . S

: " A'silt’ =aitent of 1.4 mg/1 has been reported for well Nou:.
.. 808. -This L. considerably above the USPHS limit of 0.05 mg/1l.
" All the < .riace water samples have acceptable silver content. .

" “"All the geothermal wells have excessive zinc contents ' ... 7w
-~ ranging from 500 mg/l in well Nos. 41 and 801 to 6,100 mg/l in . :
. 'well No. B815. All of .the reported surface water analyses are .
. under the USPHS limit of Smg/l. =~ = - . 7 e

Based on a production fluid TDS concentration of 300,000

~ mg/l, the projected total amount of dissolved solids brouglit to
" the surface by potential geothermal ‘production of the Salton Sea .
o ‘geothermal field is estimated to be 378 million kg/day (832 . -

© -million lbs/day) (Table 2.7), or 4.1 % 1012 kg (9.1 X 1012 1bs) .

s
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S .over the ant1c1pated 30 years of power productlon.' This would
- result from an estimated -total brine mass production of about
~ 7 1.26 billion kg/day (2.8 ‘billion lbs/day) (Table 2.6).  For
‘chemical constituents with corcentrations of 0.1 ppm or 100 ppm,
. the daily plant chemical throughput would be 126 and 126,000
“ kg/day (277 to- 277,000 1bs/day), respectlvely (Table 2.7). It

f““ls anticipated, however, -that the great maJorlty of these chem-

0 ical constituents would be injected back into the hydrologic
. unit they were removed from, thereby mrnlmlzrng pollutlon or
" waste’ dlsposal problems., s : :

2 3.4 Heber KGRA e %

et al. 1972) indicate that water entering the shallower water

. bearing strata in the eastern part of the Heber KGRA will flow
. to the west, then turn northward and flow toward the Salton Sea..-
~-Shallow groundwater enterrng the western portion of the Heber

. KGRA, from the Mexicali Valley, will only fiow northward towards

"~ ‘'the Salton Sea. " This means that any pollutlon escaping into the

‘groundwater system will form ‘northward-growing plumes and their
shapes will depend on the number and relatlve locatlon of the
.pollutlon sources.._'- : o

S A total of 22 wells .are reported within the Heber KGRA
" (Table 2.14, Fig. 2.9). - Seven of these are listed as heat

. one geothermal recharge wéll, two unused water withdrawal wells,
- .and ‘two are reported as destroyed. ‘' This compllatlon indicates

~ 'that there is currently no domestic or agricultural use  of

"groundwater 1n or w1th1n 1.6 km (1 m1) of the Heber KGRA.

S Currently all of the geothermal wells 11e on an east-west
'.trendlng line, about 8 km (5 mi) south of El Centro, all within

x}'the 1rr1gated agrlcultural area. . They penetrate Quaternary -

~"lake deposits . consisting of lacustrine silt, sand and clay on

- ‘the surface and lie between. mapped traces of the Imper1a1 Fault
.~ and. San Jacinto Fault. Additional -fault traces’.in the Heber .
~.‘area, -which. would be more: 1nt1mate1y related to the geothermal .
system, will probably be identified with further drllllng and :

3{;deta11ed geophys;cal rnvest1gat10ns,;”

. sulfate (Table 2.15). The TDS range for these waters is from

' about 3,000 to 10,000 mg/l.” Based on these few nongeothermal;‘ _
L iwell water analyses there appears to be a -shallow ' groundwater : -

"ﬂffsallnlty gradient, with TDS contents increasing from about 3,000
.7 "'mg/l in the southeastern corner of the Heber KGRA, and increas-
'ing to the north and west, to abeut 10,000 mg/l in the northwest

: Vﬂf;f};corner,of thie KGRA. - One deep nongeothermal well, USGS-LCRP 7

Groundwater level contours (Loeltz, et al 1975, Dutcher,

"reserv01r -or geothermal wells and six of them are being used... - .
-There are nine wells listed as observation .wells, one test hole, -

" Available shallow groundwater analyses indicate a sodlumj"
.chloride water with 'a small proportion of calcium, magnesium and

Aot el nimenss el i
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TABLE 2 14 DESCRIPTION or WELLS IN AND WITHIN 1 6 KM (1 MI) OF HEBER KGRA*

(modified from Harc..t and French, 1976)

SRR, , ) R0 W s E6 6C 0 wi ) CHN
e T N s Ay WU D CEE EA L EW AL AE DATE  YIELD EA
Fm. STATEMUMBER . OWNERORNAME .~ EL NHW TS ES I .PP - PS PE . TUE TV WELL  OF - ML
BER. Lo T AL El EESLLE AL ET UTE TLOOF EE MEA- . WELL 1Y
e = RE RP R .L M SH HD ML ' SD. RL SIRED. - - C§

‘ (i (m’ Mmoo (m ey
207 16S/VE-1IMOY . USGS T I AN SR YU 1+ SR TR U AN - S 1 2-62 '
B Nenaeare. - Caeveon G 9% R b M8 3,000 9 e

200 165/ME-27M0) | CHEVRONGTMI . 1975 N . & W 3400 -8
300 16S/14E<28M01 A, TIMKEN )0 - 1985 W - ' 7,323 -15

165/4€-29601  CHEVROWHULSEY - 1674 K 6 B . 6 : <18

a6 l6SAE-EOl WAGABOTZT 1922 N @ W 8 547 3,76 8307 0o x
307 V6S/14E-34FO) - CHEVRON GTWI 1978 . N G W 8 4,000 s
308 IECUE-3AO) USSS-USBR KB.Y 1918 B 1 0 4 1,000 1,00 PR : N
309 16S/1SE-1M01 . USGS . i 19620 F U0 1 &2 W5 MR 15 4 262 x
310 165/1SE-3300)  REPUBLIC 197 P & K 10 6,067 Loon -

200 17S/14E-14001 W, ucnmsn 1+ SR S TR T FUE (- J LT L B oL %
40V . YIS/AE-14003 . -USGS.LCRP 7 w2 F U0 1,000 260 330 30 o *
402 175/M4E-18M01 . TEXACO. JACOBSY 1951 N 1 7,505 R IR . :
403 175/15€-10M01° E.1.D. OT 2 1956 W U T $00 110 450 2 9 1060 90 x .
©04  17S/1E-16k01 DD .. 1%1. Wo U @ 1 162 150 182 20 % 5-61 SIS
$5  USASE-16KG CLLD. o 1961 W 0o o 17w 0. 18 o
406  17S/16E-18P01 ST veer e 0. v i1z 150 182 2 42 561 X
oy e - [ AR 9 Vo & 2% 21 % M 5-61
W IRNERS AR B § R 8 5,000 3,906 4,5 B Sx
503 - 16S/ME-32B01 B, JACKSON T 1974 M G Mot ‘ -0 x
S04 .xss/us-sssot 3.0, kSRl 19 N6 W -8 x

‘ . %*see Appendix II for explanation
-
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TABLE 2.15 CHEMICAL ANALYSES OF WATER FROM NONGEOTHERMAL .
’ WELLS IN AND WITHIN 1 6 KM (1 MI) OF HEBER KGRK“

MAP NUMBER 297r< 309 . 400 »401 . 403~ Y'Y, Vi 406 Lo
Pate S 7/62 7/62 1762 - 3/62 L 4/58 ;"1/62 . 1/62 :

Reference™. - H i R 1 - H SR : SERE :

Units R mg/l - mg/l ng/l - mg/) ,‘Vmgll : mg/l

Temp.-c R 2607 - 26.7 [ e e R -
PR 3 ‘7 3 7'4 ,-7 s 7.7 7.8 - 1.8
gp.ctav.' - o e e - S
Sp.C.=pmho. 16, 600 16 100 11 000 -~ 8,350 ' 8,500 8,890 4,800 -

'sns-sum 9,540_.'9.410‘ 6,980 . 4,920 5,610 - 5,410 - 3,020"
" Ca - .. 362707 376 448 175 2537 244 . 103
Mg . - TR b 3 214 - .261 . 122 143 161 0 48 -

K S 19 -
HCO; - . 45 367 304 . 199 298 257 " 108
SO¢ . 175 400 1,350 800 1,450° 850 538
e’ 5,756 5,350 3,040 2,240 2,040 2,490 1,280

LI 2 O B |

‘°§
=8
o

S ba
o BE
oo Cd
‘cs
B o I
" cm-
PR ¥
.. Fe -~
: Jgg'u
#Ho .
wg

CMHg o o
Ri oo
L
Pb .

CPO¢
8i0g - e 20
sr -

Soze
2 HeS,

COq

Cthers ; - .
.5 = Bardt and rrench, 1976 e
-;*Ra + K value , e e e e T

¢
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AN 401). 1s 2,288 . m (7 505 ft) deep and conta;,ns only 4,920

S mg/L TDS. This is lower than the analyses of well No. 400, = -~

©- . which is perforated from 21.6 to 22.2 m (71 to 73 ft), 1nd1- BN
-.cating 6,980 'mg/l TDS. - However, -increased sa11n1ty at this " -

S ,dep§h may result from percolatlon through agrlculturally used
‘'sol s. 8 ) . , , _

Analyses avallable for the deeper geothermal flulds indi- -
cate a TDS range from 11,800 to 19,000 mg/1.. These minima and - - . R
. ‘maxima for the Heber geothermal flu:.d both occur in Magma Holtz .= = . . . - .
No. 1 (No. "304, Tabie 2.16). -The lower value occurred in water I TS R E
" sampled from 1,544 to 1, 569 m (5,066 to 5,147 ft) depth in- . :
~ terval, and the higher value in water from 1,202 to 1,227 m
~(3,945 to 4,026 ft) depth ‘interval. With the 11m1ted number of
.- analyses available it is impossible to tell . if this ‘difference
.- in" salt- concentration_is due to dlsunctly dlfferent waters in
- ‘different ‘hydrologic inits, to variations in the: chemlstry of a . .
"parent" ‘geothermal fluid from related hydrolog1c units, to well .
. and aquifer flow conditions, ‘or to contamination. These' geo-"
~-thermal waters are- malnly sodium chloride in composltlon, some -
“ -~ with the s:.gnlflcaht ‘calcium "~ content characterlstlc of - the'
’_.‘Salton Sea geothermal fluid. .

L The TDS conc :1t'of all the Heber geothermal £1u1ds is above
- the USPHS standards for drlnklng, 1rrlgatlon or livestock use so . : v
~the concentration of the major constituents will not be dis- =
- cussed further. The pH range of the geothermal fluids is from B
5.8 to. 7.1, the lovwer value belng somewhat low for 11vestock or = .7 ,
'»',fA‘J.rrJ.gatxon use. P A o PRI & R

,:.c_-,."- L

S Boron concentrations range from 4 8 ma/l in c . B. Jackson

. No. 1 (No. 503, Table 2.16) to 8 mg/1 in Magma Holtz No. 2. (No.

- . 502, Table :2.16). All the boron concentrations reported for -
geothermal wells are above the USPHS lrrz.gat:.on water lnuts. "

o Analyses for copper 1nd1cate a range ‘from 0 2 mg/l reported e
in Chevron Nowlin No. I (No. 500, ‘Table 2.16) to 0.4 mg/l in b
i~ three other Heber geothermal wells. ' These values are within the
. .USPHS drinking water standards. Fluoride concentrations are
s ;reported to be from 0.6 to 1.6 mg/l for Heber geothermal wells,
which are below the USPHS drinking water standards. Iron con= i
- centrations. in Heber geothermal water from 0.9 to 20 mg/l in = -
{ ‘pgonsoChevron Nowlin No. 1 (No. 500) and C. B. Jackson No. 1 (No.
... .'503), respectively, ‘are all above the USPHS drinking water
' standards. Manganese values from .0. 9 to 1.9 mg/l have been
.. reported from Heber geothermal water. - The USPHS drinking water - -
...~ standard.- for manganese 1is 0.05 mg/l. ~ 2inc concentrations are = . e
< -+ reported to be from 0.1 to 0.5 mg/l vhich are well w:.thln the 5 .. . R
HE mg/l drxnklng water. standard..;, : B SR DU

" The pro)ected total anmunt of d:.ssolved sollds brought to
_t_he, surface by geothemmal _productxon at _Heber is _est;pated to.
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TABLE 2 16 CHEMICAL ANALYSES ‘OF GEOTHERMAL FLUIDS IN AND

_ WITHIN 1 6 KM (l MI) OF 'HEBER KGRA g
_MAP NUBER 500 308b  302P  s02° 502 503 504
Date a - - 3/72 6/72 - S e -
. Raference® - - G0 G H . G - C G
. ‘Units : ppu . ppm. [ -mg/l7: mg/l ‘ppm . ppm ppn
Temp.-C e - e - - - -
pH- i 7.1 - 6.4 6.4 7.4 5.8 . 6.5
. 8p.Grav; - - e M N o B - L e e
. Sp.C.-umho - - S - T e e P
“TDS-sum o ;l4 100 13,168:-11, 9001 12, 8001 16,330 15,430 15,275
Ca e 880 . -'1,062 - 780 . 860 1, 062 ) 891 . 781
Mg ) 2.4 . 5.6 307 . 4.7 - 23 4.7 - 3.8
 Na -.:3,600 .. 5,500 3,700 3,200 4,720 4,688 4,563 .
UK 8 380 0 220 00 230 220 - 231 181 - 197
BCO; : S 2007 - O - R - ) - el
- SO¢ o - 1007 100 - 148 152 150
cL 9,000 7,420 6,300 . 6,500 8,242 8,320 8,076
SRS X | s - T - - - - .
Al ‘ 0.04 - 15 - - 12 0.5 .18
Ar : e - - - - = -
As - i i - - - - -
B 4.8 4.1 - - 8 4.8 5.2
Ba - 6 - - -3 3 3
Br - - - - - - -
cd - - - - - - -
TS e - - - - - -
Co - - - - - - . -
Cu 0.2 0.5 . - - 0.4 0.4 0.4
F 1.6 1.7 - - 1.5 0.9 0.6
Fe 0.9 715 = - : 5 20 10
Hg - Q- - - - =
L1 6.6 - 4 3.7 /3.2 4.1 2.8 3.4
Mo L o R T o e >
¥n - e.2 - - 0.5 1.3 ‘1.9
NH, - = z - - o
- N1 - - - - - - -
8 No; . - - - Vo - -
Fb 0.1 1.6 e - 0.6
Rb - - - - -
8102 120 268 - 98 75 - 187 267 268
Sr - 37 e - 42 32- 36
Zn 0.68 0.3 - - 0.1 0.4 0.5
H,S - - - - - - -

Others L1-4

;TDS Reszdue on evaporatlon at 180°Cr*>~f’~~'
" ®G = Geonomics, 1976 _
Q-bﬂ = Hardt and French,’ 1976
c170°C Tewp. measured 5/72 -
! 163°c Temp. meaaured 7/72
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~'be 37.8 million kg/day (83.3 ‘million. lb/day) (Table 2.7) or 414
~ billion kg (913 bhillion 1lb) over the anticipated 30 years of
. power production, based on an estimated average TDS content of
“15,000 mg/l-for the Heber -geothermal fluid. This will result

. ‘from estimated brine mass production of 2.52 billion kg/day
. (5.56 billion lb/day) (Table 2.6). For chemical coenstituents
" ‘with concentrations. of 0.1 ppm or ‘100 ppm, the daily plant

" (Table 2.7). . It is anticipated, however, that the great mdjor-

-7 ity of these chemical constituents would be injected back into

! the. hydrologic unit they were removed from, thereby minimizing
.. 'poliution or waste disposal problems.. : s

. 2.3.5 Brawley KGRA =

B ¢ - abpéai:s" that there is very little, if any, non-geother-

" gediments .here have very low permeability and the groundwater
.. generally is too saline for most drinking, irrigation or live- =7

stock uses. - Therefore, the emphasis in this ‘area would be on
""‘“i-'.jb.high_ly saline geothetmal brines from esc‘aping',to the surface.
There are only seven wells listed in or within the Brawley

" observation or petroleum exploration wells and only one. (No.

ahd- is included in the nongeothermal well :chemical analysis

chemical throughput would be 556 and 556,000 lbs, respectively -

u G ‘mal groundwater use in or near the Brawley KGRA. The shallow -
A
maintaining naturdl groundwater. conditions ‘and preventing the .

KGRA (Table 2.17, Fig. 2.10). Six of these are geothermal,:

L
4

147) is listed as being domestically used. - The one well that
has reported domestic use is also quite warm (51.4°C [124.5°F])

. table (Table 2.18). This well is about 8 km (5 mi) up-gradient

i ‘tial pollutant plumes wculd extend this far up-gradient.

‘ lake - deposits. The geothermal wells are located east of the
‘" concealed trace of the -Brawley Fault, defined by Meidav, et al.

“.(1976) ahd Hill, et al. (1975a), and west of the projection of“ . -
 the concealed trace of the Fondo Fault, defined by Meidav, et
" “al. (1976). These geothermal wells probably tap a reservoir

-+ . genetically - related to part of the complexly faulted Salton
- "Trough Fault Zone (Geonomics, in press), 1lying between the

" from the geothermal wells and it would be unlikely that poten- -

At the surface, all of these wells penetrate Quaternary.

" “.mapped traces of the Fondo and Brawley Faults, but there is not

3 ,f,;enou'gh data available yet to _substantiate: this speculation. .

" Although the few published groundwater analyses in the

ity Brawley KGRA area (Table 2.18) show TDS contemnts from 3;120 mg/1

--("thermal" well,  No. 147) to 15,200 mg/1 (USGS observation well,
~‘No. 96) it is .reportéed in the ‘geothermal. industry that  the

‘concentrated than any of the other available analyses and it
. would also contain considerably more trace elements.  Therefore,

. ‘geothermal fluid from the Brawley geothermal- field will contain . -
' TDS. on the order of 85,000 to 100,000 mg/l. This is' much more

e e st 5
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TABLE 2 17 DES(.R

IPTION OF wi:LLs' 1

N AND WITHIN 1 6 KM (1 MI) OF

DUNES GLAMIS

ey

~ %gee Appendix II for explanation

AND BRAWL_I-_:“:.' KGRAS* (mcdxfied from Hardt and French, 1976)
o e p . : ca
e e e R0 W £0 DC O B T R WA
B T L IR s B e+ T S FE . LA EW OATI. AE OATE . vIELD - EA
R STATE NMIER . OWMER GRNAME EL MWL TS £S5 1 BE FS PE TWOE TV WELL oF ML
COBER o T TR : A0 CETUEE LE A ETOTESCTL QoF EE NEA- WELL. LY
SRR ‘ AL O R LK SH UMD HL LSO RL SURED ¢s
B R R : , R , AL
: ' (I Ty (FT)(FT) C(FT) (FTY oy
Ca33  1SSMSE-1OMOl USGS e F o w e 1 oamoows oasrooas A 364
JUU g3 YSS/19E-28NOT. . USGS ogs o F. U 01 wzosn 1% M 2-64 X
235 T15S/19E-33C0) ¢ USBR 2 e F 1 Tl 6 sk 155 4] 37
B lelet.amor  wseR N7 o lm o Eoooz T 80 180, »
£ 237 158/19€-33601. - USBR 120 chene F 1 T8 S8 8o
239 1SS/19E-3M0Z  USBR 1S D WM F % S | § 315 , w 2.1’
280 - 15S/T9E-3IM01  USER 1w wnooF 1o 16 a2 o 28 -1
200 15§/19E-33R0  USGS o qess ey .0 1 Ao ss . 1s7 13 38 364 X
SR ARG dwoz useR M9 o v e F L T T o6 2 oy R 3
367" 16S/1%E-02000 © USGS 0 1%L F U 0T Wz i s A58 0 0.8 x
600 1SS/I9EN0)  COMOMEST 1972 e w4200 Mo 198 W2 x
T m/m-:sm des . o1& F w01 DTS SEAR T SR B 10-61 “x
Bt \s%/a7e-3e0z  uses . - . o1z F U1 ‘Y62 158 . 160 110 12 3-62 %
3 Ms/ieEM Asama ez P oMo W8 681 50 680 . 30 227 -2 x
pRaMLEY A : -
79 UT2SIME-10) wez P U 0 1 152 W5 W7 .16 0 262 'y
92 135/14E-09R0} Viveer 0 1985 N P12 8,350 , -150
B eETMor uNIONVEYSEYQ 15 N- M R 12 838 15,200 0
94 - 13S/14E-6POT  UNION TOW.1 ek N N M F AT
S 85 135/ME-2600 um_pu'vt_vszv 7 1915 NN H 5,921 el
g6 13S/146-21K01  USGS U yee2 o F U 0 ) 182 WS W7 160 48 562 x
187 usnsz-oeao\ NOFIFIELD 1% P W W2 1,290 A F 2-62 *

e e U e ¥




|\ " ‘rABLE 2.18 CHEMICAL ANALYSES OF WATER FROM NONGEOTHERMAL WELLS IN
&i“{w'° | > 2ND WITHIN 1.6 KM (1 MI) OF DUNES, GLAMIS AND BRAWLEY
RV " KGRAS T o |

- Dhunes : - o . Glamis '

MAP NUMBER ~ 367 - - 234 ° ©24r 133 - 134 135
Date - o 2/62 1/62 3/64 ; 10/61 5/62 . 4/72 -
. Reference™  ~~ H B . -R ' [0 : AR - S B
Units .~ mg/l mg/l mng/l ng/l  mg/l mg/1

‘Temp.-C - 41.1 . 35.4 : - Ce

pH S 7.8 7.6 8.6 - ' 7.8 7.8 6.8
Jel Sp.Grav. o oos e - e - -
“i Sp.C.-pmho - :1;170 5,060 3,180 1,270 1,150 -

‘qDS-sum . 751 2,760 1,710 850 209 - -
ca - .65 143 - 11 97 73 79
.22 5.6 10 30 32 -
Na " 153%  g85% . 505% L1gak 121 1,132
. )5 ; x 1,13

Hco, 136 . 94 . 98 163 126 -
S04, : 316 225 233 . . ..362 . .300 e
a 102 1,410 775 119 113 Lo
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*Na +x value - ': o " (continued)
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.. * Br

Referencaa'.,

' Units

S

. MAP NUMBER .-
" pate SR

‘1JTABLE 2-19'(co£tinued)

Brawley
99 . 96 147 -
9/62 1/62 - 12/70
-1 E  H
‘mg/l mg/l  mg/l

o Temp.~C = -~

pH . - :
. Sp.CGrav. o
sp.C.-pmho

25.6 - ... .51.4
7.4 7.% - -B.4

19,800 16,500 5,550

TDS-sunm

Ca - e , o
S e ivg22 0 608 0 15 ¢

'ng.
Na ¢

. K a

 BCOs
804 -

cl: .

15,200 10,300 3,120
- 810 930 - 40

-7 3,400% 1,990*% 1,200

.

408 . 294 420
4,050 1,250 - 310

AL

Ar - o
As
Ba

cd
PN of S8

. Others -

F*Na f K vglde'=

'”i ; } (¢oﬁtinﬁe5,f  s§ 5'

5,850 5,400 1,300

10.32
0.23

3.2

R RN RO NEE
)

R EE R B R R R R

t

26 31 a7

Cone

& 15 30
- T T
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. TABLE 2.18 (continued)

-,’f.FbOTNOTES

,'_aéardt and French, 1976
j*bThe fol;owxng radxoact1vxty measurements are from O'Connell
and Kaufmann, 1976. Sampllng data are not spec1£1ed.,

A

z"Ra—o 85 + 0.14 pCl/l

c‘f cThe followlng rad10act1v1ty measurements are from o'cOnnell ?
wg;and Kaufmann, 1976.. Samp11ng data are not spec1f1ed. ol

.:.,zzzan—soo 4 35 pCl/lf
1,.'226Ra=0,37 £ 0. 095 pCi/l
234 y=0.30 £ 0.07 pCi/l
- 248 y=0.18 £ 0.05 pCi/l
1 2307h=0.64 + 0.23 - pCi/l
232Th=<0.10 . ,pC1/1




1t would be mlsleadlng to dlscuss the one "thermal" fluld anal-
ys:.s we have in the Brawley area as representatwe of the Braw-
ley- geothermal fluid. It would be much more realistic to say
. that it will ‘be a highly saline brine, probably similar in
“character to: the Salton Sea geothermal fluid, with many trace

f'”f‘,hvestock standards and ‘it would be harmful  for this fluid to
o vValley.

- The Brawley geothermal field 11es along the approxlmate
location of a northerly trending rlse in groundwater salinity

7 this trend would be expected to have much higher salinities than

'.‘,;areas to the west.

“ical characteristics similar to those of Salton Sea water, but
~-in the south-central part of the Brawley KGRA (Fig. 2.10), with
a 44.2 to 44.8 m (145 to: 147 ft) pertora‘t;ed 1nterva1, has a TDS
- ‘content of 10,300 mg/1." The proportlons of the major constit-
- quant.ltles of ca1c1um, sulfate and- magnesium.. . These character-

~istics suggest a possible mlxlng of a sodium chloride calcium
‘Salton Sea geothermal fluid with the sodium chloride ‘sulfate

. nesium groundwater ~ just mentioned. This well. is also per-

_fment data are available for‘ the ‘observation vells.

' (Table 2.6). For ‘a ‘chemical constituent with a .concentration of

,v - be’ produced. ‘Most of these quantltxes w111, however, be :m]ect-
ed back into ‘the produc:mg aqulfer.. o , :

‘ . 2 3 6 Dunes and Glam.s KGRAs Sl

arcas will be limited due to: 1) the 'virtually ‘nonexistent

o ,.'development in these areas.

- element concentrations exceeding USPHS driuking, irrigatiecn and

. escape 1nto the ground or. surface water systems of Impenal ,

“discussed by Geonomics (in press). ' Shallow groundwater along

- shallow groundwater to the ea’stv, and somewhat higher than in

The two avallable shallow ground water - analyres have chem-

' less concentrated. Well No. 96, a USGS observation well located
- uents show this to be a sciium chlorlde water with notable -

“ magnesium groundwater commonly found ‘south of the Salton Sea.
- Groundwater ~ from well No. 79, a' USGS observation well located
‘just north of the Brawley KGRA (Fig. 2.10), has a TDS content of
15,200 mg/1 and is typlcal of the sodium-chloride sulfate mag-

forated between 44.2 and 44.8 m (145 to 147 ft). No trace ele- -
» The total daily brine mass estimated to be produced uti-
B lxz:.ng Brawley's full geothermal capacity, estimated at 330 MWe .’

. for. 30 years, will be 68 million kg/dday ( 150 million lb/day) -

I | ppm, 680- kg (1,500 1b) day will be produced, for a concen- .-
- ‘tration of 1,000 ppm, 680,000 kg/day (1.5 million 1b/day) will -

'rhe ‘water pollutxon dlscussmn for the Dunes and Glaz:us o

e -

. groundwater . use,. 2) the lack of qroundwai:er data, and 3) the = B
‘previously  discussed . extremely lov probabll:l.ty of qeoﬂlermal o

AL




" punes kGRA--" : '
There are currently ten wells located 1n the Dunes KGRA

o ‘.V‘,V(Table 2.17, Fig. 2.9). Nine are test or observation wells and
<. the remaining one is a geothemal test hole, ’.l‘here is no’known ,

8 groundwater ‘use in this area.,__". :

The Dunes wells are drllled on both s:Ldes of the contact

‘ "}‘between Quaternary alluvium, on the western side of the San
... Andreas Fault and Quaternary windblown sand east of the SanAnd- -
“‘reas Fault. Minor occurrences of "‘Quaternary lake deposits appear

ey ST N

‘along this - contact. “The wells are clustered near the inter- -

fR section of an. unnamed fault and ‘the trace of the San Andreas Fault. -

The ‘unnamed trace trends northwest—southeast and 1s about 30 km

&;.(19 ml) (Loeltz, et al. 1975).

Shallow groundwater flows northwesterly through the Dunes',‘f

: ,_"“ﬂgeothermal area, but shallow groundwater levels have increased:
" _significantly in this area since operation of the Coachella

~".Canal, beglnnlng in the’ 19405. (See d1scu551on in Geonomlcs, in

d',press)

Three chemlcal analyses £or the Dunes CDWR No. 1 geothermal |

_test well are shown in Table 2.19 (Nos. 600A, B and C) and
analyses for three nongeot.hermal ‘wells are shown on Tableg 2.18.

- The TDS . concentrations from different perforated, intervals in
""" the. geothermal well range from 1,410 to 2,530.mg/l and from 751
< to 2,760 mg/l in the nongeothermal wells. It should be noted.

that the geothemal samples may not be. ‘xrepresentative - of the

‘geothermal” fluid in the reservoir since these were all bailed

-samples. 1f we accept the samples then we may note salinity

i decrea51ng with depth for the geothermal well“ ‘from 2,530 mg/1
in.a 117 m (384 ft) sample to0 1,410 mg/1 in a'575 m’ (1 886 ft)
.- sample. . This water has relatlvely low - sallm.ti( compared to

~'. other: Impenal Valley geothermal waters and, in fact, is less

. saline than much of the natural qroundwater ‘in the valley.
+© These ‘are: sod:.um chloride waters with high sulfate content . .
" suggestive " bf mixing with other waters or of Colorado River '
i water reactz.ng with subsurface sediments. = The geothermal sample -

. from 575 m (1,886 ft) depth (No.. 600C) is within 2 km (1.2 mi)
< of the Coachella Canal and’ has chemz.cal charactenstlcs s:uular BRI

. to evaporated Colorado River water.:

The proportlons of the major chemlcal constltuents appar-' o
ently change more s:LgxufJ.cantly than the change in TDS contents.

Sshallow groundwater: . samples No. 234 and 241 are basically -

Canal, which contains 751 mg/1 TDS and has the very high sulfate

Lo with h:l.gh sodium; chloride, calcium and bxcarbOnate wvater char- ’
e actenstlc of- the COIOrado Rlver. " . A

"”’f;nilvi"{;fg

. sodium chloride waters with some calcium and sulfate. These . -
.\ samples are probably more’ representatlve of natural groundwater
‘.- character : than sample No.. 367 directly beneath the Coachella -

!;{Jm‘-i"'“" b 7
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TABLE 2. 19_ CHEMICAL ANALYSES OF GEOTHERMAL FLUIDS
: IN AND WITHIN 1.6 KM (1 MI) OF DUNES

MAP NUMBER
.o

Date
Reference
Unlts

KGRA ’
e T
| ,_Vc‘5°°¢b 6008 goopd

e co. €.
“Pppm - ppm - ... Ppm "

_ Temp.-C

'_gp.crav. T
Sp.C.-pmho - .

88 92 . 92
8.4 - - 8.5

TDS-sum °

-

1,410 2,190 2,530
200 23 37
6.1 "3 9.4

206 68 800 -
23 %4 e

. 416 . 675 - €05
188 . 570 854 -

Fb

oy

v-;(.' ;4 8.7»
016 0.05 ' 0.12
0.13 ° 0.32  0.53

totol

1

»

o
0,06 - 0.05 0

')

» . is*,.l.? ' ;7. »ggl

R R

. 120.021 120.019 1=0.023

~(continued) .
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TABLE 2.19 '.(’cbr_xtihuéa)'r‘

: 'E'oomdfms |
B ‘,;aCC = cOplen, et al. (1973)

f”jfbrerforation interval 572-534 n (1 876-1 916 ft) balled from 575 m
(1,886 ft) : _ -

| 5? cherforat1on interval 259-271 w (850*872 ££) ba* led from 276 m
(905 £ty - L

'deerforatlon 1nterva1 104-116 m (341-380 £t) bazlad from 117 r .

(384 ft)

s
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s Nos estlmates of potentxal quantltles of pollutant produc-
.;ttlon have been made for the Dunes KGRA since geothermal devel-.
‘ opment is not currently foreseen.- R e :

i Glamis KGRA-- = R
S only three wells ‘are llsted in- the Glamls KGRA (Table
i 2. 17), and none ‘are geothermal wells. Two of these are. UsGs.
test (No. 134) and observation (No. 133) wells in the western

"iﬁls a domestic well (No. 135) locateéd in the €astern: portion of -

. surface and are just west of the trace of the San- Andreas Fault.
.. They are perforated in the shallower hydrologic unit between 47
S and 48 m (154 and 157 ft) and between 48 and 49 m- 4157 and

S 7161 ft), respectlvely., The domestic well is located on Quater=- "

- npary alluvium in an area traversed by three mapped traces of the
- .Sand Hills - Algodones Fault (Loeltz, et al. 1975; Jennlngs, :
& - 1967; Jennings, 1975). This well perforates. the intermediate-

'—1ewdepth hydrologlc unit. from 158 to 207 m (520 to 680- ft).

ifié;eff';:ﬁ»' ~ The two shallower USGS wells are drllled essent1a11y be-

© part of the de51gnated KGRA, near the Coachella Canal, and one -

the KGRA. The USGS wells penetrate Quaternary alluvium at the . . °

' neath the Coachella Canal; the water from these ‘wells is almost = .. -. -

‘ti;_ftf_”ffvpure Colorado River water, prcbably derived from downward perco- "~~~ .~

lation from the canal. These waters have the high proportion of -

B of 850 and 709 mg/1, respectlvely

it has a2 sodium plus potassium- content of 1,211 mg/l, which is

g

'avﬁ'above.A No trace element analyses are available for any of the
uj,well water. . So .it seems. that the two USGS wells have water
- suitable for drxnklng or other uses, but it is probably more .

water. . The high sodium plus potassium content of the domestic

el T
% r . sl
:2Mmm,,v.‘».;‘r,'.;?,.,.g,.-;.,.. . e i

"-5or 1rr19at10n use._;,_ v R
: Groundwater - elevatlon; contours (Loeltz, et al. 1975)

1ttZKGRA towards the Salton Sea.j‘

Lo '2 4 smsuxcmr

gfof ‘geothermal ‘development is - seismicity induced by fluld ex~
~traction and withdrawal. -Currently the Imperial Valley is among

" the ‘most selsmlcally active areas in the United States. Thig .

'fqvnaturally occurring high: level of macro- and mlcro-selsmic1tybﬁ
+ "makes it difficult to differeptiate from seismicity potentially
“v[‘xlndnced by extractlon and 1n)ectxon of geothermal fluzds.v . :

éxj.!te - 'sulfate characteristic of Colorado Rlver water and TDS contents 3

“The TDS content is not anxlable for the domest1c well but";'

~ about ten times the amount in the lower sallnlty well mentionedi;'f:

“»'representatlve of - Coachella Canal water than natural ground-ﬂ

well® suggests that this water w111 not be sultable for drlnklng -

?1}f1nd1cate that groundwater flows northwest through the Glamls ,

A potentlally szgnlficant subsurface env1ronmental effect~"

.
e e e e

D
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: .;,must be eollected prior to development to provide a detalled
‘basis for comparison of pre-. and- post—-development seismic ac-

‘historical seismicity, seismic risk, ondoing programs that are

lnduced se:.sxnlclty for Impenal Valley.r._n;v;x._v

A"f‘.’ ;:'12 4 1 Summary of Basehne Selsm1c1ty and - Selsmlc R1sk }
. The Salton Trough in. qeneral and the Imperial Valley in
. partlcular, are characterized by a high level of seismic ac-

-t1v1ty and a large amount of strain release.. Selsm1c1ty within

. shock-aftershock sequences (Hileman, et al. 1973; Richter,
- 1958). Richter reports  that 12 earthquakes of magnltgde 6 or
-greater have occurred in the Salton Trough since: 1900, "and nine
~ earthquakes greater ‘than™ magnltude 6.7 have occurred since 1850.
“High levels of microseismic activity have been recorded in the

"% -~ The -geographic, dlstrlbutlon of 1nstrumentally recorded
“earthquakes from 1932 through 1975 shows the density of epi~-

A

espec:.ally along ‘the San Jacinto Fault Zone. A minimal numter

the- eastern part of the valley (see Geonomics, in press, Plate
-0 2.10). - Although earthguakes are generally correlated with
;s faults, this s not apparent "from the distribution of these

g i through fault creep.;;_.. ;

. is the basement-sediment interface. A llmtlng depth £or hypo-

35 brittle, defornation (Johnson and Hadley, 1976).

several occasions (e.g., Hill, et al::1975a, 1975b; Sharp, '1976;
~Johnson: ‘and Hadley, 19763 Combs and_ Hadley, 1977) In most
~cases the. locatlons of these microseismic events are accurate

LS L N 3 "".j Sy e w T S : T L T K N R N R oty S Ty £ret iy ., . N o e N .
. v il g o e " S W - R [ il b T e i G e S g fatee " ! SRR i RE
“, . o - L ey S o 5, . - T . - - . - . PR . o =, :
ST - ot S 2 ot . . oo . - e . T e H v e . v - L i
. i [E " k * . - - 4', LR : . Tl i N S e N - Vi DR " ‘ T N A o o : T - T = . + 5

Presently, extens:.ve and exhaustlve basel).ne selsnn,c:.ty data

'r-‘"_tlvn:y._ To this end, the followmg dzscussmn will ‘outline

currently collecting baseline seismicity data,‘ and potentlal _

Fan Imperial Valley is characterized by both swarm activity and main

v Salton Sea, Brawley and East’ Mesa KGRAS (Hlll et -al. 1975a). ot

“centers to be much greater in the western part of the valley,

-~ of epicenters are located along:the San Andreas fault Zone in

" historic: macroselsmlc events. The apparent scatter in ep:x,center S
o locations is probably due  to inaccurate epicenter locations, « ..
" currently- unidentified fault trace locations, posslbly dipping - -

~fault planes, and the fact that much straln may be released‘

R Earthquakes occurnng xn the San Andreas Fault System

_typically have focal depths of 5 to 8 km (3 to 5mi), which
/. centers in ‘southern California- is about 12 to 15 km. (7 to 9
o mi), but in geothermal areas of Impenal Valley this 11m1t1ng‘

"“f»f;depth is about-8 km (5 mi), due to higher ‘geothermal tempera=-.
.tures closer to the surface which allow plastic, as opposed to ‘

Mlcroselsmic act:.v:.ty 1n the valley has been documented on _’ |

enough to deflne fault traces correlated w1th ‘the actunty. o |

el A mlcrosexsmlc net was operatmg for f1ve weeks durlng the. SRR
. -summer of 1973 in the East Mesa KGRA . in order to' establish- back- '

| Bt e s e T
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‘ground seismicity prior to geothermal power development (Combs
~and Hadley, 1977). ' The -recording station and: epicenter loca- .
.. tions from this survey are shown "in Fig. 2.11. .This study .

‘established that the ' occurrence of microseismic events is not

‘constant with time. On the majority of days, only one or two

: _locatable events occurred; while two-to three-day swarms of up
" to 100 distinct local events per day occurred twice during this
. recording period. Additionally, ' hundreds of smaller events.

" (nanoearthquakes), some clustered in swarms, were recorded by

" each seismograph. More than half the events had focal depths
between)the “approximate depths to basement of 4. km and 8 km (2.5

- Epicenters located from the USGS-Cal Tech seismograph -

.- . network during the period between June 1973 and May 1974 are
© ghown in Fig. 2.12 (Hill, et al. 1975a). . This figure shows .the ..
- location of all events recorded at four or more stations in the -
" npet. Although many magnitude 1l earthquakes are included, cover- -~ .
" age ' is only considered. complete for events of magnitude.2 or .
.. greater, dué to the high seismic noise levels in the cultivated
' areas of the valley. B I PP SRR S

.27 - rThis survey shows a linear seismicity trend in the central...
./ part of the valley, along the Imperial —and Brawley Faults.
" ‘Marked concentrations of ‘events. occurred along the Imperial
- Fault, directly east of El Centro, and in the north and south
- "portions of the Brawley geothermal field. Smaller concentra-

... tions occurred near Obsidiah Buttes, on the western portion of. .

- the Salton Sea geothermal field, and along the San Jacinto Fault -
' Zone. Most of the events in this study occurred in four swagms

© . between June 20 and July 17, 1973; otherwise, the seismic ac- ... ...

?g;t_v{ developed in a fairly uniform manner (Bill, et al.
-1975a). . R P ORI R B,

" Another example of swarm activity in Imperial Valley is

- reported by ‘Johnson and Hadley (1976) from January 23 to 31,
© 71975 in the Brawley area (Fig. 2.13).- The swarm was most in- -

. tense for four days, with 75 events of 3.0 to 4.7 local magni- -
.. .tude along a 12 km (7.5 mi) zone. Hypocenters were located for .
.~ . 264 earthquakes with local magnitudes greater than or equal to

..~ 1.5.  Basement ‘depth here is about 6 km (3.7 mi), and hypo-

" central depths ranged from 4 to 8 km (2.5 to 5 mi),as Combs and. -

- -Hadley (1977) found in East Mesa. = . L B D U

% .. A swarm of over 400 earthquakes occurred near Calipatria -
' from-November 3 to 8, 1976 (Porcella and Nielson, 1977). Seven . .
‘events of local magnitude equal to .or greater than 4.0 qccurred - -

" within an eight-and-a-half-hour period on November 4, 1976 (Fig.. - -
. 2.,14). These earthquakes, as.well as two local magnitude 3.8 .
" and 3.9 events on April 26 and 14, 1976, respectively,  were
. reported in reference to the national strong motion accelero- - .
*" - "graph network. The strong motion accelerograph network program . . .

[P A A -
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*.*’MlCtOselsmlc Monitoring Networks---e

2 4 2 Potent1al Induced Seism1c1ty

A

prov1des crltlca- 1nformatlon on ground response that is applledi

to the development nf earthquake—reszstant englneerlng deszgn

. USGS, 1n cooperation with Cal Tech, establlshed a reg10nal
“18-station telemetered seismograph network in 1973 in Imperial

Valley (Hill, et al. 1975a)y. This network was specifically set.
up to record earthquakes related to- geothermal- phenomena. . The:

1ocat10n of tliese stations is shown by triangles in Fig. 2.15.:
“In October, 1976 the USGS.. 1nstalled six seismometers in “the
Salton Sea geothermal ' field region. in conjunction with the
ERDA/LLL Imperial Valley Environmental Project -(Phelps -and
Anspaugh 1976). These seismometers will also be incorporated

v.1nto the USGS telemetered network. Their locatlons are shown by
black c1rc1es 1n Fig. 2.15. :

Chevron 011 Company has establlshed a closely spaced seig-

mic net in the Heber area to gather background baseline seismi-

‘city ‘data and to detect potential seismlczty 1nduced by geo-
thermal productlon.

Although not a mlcroselsmlc monltorlng network ‘an_exten-

~ sive array of 24 strong motion accelerograph stations his been
‘established in Imperial Valley (Fig. 2.14). These stations will"

hopefuly provide ‘additional information on’many of the. larger
microseismic events.  This dense array is operated jointly by
USGS, the California Division of Mines and Geology, and Cal Tech
“to fulf111 such specific research needs as source-mechanism and

ground-motlon attenuatlon studles (Porcella and Nlelson, 1977)

A general dlscuSSLon ‘on seismic ‘risk in Imperlal Valley is
' presented in Geonomics  (in press). This discussion concludes
- that once it has been establlshed that a’ region, such as the
--Salton Trough, has had or will have large: earthquakes,  then
.-ground condition and structural design at a specific site are as
.critical as the exact magnitude or location of ‘an anticipated

’ earthguake. So, although recurrence statistics show that Imper-
~ial Valley should experience & magnitude 7 earthquake about once’

every thousand years, and 12 earthquakes: of magnitude 6. or

‘?Q greater have occurred since 1900, seismic risk must be evaluated’

‘on a detalled s1te and structure-spec1flc basls. e

A general dxscussxon of the relatmnsh:.p between earth- )
quakes and geothermal activity is presented in Geonomlcs (in:

- press). This discussion notes that- geothermal activity is often

. associated with naturally high seismicity levels, and that fluid
- withdrawal associated with geothermal productloﬁ. w1th or with-

out 1n3ectlon, may trxgger local seismic actzvzty

e o s acowi-
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el e The currently producxng geothermal field, The Geysers,  .in -
%04 &2 . northern cCalifornia,. is associated with a much higher level of .
ALJ“; = .. microseismicity ‘- than "the surrounding area (Bufe, et al. 1976).-

: o .. However, the pre-productlon microseismicity rate is not known,

. ..s0 it cannot be determined if these earthquakes are a result of

. the geothermal production or of natural geotﬁermal activity. It

v is ant1c1pated that this after-the-fact lack of information will

-+ 'be avoided in Imperial Valley due to the extensive microseismic . =
’l-monltorlng neta dlscussed in the prevxous subsectlon -

e MERCEN gt S G T

Lo Although there are no emplrlcal qeothermal productzon-
' . 'induced seismicity data currently available for Imperial Valley,
e .o 00 piehler and  Lee (1977) discuss -a theofetical evalnation of
e o earthquake potential induced by geothermal energy extraction in
' i~ Imperial Valley. - This evaluation estimates that the seismicity -
“rate will be 6.5 times the current historic rate for 1000 MWe
'power productlon and. 2 times for a 100 Mwe productlon. This.
.estimate is based on many approxlmatlons and assumptlons. The
. basis for the calculatlons is that extraction of fluid from a -
. geothermal reservoir will induce volumetric contraction and
. thermal stress. Thermal "contraction is used to calculate the
" ‘seismic moment - and the temperature change is coupled to the
| power prﬂductlon rate. The induced thermal stress will be added
. ‘to - the existing tectonic  stress. Energy extraction: can be.
oy 7. ¢ related to taermally induced stress. drops, which can' thereby be
EROR - related to magnitude. ‘It is estimated that a 100 MWe plant will
! -~ . generate a 4.4 maximum magnltude earthquake . per year, or if the
ST L stress were accumulated one 5 4 maximum - magnltude earthquake
S ST RN per 30 years. ‘ : .

oD ufft. Blehler and Lee (1977) further state that earthquakes may
: - 'be induced by mechanisms other - than the thennal contraction.
- process which they describe, and that %induced seismic hazards :
~ are perhaps greater for higher- rates of fluid injection' or -
-withdrawal than for low flow rates." It is recommended that the

... original report be’ consulted for the work1ng detaxls of . thev

[ estlmates.,* ' SR v : -

o 2 5 sussmzncz

R 1‘ferent1al ground sub51dence “in; Imper1a1 Valley' would
i ;have extremely significant environmental impact, partlcularly by .
" ‘disrupting the vast networks .of grav1ty-flow 1rrlgat10n canals : a-
- which support the valley's agriculture and 'econcmy. Ground v'~-‘
’f;subs1dence has been noted in other geothermal fields (Stllwell
et al, 1975) as well as in areas of 0il, water or gas. withdrawal
and injection (Poland and Davis, 1969),‘ Surface movement may -«
"‘also be caused by natural geeloglc processes, such as faulting,
. “fault c¢reep cr other tectonic forces,:  induced hydraulic gra- -
~..dients, thermal- changes or landslldes,'or by other agricultural-
'V‘or lndustrlal processes, or by geothermal fluld w1thdrawa1 and/

i
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or injection. A subsidence detection committee was formed in the
. Imperial Valley to study subsidence in connection with agricul- -
" tural operations, but the county surveyor's office knew of no

localized subsidence caused by agricultural operations.

© . since Imperial Valley is_iohe of the most tectonically -
. active areas in the United States (Elders, et al. 1972), and
“‘does ~exhibit natural tectonic subsidence, _one of:.-the major

objectives of a subsidence monitoring program in Imperial Valley

~will be to distinguish between ground movement caused by’ geo=
" logic processes and by geothermal power development. This will

require years of baseline monitoring data collection and anal-~

- 'ysis. To this end, regional and local horizontal and vertical
' control networks, as well as tiltmeters and extensometers, have

been installed in Imperial Valley to monitor pre-geothermal pro-- . .

duction baseline conditions, that is, naturally occurring hori-

zontal and vertical ground movement. Periodic resurveys of these-
" networks will provide data to calculate the changes that occur.

‘Much additional work has been done since Lofgren (1974} and

= Crow (1976) published papers describing the subsidence monitor- .

"ing program in Imperial Valley. Although the program:is basi-

u;‘cally the same as that described by Lofgren (1974), it has béen
" coasiderably expanded. The existing network was releveled in

the spring of 1977 and the data is currently being processed by

. the National Geodetic Survey im Rockville, Maryland. The USGS

'is planning. to release an open file report in the fall of 1977

~presenting the results of this current leveling survey, a dis-

cussion of the currently monitored horizontal and vertical

’i control networke, the expansion of the networks since 1974, and
" planned expansion of. the current program (B. Lofgren, 1977,
pers. comm.). It is eéxpected that this upcoming USG5 open file

‘report will considerably update the following discussion which

- is based largely on Lofgren (1974) and Crow..(1976).

,32LS.1 Baseline Data and Mdnifbring Prbgrams

SR Triangulation and levelihg data for the pericd 1934 to 1967 -
" ghow complex horizontal motion and subsidence in Imperial Valley:
. {Fig. 2.16}. The northern and central mnarts of the valley show
. 'the greatest subsidence' and the highest rate of downward move- - -
" - ment has occurred around Brawley.. The maximum subsidence . - -
of 1.5 to 3.0 cm (0.6 t7 1.2 in,) may be related to the large
number of recent earthquakes (Hill, et al. 1975), and the high

strain rate on the Brawley and Imperial Faults (Elders, et al.

‘::j'1972; Johnson and Hadley, 1976). . I

Chevron 0il Company has conducted a level survey in the

. 'Heber area which suggests a slight upward movement relative to
... .El Centro, but the major portion of movement has been the more .
. regional downward tilting northward and eastward, as-discussed .

in the following section on vertical control nztworks. -
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"~ ial Valley Environmental  Project of LLL is conduct;mg a survey.
‘of subsidence momtonng in Imperial Valley and is attempting to

~order leveling nets in the Salton Sea geothermal field area, the

: zontal control trilateration network in the Salton-Sea geother-
mal area. (Crow, 1976). The proposed locations of the addi-

Sea area are shown: :m F1g. 2. 17.

S Exlstlng subsxdence moxutorlng networks are d1v1ded 1nto
 three categories for the following discussion: 1) horizontal
-~ control networks, 2) vertical control networks, and 3) other

"~ first- and second—order level lines,” ‘allowing maximum vertical
errors, in mm, of 4.0 R; and 8.4 R; respectxvely. where Ry is
* the dlstance surveyed, in kllometers. “The regional horizontal
. _network is capable of accuracies of 1 in 107 units, while the
- local networks. are capable of accuracies of 2 in 108 units. The

tiltmeters and extensometers. ‘In addition, developers -of geo-

~‘lines, in order to detect subsiden..e that may be related “to
geothermal productlon.

Vert1ca1 (:ontrol Network—-

o .A regional network of fn:st- and second-order level:.ng 11nes e
o has been established in Imperial Valley (F:n.g. '2.18). "There are -
~ ‘north-south trending and east-west trending first—order level
~ lines. The second-order lines are somevwhat more ubiquitous and:
“are distributed more irregularly throughout the valley. - These.

-lines have been surveyed several times prior to 1971 produclng
1nd1cat10ns of: s1gn1fxcant tectonzc movement._ S ,

lines . were estahllshed and tied into the flrst-order net by

Survey .

hdwed the two-year change in elevations .(Fig. 2.18). For this

a2

- Presently, the USGS. the U s National Geodetlc Survey, ‘and .
the Imperlal County surveyor are cooperatlng in the operation of -
- the Imperial Valley subsidence momtorlng networks. The Imper- -
: -work with existing agency programs.  They will establish second
ﬁ Coachella Canal northeast of the Salton Sea,. the Brawley KGRA . - -
“and the Heber geothermal field area, and will establish a hori-

~tional stations for the LLL second—order ievel net 1n the Salton .

‘measurement programs. Networks ‘of both reglonal and local -~
“extent have heen established. The vertical ‘network consists of

-other - measurement - programs. include sensitive 1local . arrays of .
. thermal wells are required by state and county. ordinance to = .- ‘

~install ‘several benchmarks near each: well and to periodically. '
. resurvey and . tie ‘them into: the first- or second-order level " '

) “The ﬁrst—-order lines (Flg.., 2.18) were releVeled in thei
w:.nter of 1971-72 by the National Geodetic Survey and ‘this
survey vas established as the reference datum. ‘- The second-order

~.other ’ age'xc:l.es under the dlrectlon of the Nat:.onal Geodetlc

A resurvey of the f1rst— and second-order nets in 1973-74,’

survey a bedrock txe west of El Centro Was con31dered stable.’
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. of the survey, with benchmarks near Calexico and the. bedrock tie
~east of El Centro showing little or no change in this two-year
- period. The east-west pattern -of elevation. changes is. not as

W;f,d1st1nct. They show the center of the valley dropping about 20

~mm (0.79 in.) with respect to the mountalns on the east and west
‘lmarglns. _ D s ,

v.h‘the Salton Sea, -East Mesa and Heber ‘areas to detect sub51dence
«,that may accompany geothermal productlon., e »
O Two contznuous (water level) stage recoxders were lnstalled

- “to. enable correlation’ of‘water—level fluctuatlons with two con-

occurring on the southern margin of the Salton Sea, although
",changes due to tectonic readjustments or to geothermal develop-
_vertical control network and will be "able to detect elevation

of the sea.

kllf,*~Horlzontal Control Network.__g,,"' TR I e ' 1*Y"7L‘M,g
; i There are both reg1ona1 ‘and 1ocal horlzontal vontrol net- .

lk'works in Imperlal Valley._ "The regional network of horizontal

-, tection of ground movement induced by geothermal development.

' %:,strnctural zones where. tectonlc movement might ‘occur. 1In fact,

'.-area, the tecton1c movement predates the drllllng.

and enables the collection of potentially useful extra measure-

: tl, and Heber areas. o
| 135

5_Thls vertlcal control data shows a. deflnlte northward downi_iy
~-tilting of 13 cm (5 in.) in the 85 km (53 mi) north-south length

Local level networks are belng monltored by developers in

1'sat'strateg1c locations near the southern shore of the Salton Sea -

. tinuous stage recorders of long record on the western: shore.
. These correlations may enable ‘detection of elevation changes.

they probably would not 'allow distinction between  elevation:
. ment. Each of these stage gauges is tied into the valley-wlde'

changes of less than 1 cm. (2 5.1n. ) around the southern margxn’

" ‘control (Fig. 2.19) is an. extremely precise trilateration net
'“consxstlng of 18 benchmarks" spannlng the valley. ‘This net is .
-~ intended to measure regional. tectonic movement, - while the local
o arrays of precise distance measurements at- Saltxux .Sea (Fig. =
7. 2.20), East Mesa (Fig. 2.21) and Heber are intended for de-

 However, the control lines in the. local’ arrays do extend across .

" as much as 5 mm/yr (0.2 in.) of right lateral horizontal tec- .-
""" “tonic movement has been detected in the. Obsidian Buttes area, on -
. the southeast shore of the Salton: Sea, along the Brawley Fault.
Although a number of geothermal wells have been drllled in thxs'”

T Dlstance measurements are belng ‘made ~at” arrays 1n theT
.-Salton Sea (Fig. 2.20), East Mesa (Fig. 2.21) and Heber areas by
:,;-‘the USGS. They can detect distance changes .0f only a few mil-
.7 limeters along these controlled lines u91ng electronlc distance . -
- measuring equipment. This is a relatively 1nexpens1ve technlque: B

~l;!iments., This technique has been more suctessful at the salton "~ = -
. Sea area, where elevated reference points are available, enabl-. '
 ing long llne-of-s1ght controls, than at the flatter East Mesa&;.-,

. S P . .- L 4 : . . R : - .
T Opb A s A7 R - . K A . . - ) o e e e ek b S EN S L RN P P S IR .
W"'F . i : . Do . . . g S . L : Ci CE
. N - K N . o s . 5 . g . - N Lo A " . . B - R . . L R




od e o eSS

:

San Diego County ‘;;,“' ;

.e

SR L

Tal County

~{mper

ey s R 1 A o ¥ T Tty 708

O 'l:. Riverside County S []SO"

;iOmi.
16km

‘eod v

../ - : '.» 7 Imperia'l County: N -1

Cfault S Probable extens1on of
Dashed where anproximate' ShEE Brawley Fault
dotted where concealed vj_j;«;:' o o
H e ' *~Bengh,markf,r

2 19 RPgional network of hotizontal control

‘dfiguré :
e (Lofgren, 1974, redrafted by Crow, 1976)

L3 N : .
L . . . : : o : o G0 o v :
i+ s i tnb s+ 8t i e ) e . ) S N i !



N e Ty

e

R e

L 118,37 30

,-_':":8 e I9

2 tstand

0 .
O’WHGt .

11535
T

Tz RI13E

RIAE 7

‘5 ;‘

20 2 21 1sland

' b
ne

L CAS

26

€13, €72

257

, R
2€71 €70

. AL
0BSIDIAN I») "C‘llalz
Obsidian J32
Butte 3. 14-Magmamay Hagnulux
’ 2 Ho. 2 No. 3

6JD

BUTTE 1555 hagmanas 10, TICAD PAN
Hoolsey ua..

c,s:\ L

-

e

_ 10
Tirs)

T8

Mational Geodetic Survey = ‘Ar'

Geothcml well ¢ iy
Geo!ogical survey: bench mark s e

Geoloctcal Survey bench mirk -

~Twses|

 County bench mark A&

Private bench mark o

Gea!bgical Supvey nail Py

uorl:ontn distance .
Y nelsuru:nt

m, 33'

Pigute 2 20 Netwark of horizon
geothermal field
by Crow, 197‘6);

: vy o

A e indimelrginaih

1wt

r

YR

ltl

tal contrpl in Salton Sea
(Lofgren, 1“74. ‘redrafted

B iranid
e




i gt g e pnt it e e i B e

sy b Y S g e s g

sk Fo g e T P A e i

i

LRITE.

' /////f//// g

25N B T
X A
N e

i e s T e T e e

T.15
16

. EXPLANATION
S.

® mmersa -
kg. EXTENSOMETER
— Homzomm. CONTROL .

L t“i'.
CeET

= Fiqure 2 21 Ground motion detection instrumentatxon 1nsta11ed at
L East Mesa geothermal .area ’

(Lofqren, 1974)

@ PR’ODUCTION‘WEL“I‘.-‘"‘
' @ INJECTION WELL =~




7. other Measurement Programs-- . "' .. .0 e ’
-~ T Tiltmeters and extensometers have been. installed in the .

' 'East Mesa area  (Fig. 2.21) to aid in defining precisely the
' mechanism of the ‘ground motion associated with geothermal sub-

sidence. This will aid in distinguishing between subsidence due

‘to geothermal fluid withdrawal and injection and potential

s " subsidence due to ground water pumping or other -mechanisms. The

extensometers are being installed in several locations where.

k . shallow groundwater is being pumped close to geothermal devel-

" opments.  Two mid~depth extensometers to monitor changes in
' water levels -and compaction in the upper 350 .and 430 m (1,150

- .. 'and 1,400 ft), respectively, of alluvial deposits, are located
" between the geothermal development and nearby farmlands. “These

Y

. extensometers will help differentiate -between deep compaction

caused by geothermal »prbductign and shallow compaction due to

. shallow groundwater withdrawal. The tiltmeters will help deter=-
- mine’ whether the ground deforms as a stressed beam, develops N
'. vertical shear planes with geothermal subsidence, or perhaps’
" deforms with some combination of the two mechanisms. - Two sensi=-

“tive tiltmeters. installed at East Mesa (Fig. 2.21), in 3 n (10

) ft) pits in order to minimize thermal interferences, are ‘located -

. between four production wells and one injection well. ' ‘..

2.5.2 T"Poten-tial' Su'bvsidencg"”" e S ‘5' ~-;

The degree of land subsidence resulting from geothermal

. development in Imperial Valley can only be conjectured at this
<" time. Since ¥t is anticipated that the spent geothermal fluid
. will be injected, subsidence due to brine production will prob-
" 'ably be quite small, not larger than ground motion due to nat- '
" .ural tectonism. However, since differential subsidence can .. -~
/- wreak havoc :with the gravity-flow irrigation canals, detailed
. analyses of this potential problem must be conducted prior to
. and during production.- S T R LR :

. Geonomics (1976a) provided a preliminary estimate of sub-
- gidence for geothermal development of the Heber reservoir. This °~

- report . concludes that land surface elevation changes can be

" caused by changing reservoir fluid pressures, which are in turn
' affected by fluid withdrawal &nd injection. Studies conducted
- . 'in the Wilmington 0il Field, Long Beach, California have suc-
. cessfully projected subsidence rates based con the . xelation “t
© between benchmark elevation changes, net fluid withdrawal and =
" reservoir pressure differences.. However, this technique re-

£ quires data collected during actual production, and reliable =~
" estimates of  future subsidence at Heber or other reservoirs - .
.- cannot be made until such data are obtained, -~ - .0

" “problem to choose physical parameters that properly represent = -

" the, reservoir. Many of these parameters, such as the elastic

Chh 7 The pext best.";approximitibn of. future subsidence may be
.. made "using computer models.  However, it is a considerable.

R
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;'_!;-”jpropertxes ‘of the reservoxr rock, distrlbutlon of in situ-
- stresses, etc., are not known for the Imperial Valley geothermal

reservoirs. However, preliminary results from a Chevron 0il

Company ‘computer model of the Heber reservoir suggest that
-~ subsidence due to production at Heber should pose -no. serlous,’
Qproblem (Lloyd annn, 1976, pers.. ‘comm..) _ e

A rough estnzate of possible subsxdence &t Beber, based on

" ,'a method discussed by Geertsma (1973) and by Raghaven and Miller

(1975), has been made by Geonomics (1976a). It should be noted
that this is a2 very crude estimate and that the. method does not

. account for temporal drawdown pressure variations or for .any -
~-time lag in subsidence. - The calculatlons were based on the S

follow:mq simplifying assumpuons. _ _
-e) fluid productzon rate equals £1u1d :mjectlon rate -
'b) i ﬁxed overburden pressure

c) " reservoxr pressure drop of 6 8 to 20. 4 atm (100 to 300
: psm) around the well bores for a 200 Mwe plant

d) - average pressure drop for entu:e reservoir less than‘
6 8 &tm (100 ps:.a) A

_': e;) . reservoir thlckness of 734 n (2 408 ft)
f) L a cylzndncal dlsc shaped reservoir '
g) Poissons' ratlo of 0.2 for reservon: , -
: | ) h) the reservo:.r 1s 1solated by an mpermeable boundary
- :,1) — £1uld,.,a1thdrawa1 ‘takes place from ‘a circular array of.
wells; injection takes place through a ‘concentric,

- outer, ~circular. array of wells (s K., Sanyal 19‘17,
pers. com.) ‘ . o P

'rhe parameters ‘used in the compactmn and sub51dence cal- '

- culations are gross estimetes and . the assumed reservoir: was :

idealized so the resulting v“gverage" subsidence estimate of

- =0.21 m (~0.7 £t) during the estimated 30-year production life

of Heber reservoir can .only be considered as an ~'order—o£-magm.-

. tude¥ estimate. It is believed that this is a conservative
. estimate and that the true %average" value will probably be

o lees, but aubsidence is expected to be gxeater around the pro- .
ducmg vells. S s
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. 2.6  POLLUTION CONTROL TECHNOLOGY .

 2.6.1 Current Practices. .

: There are several 'i';eothermal, inje'ctiohfwe_ils in Imperial -
- Valley for the purpose of waste disposal. Reinjection has been .
- tested in several KGRAs in Imperial Valley which include. Heber, -

. ' East Mesa and Salton Sea. -In Heber, successful reinjection for
' over one year has been recently carried out by Chevron 0il

.. Company through Holtz No. 2 well. In East Mesa, well No. 5-1
- has been used by USBR for injection of geothermal water during

'/ recent years. During 1964-1965, Union Oil Company carried out a

- successful reinjection. test in the Salton Sea field. During the .
test period about 480 million liters (126 million gallons) of

" “'water were reinjected at the rate of 2,270 lpm (600 gpm). In

- all these cases reinjection was reasonably successful. However,
considerable ‘problems of scaling and corrosion: of casing and
‘pipes as well as plugging of reservoirs can be a serious problem
. in’ Imperial Valley, particularly in the Salton Sea and Brawley

KGRAs vwhere salinities are very high. -

-* .. . ponding of geothermal wastes for temporary. storage or -
‘evaporation has been successfully used in Imperial Valley. " For .
- example, in the 1960s, evaporation ponds were used for mineral
‘.extraction from geothermal waters in .the Salton Sea area. To
.prevent contamination: of groundwater = -at the East Mesa test’
. facility prior to reinjection, waste brines are stored in a
" " holding pond lined with a 0.254 mm (10 mil) PVC. -~ = . ..

SR Eléétﬁrohy‘dra.ulics.1'z-.;i':(f;‘brporation has installed a - portable
‘treatment facility for geothermal wastes in the East Mesa KGRA. Here

' wellhead geothermal water is subjected to a high voltage spark

generated shock - wave which reportedly precipitates soluble

constituents; these constituents are removed by microstrainers

© (Chen, et al. 1976). - Although Electrohydraulics Corporation
.~ claims - that 80% to 90% of the soluble trace metals can be re-

_moved by this patented process, Chen, et al. (1976) could not -

" make any definite conclusion as to the effectiveness of this -

" treatment process. This company has a working agreement with =~ '

' 'Magma Electric, Inc. to evaluate their process.

" For the past few years; USBR has been experimenting with a
. desalination facility for geothermal water at East Mesa. ' They

 have installed a multistage flash distillation unit and a ver- .
tical tube evaporator distillation unit in order to test and -

. evaluate various procedures- for desalting geothermal fluids. .

" Product water having a TDS content of approximately 100 ppm can -
_be obtained by this process. - There have been scaling problens,

. . with ‘deposition of barium sulfate, strontium sulfate,.calcium -

R carbonate and silica in the tubes of the desalting units (USBR,
.77.1977).. The concentrated brine produced from the process is




' @iverted to a holding pond "where it undergoes ,evaporéti'eh,-
. 'Presently, injection of this concentrate is being attempted. - -
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installing retrofit abatement systems in preexisting plants. -
Research by PG&E (Allen and McCluer, 1975) ‘has indicated that
the following methods are practicable  for bydrogen sulfide
abatement: L S _ :

© 1) . Direct injection of sulfur dioxide into cooling waters .
. -to. oxidize hydrcgen sulfide to sulfur by the Claus
reaction: 2H,S + SO, » 3S + 2H, 0. ' ' SR
g ':2’) 'simulct'aneou's-j injection of sulfur dioxide and air.

3y “Addi‘tion'A of a metal catalyst, ‘iron, to the cooling -
. waters, to promote direct oxidation of hydrogen sul~
fide to elemental sulfur: ZH_ZS + 0, » 25 + 2H,0.
&)  addition of a chelated iron compound (Cataban, manu~ .
- factured by the Rhodia Corporation) to catalyze the
~direct oxidation of hydrogen sulfide by the dissolved-
_ ‘oxygen.vi; o 4 S - ‘
o bther' research ('Cast_r'az‘.tés', et al. 1976) has deiielapéd
~hydrogen peroxide abatement processes by sulfide oxidation,
‘illustrated by the equation SRS o RS
- 525 +3202 -> ”]._/x s‘x,+232° . ‘
in acid or neutral solutions and ..

ST BT R0 180l
- in alkaline solutions. -

. Cooling tower ‘tests of these: abatement _alternatives "are
~currently underway. - = oo .o oo A

SR i_ttthé" gase]ector, éétubbing with an.iron catalyst, and

~burning .of ~hydrogen sulfide to sulfur dioxide, :.followed by

. dilution of su.fur dioxide in water, appear practicable. Tests

. GeysersUm.tll is the only geothermal power plant in’ the

A';""{?"'i?orl;i¢'ito_ have ever been designed with hydrogen sulfide abatement -
~in mind. = Its present emissions per kilowatt-hour are lower by - - .

= nearly a factor of three then the average emissions: from pre- .

 ‘existing plants’ Units 1 through 10, and the plant has an abate- = =

- ment efficiency ‘of  approximately 70% (Weres, 1976). ' Surface :
. condensers are to be employed. in Units 13, 14 and 15, "with
" predicted abatement levels of 80 ta 90% (Weres, 1976). " In
addition, measures are being taken to reduce tha amount of steam .

i vent emissions during power unit shutdowns. PG&E hopes to hold

" emissions of hydtogen sulfide to’ permissible levels, but does
- .not expect to glimina‘t,e all;ldisch‘arge_‘; e L




R Other than condensate reinjection and . hydrogen sulfide
~ abatement, no ‘additional treatment is anticipated. o

-
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SECTION FOUR
' KLAMATH FALLS

- 4.1 INTRODUCTION

< some 4OO3sh§110w7wells'afeﬁus¢d fbr‘SP&?%Ahéatihg at»the
Klamath Falls and Klamath Hills thermal areas. »Of these, only a
“handful produce geothermal fluid to the surface; the remainder

.-"utilize heat-exchanging with cool meteoric’ water in the well-

bore. Well depth averzges about 150 m (500 ft); deepest wells
‘reach 550 m (1,800 ft). ~ ' o

o Recorded températui:es-feaéh,ilB?C (235°F); water geothermo-
metry -suggests 140°C (280°F) to possibly over 1i50°C (300°F) as

e ~ the temperature of a deeper (1 km 0.6 mi]) reservoir.

" Consumed heat is equivalent to 5.6 MW average annual use;

o : Wlth peak demand reaching 56 MW. -

 water chem_ist.ff is ?’felativély’-behiQh," v':ithf DS 6_f 500 to.

1,000 ppm, moderate (50 ppm) chloride, low boron and fluoride

" “(about 1 ppm -each), and no -reported toxic substances. “The "+ e
- system is not gassy. R I R TR R g T

' The area exhibits low seismicity, and appears to have

o _-‘ﬂllittlé potential for induced seismicity as a. result of fiela
_kipr'oduction. _’vSubsidevnce is not rec_ognizgc‘lj:_f B Y S

4128ackground : R

 'Data for this study come from many sources. principal

 among these are reports by the USGS and the Oredon State Engi~ —°

: “'neer's Office. - These are. supplemented by brief reports by the - .
. Oregon. Department ‘of Geology and Mineral “Industries, and by . .

- fragmentary data from private sources,. ‘researchers at Oregon

- State 'University and Oregon Institute. of ‘."Iechnology -{OIT), and ._  '? 

L . company records,of,GeothermEx, Inc. -

L These data mainly deal w'thﬁsx;xrf_'acé geoiégy arxldvhird'rology,-f‘i
the shallow groundwater system, utilization of thermal water at =

. Klamath Falls, and results of exploration for geothermal re-

" sources.. There are limited data eon water chemistry and seis~
Comicity. - o R AR S 4




A

: Data ‘are lacklng on the deep geothermal system. its chem-
vrlstry, ‘enthalpy, state, extent and producibility.  Data are - .
~ ‘scarte corcerning possible subsidence, induced se1..m1c1ty and
”llkely pollutants from a geothermal system :

A canvass of wells 1s presently belng conducted by the USGS ’

and OIT.. However, very little is known other than well loca- s
vt1ons, depths and temperatures.{ « _ S

4.‘2 csommz 'SYSTEM

L 4.2.1 Deflmtlon of SXStem

Klamath Falls,‘ a c1ty of nearly 20, 000 1nhab1tants,

7"located ‘in  the southern part of Klamath County. .in_ southernd o
‘Oregon (Fig. 4.1) 'within a large, compound graben known as the
“Klamath Basin. The basin .contains numerous thermal springs and :

- areas of thermal w~1ls, the most s.1gn1£1cant of which are: - - '

1). _ ‘a 5—km (3-—m1) long northwest trending zone. of thermal
i sprlngs and wells wlthln Klamath Falls city;

42})"_ a 5~km (3-mi) long northwest trending zone of. thermal -

wells on the southwest -flank of the Klamath Hllls,

: some 19 k. (12 ml) south of Klamath Falls;

'l 3) a stream canyon at Olene Gap, about’ 13 km (8 ml)'-..g.;.f..-
. scutheast of.  Klamath Falls, - the  site " of thermal g
spnngs and wells. and : e T

4) .~ the east side of Eagle Po.n.t - penmsula in Klamath L
. Lake 24 km (15 mi) northwest of Klamath Falls, the o
: ,.sn:e of themal springs. AR v : L

ST Mlldly thermal waters are found at several other places .m}vi!:
.~ the Klamath Basin. ~All told, these form a discontinuous and .
' en=echelon, pnnclpally ‘northwest = ‘trending zore of thermal
-~ waters nearly 48 km (30 mi) long. Indeed, possﬂale structural .
" ‘extensions  of the Klamath Basin in’ northern tallforma are - S
“mdlcated by Oc:casmnal themal well&. , R U

By far the most mportant of ‘these” thermal anomalles are

~ .those at Klamath:Falls and Klamath Hills, with those at Klamath

Falils belng better known and more extensmely developed. ~Mani-

. festations  include  thermal . springs (Klamath Fallg, Olene and
- Eagle Point) at: temperatures from .about '32°C (90°F) (Eagle
 Point) to near boiling (Klamath Falls); shallow thermal. wells
-(Klamath Falls, Klamath Hills, Olene and elsewhere) producing .
- .water just above ambient nonthermal groundwater temperatures .

- (16°C [60°F])" or higher to as high as 113°C (235°F) (Klamath
_*;a%ls;, and a’ few shallow wells that produce steam (Kla:math e

- Fa ls o S . g
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: Altogether,- at least 400 features produce thermal fluld
'the maJorlty of them only slightly —above ambient nonthermal ..
-, groundwater. temperatures. . Most wel 1s with temperatures above .
: - 60°C (140°F) are in Klamath Falls city or suburbs. At least - -
" three wells with temperatures to 82°C (180°F) are located not
.o farther : than about 1 6 km (1 ‘mi) from a ‘major fault zone .
v;A(Sammel 1976‘6 [T e :

o o ! :.;,,

ERE T The assoc1atlon of these thermal features w1th faults of
the Basin - and Range type (normal, 'down on the valley side) :
suggests that deep conveétive clrculat:.on of meteoric water-is

the source -of heat for the geothermal system., Nothlng clearly'_.- :

«suggests a magmatlc heat source.

Fluld chemlstry (szllca concentratlon, sodlum-potass‘iun.

o calcium ratios) is suggestlve of a reservoir. temperature of .
 about 140°C (280°F) which would be inadequate for generation of
' electricity.  Temperatures this high have not-been encountered
in drilling to date; therefore, the depth to waters of this
. temperature is unknown. - Speculation suggests. about 1 km (3,300
. ft) to .the high temperature reservoir, -with.convective circu=- '
latlon reaching perhaps 3 to 4 km (10,000 to 13,000 ft) along
-major faults. This assumes a conductlve gradlent -of  perhaps’
- 35°C per km (1°F. per 100 ft), which is "normal" for most areas -
~  of the western Umited States. In the event of higher than’
'lnormal gradlents, convei:tiVe -circulation mlght be shallower. e

. Wells in the Kla.math Falls area commonly are less than 210
m (700 ft) deep, with many wells being less than 75 m (250 ft),

espec1ally along fault scarps. The wells. ‘producing wet steam .

- are less than 46 m (150 ft) in depth, along the trace of a fault:
'+, in the center of ‘Klamath graben. Apparently, steam has col-
L jlect}a-_d there as the result of bo:.l—off from a deeper hot water
. aquifer. o ) . o

; 'J.‘he deepest thermal wells are those at OI‘I‘ campus, wluch’" 3
- reach to 550 m (1,800 ft) in depth, and have . a temperature of -
- B8°C (190°F) Deep o0il tests elsewhere in the region may have
_as:high or higher temperatures, but. do. not involve the geo~-

' thermal convective system. A qeothermal ‘test -hole near. the
- . Klamath Hills geothermal zone was drilled to more than 1,700 m
;2 (5,500 ft) by Thermal Power Company in - 1976. Although no tem-j; -
o perature logs or chemical analyses are ‘available to the public, '
:-.1t,is ‘believed that the hole d;d not encounter the geothermal'
?_v:—_aqulfer sought. e B _ S

S Reserv01r fluid probably is. hot water. » However, it is pos- ]
e s:.ble that steam 1is ascending from . greater depths, perhaps as . -
" boil-off from a still deeper hot water aquifer, and mixing with
descendmg cool meteoric water. This is. based principally on

© - the relat1Vely dllute chemcal character of  the. hot vater as -
knoVrm. : :
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, Chemlcally (Table 4. l), the cool ground and surface waters i
are calcium magnesium blcarbonate, ‘with very low TDS (often less
.~ ‘than 100 ppm). - Chloride, sulfate, boron and fluoride are pres~. -
CoESD egt at less thau 1 ppm. With .1ncreas1ng ternperature, waters'
LR . show: - v

RS £ B "1) ' increased ’ I'DS, commonly reachlng 500-700 ppm, ‘and. -
Ld T s ’ E occas:Lonally sxceedlng 1 000 ppm; ; R

E LI , 2)  increase of chloride and espec1ally sulfate relatlve -
b [E e S S - to blcarbonate, ‘ :

3) . .1ncrease of sodlum relatlve to ca1c1um, and 'absolute e
o drop in magnesium, robably as a result of flxatlon insise
. clay m:merals, - ,

'4) ‘only a mild increase in boron ‘and fluorlde, '\éith'l .
- values rarely exceedlng 1 ppn of either. ' |

o The system does not appear to be very gass y,falthough gas‘l '
: analyses are almost. nanex:.stent.‘ : ' ;

, .~ The * Klamath Hllls system ‘ appears s1m11ar, : except that
sulfate values appear to be lower than at Klamath- Falls. R CoFn e

_ ~ Crude calculatxons based ‘on m.xlng variable .fractions of R
. low TDS, calcium magnesium bicarbonate water with hotter, more
concentrated geothermal waters lead to the conclusion that true
- reservoir equilibrium temperature 1n the Klamath Hills system
N vmay be above '150°C (300°F). This is compatible w1th a 55°c per L
: (2°F per 100 ft) gradlent to 3 km (10, 000 ft). A o

Presently, about 'S00° hundred homes, offlces, commercxalﬂ S

i bulldmgs, ‘schools, churches and greenhouses are - Leated by - ' . -
- geothermal water from the shallow system from some 400 separate

. shallow wells (Lund, et al. 1975)." Well water ranges from 38°.° .

- to 110°C (100° to 230°F) in temperature as produced. The energy
~ _consumption from this system is equivalent . to 5. 6 MW. average
annual use, with a peak load equivalent to 56 MW: . Although it . .-
e =N w1dely believed that the system has the capac:.ty to produce. -
© ' far more than this, there 1s no factual bas:n.s for making a
;.quant1tat1ve est:.mate.v_ B SRR R T

LI well costs’ averag:mg about $10 000 have kept many home- B
. OWNers, and small- bu51nessmen from mstalllng geothermal well - '«
- gys.ems. However, rising fuel ‘costs have ‘heightened interest in =~ .- i -
S such systems and. 1ncreased utlllzat:.on can be anticipated in =
o comzng yeaxs. Lo i _ S _ .

SRS T




a'*Tf- TABLE 4 1 CHEMICAL ANALY
* runayuvrn tnxs:u,

_i; Samété{ ;
- Loeation

Date
of -

- Sample] '

' Shell Rock Spring
'~ Cabin Spring
¢ "Humaingbird Spring .

iﬁf"Oregon Water COrp.

. Wame of Spring or Wellr-k

jVBagle Potnt Spring

. heubert Spting

* Well, 98.6 feet deep;:'

OIT Vell 76

J. B, Ericson

" Keno Spring L
Alfred Jacobson

° . Weyerhaeuser Wellyﬂé -
.U, S, Alr Force -
PR Dave O’Connor S

'7'0. H. Osborn

“. - Anderson WEIL

“Abe ‘Boehm

" biskey Well o
;»,Tulana Farms Spting

”T, R. See.

o 36-7-23dcav -
g2l
1 37-8-26
© 37=9-6bed:
37-9-Tade -

© 37-9-9dec’ i
S 38-9- -20udb’ .
~ Mer-Bell=-Dairy =~

18-9-28cce

L 3&49-23cdc3j "
. 38-9-30acb

L 3ge12-14
30-9-3
49-9-18

40-7~11cce

© | 40-9-23bab
40-9-27cda

40-9-27

 40-9-28aca
M.‘”&O-9~34aca
_k_f41-a-5cbb

: 10‘5-,75_ ;
©8-6-75
o 8=S-T20
U 4-2-75"
8675

8-6-75
3-31-75
C1=24-55-
19455
- 8-8-75

© 10-16-75
5-20-7h
7 10-11-73 2
.. 5=21-74
5-7-74

3174
11-8-75

§<30-74"
5-9-Ta

| BT
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e pH gmho[cm‘
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. TABLE 4.1

(céntinﬁed)~'i
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ety A e 1o 3 N et et A ol e 0 SERAEETIT

__Concentrations (milligrams per liter)

Ca Mg

S04

e . F

Name of Spring or. well 8102

: 38,-'?

R

29
S 18
2

- Eagle Pnint Spring 5
ishell Rock’ Spring 4

Cabin Spring

“Hummingbird . Spring

Neubert Spring

. Well, 98.6 feec deep
© OIT Well #6 -

Mer—Bell-Daixy
Jo E. Ericson

Keno Spring ,
Alfred Jatobson

~ - Weyerhaeuser Well #&‘

U. §. Alr Force -

. 0. H. Osborn

Anderson Well

~"Abe Boehm

Liskey Well

. Tulana Farms Spring '

R TO
-‘,Blﬂf
oo 8T
Oregon Water Cprp."’ 21
40
. 65
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,'90»
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. TABLE 4.1

Natk

.

(continued)

Ci:

©Total

Name of SEring or Vell Na:K Ra Ca :

el Eagle Point‘Spring‘ : 18 51 180 99
5 Shéll Rock Spring 6,70 .7::12,70 ¢

" Cabin Spring .. 16,30 0.90°
“+ Rummingbird Spring ;
‘Neubert Spring. - 9.96 1 10 -

995 - 1.15

". Well, '98.6 feet decp  1.70 . 1 51

. OIT Well #6. /- - 8%.1 1lo 05

... Her~Bell-Dairy: . - 86.50 U 16020

"3, E. Erfeson . - ': 76,80 15.40-
Oregon Watet Corp. -16:98. o 2,66

- Keng Spring L 2032 0 11,0200
.Alfred Jacobson - 9,78 .., 15
wey.'rhaeuser Well #4. 16.40 - - 3,58
Y. S. Alr Force ... 18.0% - 14237
Dave 0'Comnor = oo 64727 . 4.65 -

0. M. Osborn - . U'7.88 . 2.3t
" Anderson Well - '.59,70 .‘ /30,80

Abe Buehm'. ;- - L,:45 35 . 4,65

Tickey Well © - 75,00 16,13
Tulana an Sptinc 78,10 71.08 .

CatMp -

T 149,60 7
i 182
.50
+85
06; .‘

24412
.115.61
1.33

" 459
) ‘81
4.51
S .80
- 2.80

2,49
30,71
.32

14,81

108

ALk,

40
.l07iv

.10

S TR
S04

04

4,53

4,63

06 -

17
.12
04
+24

4 19
: ,.106 i

40

3.64 -
.06

" ammemcies Tonic RAL0S smmmmmwemme
‘el LPel . L €L . HeOy

Alk

i S0 F B

©21.70 ¢ 11.45 34,87 172,31
1,36 542 . 6.80 177,38
- LT e 269,60

1,35 .- 5,42 07,63 ¢ 340.56

1035 A9h o T.63 0 33047

2,72 39,40 - e

.39 21440 170700

U236 24010 17,160
.35 18.80 18 "8 '

10.0 239,50 .. - e
12.38 21,85 10.97 - 259.50.

1,64 42,20 4.82 - 56,76

2,71 00 19,78 13.56 235,52
21 = ,08 400,08
CL6 e e A

.56 20,00 22.19 - 10.06
1,72 32.80 . 46.91 - 194.20

1,53 455.48. . 37,05 .. 185,11

0520 18,40 02817 15.40
.50 . 7.83 6.1, - 212.85

272,39

504 .

19.71

62,027
137,06

0%
408
.07

200,10

9.70
23,58
69.54

7.31.

13

3.72
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'4.2.2 Potential Pollutants = -
.~ “The principal -pollutant is heat; this ‘is derived from all -
. 'wells, whether heat-eéxchangers (see 4.2.1, above) or direct -
consumers ' of geothermal fluid. Those holes ‘involving heat-ex- -
" _change do not" discharge any mineralized water,  as none is pro-
"~ duced from the wells. Only those few holes. consuming geothermal
~ reservoir fluid have any geothermal discharge. - o :

G e TR SRR

. .£.3 WATER POLLYTION POTENTIAL =

et prpear e e el

vai.ié'.l- ‘§ummary of Baseline Water Characterigtics

... Klamath Basin - groundwaters fall into two main chemical
‘groups. Cool wells and springs are of the ‘calcium magnesium

et - - bicarbonate type with low TDS (about 55 ppm). The second type -
-1 . -of water, occurring in warm and hot wells and springs, mostly .
©t " within the lasins of the Klamath graben, is sodium bicarbonaté

+ . chloride sulfate water with DS averaging 700 .ppm (and reported. .~
" as ‘high as 4,000 ppm). Boron and. fluoride concentrations in--

' crease with temperature. For -a detailed discussion of water:
characteristics of Klamath Basin, refer to Geonomics (in press). .

Water pollution data are very scarce, incomplete and prob-
~ably meaninglsss. - They show principally that pulp and paper. . .
operatjons. at Klamath Falls and agricultural- irrigation dis- =
charge more -pollutants and possibly toxic substances than the
‘geothermal system can be shown to contain. Amoéng these ~indus=- - .
~ ‘trial and agricultural wastes are pesticide residue, various . -
~ phosphate fertilizers, and sulfate and chloride ions. Partial
_analyses of water from Klamath Lake and Klamath River show
‘indications of these.. .. . . . T

e g CLORIR | iy A e 3T S e B

' 4.3.2 potential Water Pollutants

. The principal ‘pollutants from this discharge are ‘chloride .
. ions (perhaps 50 to 60 ppm, Table 4.1) and boron, with about 1
. ppm on ‘the average. In comparison, local cool surface waters

. average less »than 1 ppm boron and 1 to 10 ppm chloride_. R ‘

i o s e R o AR bt e i

. ' other polluting constituents are not recognized from the .
scattering of partial chemical analyses available to this study.
- However, no data are available concerning metals or other trace
.. .element contents o0if these waters..’ When these additional. data

s
v

' are ohtained, the pollution potehtial may be altered.
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4.4 SEISMICITY

4.3.3 Potential Pollution Mechanisms and Pathways

- Direct discharge from thermal wells goes into local surface

waters. Most wells do not directly produce the reservoir fluid, P
but  utilize heat-exchanging in. the well with cool, meteoric.

water suppiied’ through the municipal water system. The heated

. municipal water is discharged-to the.sewer system when depleted. .
. of “its heat.  -Thcse wells ‘(principally OIT and Klamath Hills) -

. .consuming reservoir fluid at the surface, dispose of the heat-
~ depleted fluid ir a similar mannec. R B i

' 4.3.4 Level of Potential Pollution

‘:;,=N§Qfe490nrisiseen'fbr’an increaseiin‘poilgtants; unless
" 1) New wells are allowed to discharge to 'the surface
" instead .of -being’ heat-exchanged with cool meteoric -
water; or - St , Co . :

5 .2) waéllsiare'drilled'into'deepergaQuifers_(perhaps7900 m
. [3,000 ft] or deeper). -. - . e S

; iheJ1étteeréems-ﬁhiikélYfin the-near:f%tﬁté;'bEéaugéUoffL

- the cost of the deeper drilling, and the general lack of inter-
-~ est in exploration. for a deep geothermal aquifer for generation
- of electricity. If it occurs, new. studies of chemistry, heat -

" content and pollutants wiil be required. - Lo

Vo

2_4.4;1 - Summary of Baseline Seismicity and Seismic Risk -

N TﬁfOthOﬁt:the Pacific;Ndrfhﬁest;’ihcluding KIaméthVBasiﬁ,5'“

‘very few seismograph stations operated until the year 1962.
.. Earthquakes of magnitudessmaller than 4% or 5 either were not
- recorded at all, or were not recorded at sufficient stations to

. ‘permit instrumental location of epicenters: and ‘determination of .
" magnitude. Thus, nearly all pré-1962 shocks were located using : -~

‘ felt-reports, which are highly dependent upon the distribution
" of population and- time:of day of occurrence.’ Also, the "size" . -
- of " these events was based on a crude, _graduated rating of

' effects.

“i.%7- .. Therefore, the earthquake history of this region is poorly
" known as to the eccurrence of noninsirumental epicenter location -

“-and size of smaller. shocks (Ms5).  For this reason, correlation - °
- of seismicity with particylar faults, and determination of mag-.. -
" nitude-frequency curves for various areas, cannot be dore with

. much confidence. .. .
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Most of Oregon,, and adJacent parts of Idaho, Nevada and . - =
]Callforxua, form a large region-oi low selsm1c1ty in comparlson
.“with many parts of the western United States. ‘Historically, no -

major, destructive earthquakes have occurred in Oregon, nor has R

.any instance of surface faulting been reported. . Moderate seis- '~ . .
. micity .characterizes the Portland-Willamette Valley axea of
.. northwestern' Oregon; -however, the rest of the state exhibits -

.~ lower or negligible seismicity. Sllght selsm1c1ty has: been..
“‘reported near Klamath Falls, but not elsewhere in Klamath Basin. @
. Berg and Baker (1963) reported five small shocks, with J.ntensz.ty, s

el IV at !\lamath Falls dunng the years 1947 to 1951.,. :

v Earthquake ‘risk is poorly known because of the extremely
‘low seismicity and  inadequate  reporting. . Couch:: ‘and’ Lovell ..

°(1971) ' have analyzed ‘earthquake occurrence ‘in Oregou, and . de- -
‘scribed ths selsmxcz.ty -of several physu::grapxnc provinces. One =
of the: prov1nces 1s the Ba51n and Range, whlch :mcludes Klamath
Ba51n.- :

B
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' Very: 11m1t“d data suggest a rate of energy release of: 8 8 x’.
10'6  ergs/yr for the period 1870 to 1970 (Couch and Lowell, .
1971); this ‘figure is probably too low, due to the lack of = " -
,shocks being reported between ‘1870 and ,1906. In any case, this
. rate of energy release is equlvalent to ‘the occurrence of one
5 M~3.3 earthquake per year per 10,000 sqg km- (3,900 sq mi); or to.
one shock of M+~5 per 50 years per 10,000 sq km (3,900 sq mi). .
: ‘Clearly, this area has exhibited very low seismicity comp~red to
‘the seismicity of .central coastal California, which may.be
: 'expressed as ten M~S shocks per 50 years per 10 000 sq km (3 900
. 8q ml) : : : , ;

o Based upon the ahove data._ hie max1mum probable earthquake‘ SR
- . ‘acceleration per 100 years .at a’'given site in the Klamath Basin = -~

~~is . expected to be about 0. 07 g.. Therefore, earthquake rxsk to.

e well-engmeered facilities in th:.s area 1s qulte low m com= -
‘parlson w1th many other areas. . . ; _»,.:e s :

e ; No 1nd1v1dual faults are’ mapped as presently actlve or' as.

gy '_dJ.stuer.ng late Quaternary deposits. ~However, - fault movement - -

. was_  intense in. Pliocene and early Plexstocene tme, -and the .
potentlal for renewed movement may exa.st..., SRR B

;'._”4 4. 2 Potentlal Induced Selsm1c1ty ‘

v Se1sm1c1ty ‘may " be induced - by change of pore pressures, -
. -resulting from (a) withdrawal of. fluld from rocks- that are . .
“~poorly consolidated, with abundant pore space, or (b) injection
... of  fluid under -high pressure into brittle rocks of limited. - -
e -f,poros:Lty.., Nelther condltlon 1s recognrzed at Klamath Falls. DERTEE

REE ‘Withdrawal is- llmlted to a few wells on the OIT campus and .. -
S at}_Klamat‘h Hills. ‘ Other -wells 1nvolve 1n situ heat-nexchanglng, LT

| f]ci?7f?;fﬁii/ri';ﬁ.;;
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' i£hout'thahcti6n'bf fluid from thg_éeothermal'reéervoir.' No‘

- “injection takes place.

" Unless the conditions of utilization lthangé',radiballyf X

- induced seismicity is not anticipated. =

4.5 SUBSIDENCE_ B

‘Subsidencé - is zkpdrtédiffém‘maﬁyfibé61itiés where fluid

(oil, gas,’steam,,water) is produced from poorly consolidatedf;r

“rocks or sediments. The case at the Wairakel, New Zealand, .
‘geothermal field is well known. -~ .- : . B

f'4,5.1 Baselihe‘Datav

""" 'There has beéh:no éYétematiC‘attémpt;to»cdllectndata from
- leveling or triangulation surveys to- determine if subsidence 1s
- occurring at Klamath Falls. S ' S

“j4}5,2’”Poten;ialfSubSi@ence'

) If'produdﬁidh'of"geofhérmal fluid increases, or continues:

- for auvery;long.timefatvitsﬂlimitedérate; some surface . sub-

- sidence may  be nqted.ﬂﬁ?roductiqn currently is-limited to a few v

hundred liters per minute along the Klamath Hills and on the OIT

VlEffcampus.A Some declines in static and pumped*ﬁater;levels”héve* 3

" ground subsidence is recognized..

© " peen. reported informally at OIT, but no quantification has been ”f“

_possible. At these production levels, it may be.decades before '

L ale POLLUTION CONTROL TECHNOLOGY G

o ﬁ_3@,5.1 fCur;ent”PractiCes ;:_Q:

R --‘Pollution -appears. so minimal, that nothing 'is done. at- oo
»»presént_to'COntrol it.  Probably the,singlg_mbst’significantv"
- indirect control mechanism-is the[practice‘ofﬁheatéexChanging in -
~:“‘all but a handful of(the'4oo.thermalvwells;in Klamath Falls and

 'Klamath Hills, thus preventing ‘discharge = of ;any,~geotherma1;,j;

. a.6.2 _Antic':i;ia'tea-'rechnoidgg; ST T

ST qhangeS”in’practice are ﬁéﬁ‘éntiéipétéd; Perhéps,in future7“”’

" years it will be necessary to ensure that all ponthermal. agui-

.fers are;éased‘and'éemented-off from the thermal.aquifers in,‘f

.~ ‘every well. However, the value to be gained from this may be-

;inEminimal; as the thermal wate::is'of,relatively;godd quality.

e
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SECTION FIVE
RIO GRANDE RIFT ZONE

5, 1 m'monucnon o

For dlscu551on purposes the Rlo Grande let d1v1des con—,”

. veniently into four parts, each with dlst1nct1ve geothermal
.: features and energy’ potent1a1 (Flg. 5. 1) ~In _/ "downstream" . = -
‘order these parts are- s - , t - B

1) _ the San Lu1s Ba51n,.if‘
Cpr)V}che Jemez (Valles Caldera) area,‘ .
. 3):'gthe 50corro~La Jenc1a Ba51n, and

4) _theysouthern Rio Grande let area.

o "‘These areas represent markedly dlfrerent leveIS'of geother-__ﬁ.7
- mal: potential and consequently different 1eve1s of potentlal“
G env1ronmenta1 1mpact resultlng from development. R

v The basellne data report of thls serles (Geonomlcs1 1n‘ v

r press) described the cllmatology, geology, - hydrology and seis- "~ =
'mology of the Rio Grande Rift in general. - That study has led us *
. to focus on the Jemez (Valles Caldera) area.-. Consequently, more . .-

. detailed@ baseline data. for the Jemez area will be developed.;h
-~there,'w1th empha51s on. potent1a1 env1ronmenta1 1mpacts. :

The Jemez River Ba51n 1nc1udes both ‘the Unlon 0il Company s'

fﬁannounced geothermal discovery (in the Valles Caldera) and the =~ -
~~hot dry rock experiment being carried out nearby by the Los "
“‘Alamos Scientific Laboratory, Un1ver51ty of California (LASL). -
© 7 From the standpoxnt of ant1c1pat1ng the potential envzronmentalﬁg..,
.. impact of geothermal development, sufficient data exist only for

the Jemez area. Either the hot dry rock experiment or the Union

.01l Company field could become operational geothermal energy . .
. sources within a few years. The need to understand the environ- .
. ‘mental impact of these. operations could become urgent within'a ~

1" relatively short tlme, whereas the environmental impact of geo- . .
. thermal development in the other areas lies years to decades in.
. the future. Therefore, we have focused only on the Jemez area . -
Tv1n th1s report. £ \ : _ _ : - ®
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The Jemez area includes the hxgh mountalns of the rela-

't1vely young Vailes Caldera and some smaller and older volcanic

- structures (1nclud1ng the Toledo Caldera) and their related -
. valleys, plus the plateaus. and river valleys ad;}acent to the
' pr1nc1pa1 volcaxuc p11e (Flg. 5. 2). v - _ :

Flg. 5 3 shows the thermal features of" the ‘area. Warm and' o

f'hot ‘springs occur ‘at more than 20 places within the area. ..
',Carbon dioxide and hydrogen sulfide discharge from many of the -

sprlngs and an ‘extensive - solfatarlc area w1th1n the caldera."

'l'wo wells drllled outsule the caldera dur:.ng the search for‘, '

_oil and gas found hot water and,. in 1960, Westates Patroleum - -

| "Company drilled a wildcat well in the solfatarlc area .in Alamo

: Canyon of ‘the Valles Caldera and" found steam.

The San Luis Basin: represents a not unusual enlgma--Just

“enough thermal - ‘activity to make it a possible target, but not =

_enough actlv:n.ty to make it a high prlor*ty target for explora-,.

' " tion.

. The SOCorro-La Jenc:.a area exc1tes the :magmatmn, because |
,1t may be underlam by a’ large magma body. :

'rhe Southern Rio Grande Rift area’ exhlblts many surf:.cz.al‘
thermal featyres that constitute attractlve potent1a1 targets‘
: for geothermal exploratmn.- ‘ _

T 'l‘he Jemez area of the Rio Grande let is the only area :m‘ -

the Rift for which sufficient data are available to assess the

~potential subsurface env:.ronmental :unpacts of geothemal dew'l- "
Hopment. A _ :

:l‘he Valles Caldera domlnates the area and is the apparent

-z center of. geothermal activity. Within the caldera Union" oil-’

. ‘Company has six production wells., West of the caldera LASL is
; conductxng the ‘hot dry rock experxment using two wells drilled
" deep into the underlymg granite; ‘where rock. temperatures ‘are.- -

. 200°C (392°F). Water circulating through hydraulically oroduced ' -

. . fractures from the injection well to the production we...- has"-f

S ,been warmed to ‘more than 100°C (212°F) durxng short tests.

“The geothermal features occur entlrely w1th1n the Jemez

i!‘uver Basin. " The warm and.hot waters out51de ‘the ‘caldera are

“‘fm.xtures ‘of c1rculatmg shallow groundwater and "deep thermal -

ground water® from the caldera.

Potentlal pollutants due to productxon of thermal fluids :

1nc1ude -arsenic, boron, fluoride and hydrogen sulfide. Injec- .-

" tion of waste fluids inte wells within the caldera should. remove‘
any hazard release at the surfate would be hazardous. _ :

o192
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ards for potable water. . .

daters c1rcu1at1ng in the hot dry rock experlment w111 have'

composutlons similar to those observed in granite terrains and

©-TDS should be well within the federal and. state quallty stand-

%—

S : D1st1nguxsh1ng env:.ronmental changes creuted by development
.. of the geothermal resources from changes due to natural phenom-

ena or to other act1v1t1es of man wxl.:. be dl'flcult.—_

Selsmlc effects of .lydraullc fractures at- the land surface. '

are - negligible. Deformation’ within the caldera is primairly by
‘creep, S0 the se1 .mlc effects of steam productlon should be

s mlmmal

Subsuience could - become . ev:Ldent ln the caldera 1£ the

pressure head in the caldera fill sedlment decreases..

52 czomcxc sm"rmc

: 5 2. 1 Topography and Dralnage

The Jemez Mountalns domlnaté the Temez area (Flgs. 5.3 and :

level. ' Valles <Caldera lies thh:.n these towering peaks, a -
roughly clrcular depresslon aboo* 19 to 24 km (12 to 15 mi)
across.»” el L :

'J.‘he Jemez Rlver dralns Valles Caldera and emptles 1nto the‘

discharging thermal water in this volcanic ' field.” All the

. smaller streams in the caldera area drain into the Jemez. River.
" . The Rio Chama drains the north flank of the area and the Rlo
S Puerco drauis the west flank of “che. Slerra Nacimiento. =~

_ perennial streams. San Antonio Creek ‘drains the northetn ‘and .

drllllng for steam has been concentrated

from

7 1957 S

5 4).  ‘They are a great pile of igneous rocks rising from dis- - =~
sected plateaus ‘to peaks ‘over 3,100 m: (10,000 ft) ‘above sea -

e Rio Grande -about 10 km (6 mi) ‘north of the commuriity of Ber-
iy nalillo.. It is the only ‘major stream dranung ‘the area of -

) The floor ‘of the Valles Caldera lies 150 to 610 m (500 to . . ..
_‘_.3-,2 000 ft) below the caldera . rim and is crumpled into numerous .
- smaller valleys and peaks. Most of the peaks result from resur- . .
- 'gent emplacement of rhyolxte after the caldera floor collapsed.
.- Between and below the peaks are high mountain valleys with

- western parts of the caldera. The East Fork of the Jemez River -~ =

- "drains - ‘the southeastern and southern part of the caldera.y
“Sulphur Creek and Redondo Creek :drain the western interivr of .- =~
the caldéera, including the solfataric.areas wh.re most ot the"‘-

B R Most of the ‘domed mountams follow ‘the nng fractures R
" within' the "¢aldera wall (Kudo, 1974) Redondo Peak nses i
-7 the caldera floor 1n51de the rmg fractures to an altitude of ‘
S 3 432 m (11 25¢ ft) and 1s the hlghest peak in the regxon. B
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.::;'. ':,‘2,‘.'2 5 Physiography and :G_eomorphologx‘ _ o

' In geologic terms the Jemez Mountains are: young.  The-.
~oldest basalts of this complex volcanic pilc appear to be of .

,‘ - early Pliocene age with one member dated by tne potassium-argon .

‘method to be at least 8.5 million® years old (Kudo, 1974). Two.
- periods of caldera formation follcwed thcse early flows, the.:
- latest about 1.1 million years ago ,(Kudo,,,;],'974).' : R

' “Ross, et al. (1961) describe the Jemez as ."a -maturely -
~eroded,  centrai mountainous mass surrounded by more youthfully:
. dirsected plateaus and mesas." The gentle slores of the mesas_.
-’ ‘and plateaus surrounding. the Valles Caldera are deceptive, forz
 _deep canvons with steep walls cut them into numerous .smallexr—
. sections. - Best ~known “of these. gorges -is San Diego Canyon,
- through which the Jemez River flows away - from the caldera and=
“"south to San Ysidro where it is joined by ‘the Rio salado. Hot—

' springs have built the famows Soda Dam across the Jemez:-River inc=

san Diego Canyon south of the caldera. Reagan (12273) believed:

' the series of breached travertire dams showed that San Li€gox

Canyon was cut by the river as it continued to erode a channel.
- through a series of uplifts. - '- R : L

Cm e

" §.2.3 Soils and Vegetation: . &

" Most of the soils in the area devel'oped”basi'cally in place=
from the volca .c rocks. of the pile, although the lower mesas:
down by Jemez Pueblo and San Ysidro contain Tertiary and Cuater--

"~ nary sediments of more varied composition. all but the sieepest:

~~ .canyon wallc support vegetative cover, including forests in the:
.‘high plateaus .anc mountains. ~Greasewood, cacti .and: native-
' grasses characterize the ~.zer “elevations . with- willows and-
.. “cottonwoods alcng the riveis. ‘Mixed conifer forests of aspen,:
- gambel oak, “pine, spruce and fiz cover the higher mountains..
. 5.2.4 structure L T
o The Valles Cal3era lies acrcss the Jemez Fault .(Fig. S.2),
. a ‘northeast trending fault vhich has been called the westerr
'~ margin of the Rio Crande Depression (Rors, et al. 1961). Qur

o . ‘broader- interpretation 2f the rift zone ruts the western bound-
“ary. along the Nacimiento Fimlt (Fig. 5.:9), which trends ncrth-

‘south west of the J:mez Plateau ahd . separates the Rio ‘Grande:
~ 7 'Rift  fiom the San Juan ‘nasin. As Fig. 5.4 shows,. numerous:
- smaller faults criss-<ross the Jemez area. . Most trend north to:

‘northeast, but a few trend northwest. Many follow' an ‘en-echelor

. ”_ff' ‘pattern siwilar to those associated with the rift in other

- " areas, - The Valles (Caldera. and the volcanic pile around the
.. caldera cover many suspected. faults. ..~ = P

" Ross, et al. (1961) suggested ‘that the 7 mez Fault may have

o c ntinued into the raldera, where the post-caldera graben aligns




" with the suggested extension of the Jemez Fault. Besides that

~

S A R e Y

e g g e i
i . 5

B it A o R

75.2";'6" _' ,strétigraﬁl'QY“ -and Paleograplxz. .

~ Rocks of ‘Precambrian Age--

caldera (smith, et al. 1970).. The ring faults along which the .
caldera subsided have been covered by younger volcanics and. .

alluvium, but Smith, et al. (1970) found exposures that indicate = .
/. ‘a complex- fracture zone 3 to 5 km (2°to 3 mi) wide around the
5 ‘“moat" of the Valles Caldera. = L R U R

" The Jgreafe’-rfthi‘.ékhes',s of volcanics toward the east side of

the Valles Caldera, ‘compared with thickness Lof volcanics to the
west, plus displacement along the major fault zones, led Ross,.
et -al. (1961) to suggest that “yolcanism in the Jemez Mountains

T ‘related to the initiation of faulting in the Rio Grande
- Depression." .o 0 L A L

'”1_5e2¢5‘ Héat-ribﬁ'_',7

‘Heat flow vv‘alurés"bf,_‘aboht 5 HFU (1 HFU = 1078

‘holes.  The wide variation among - values within”a hole compli~-

. cates use of these data/, but even the low heat flow calculated

at 3.8 HFU exceeds the world average: heat flow -of 1.5 HFU B

' (Blair, et al. 1976). -

. Reiter, ‘et al. (1976) suggest that’ magmatic sources asso- -

ciated with the young resurgent domes in - Valles Caldera could .
- account for the unusually large heat flow of the area. R

T Rocks of Precambrian age, crop out in‘:parts of the Jemez -

"River Basin and have been found at depth in several drill holes.. . :

. 'Fig. 5.5 shows contours on the ‘surface of the rocks of Precam~ . -
< brian age.. n1his map was modified from cordell (1976) on the . . °
- “strength -of additional data from 'the well log library cof the =
* ‘petroleum section ‘of the New Mexico State Bureau. of Mines and -
Mineral Resources. Precambrian rocks in this area generally are -
‘called grenite although many of them are metamorphic rocks.:. =
- Tester -(1974)  reports granites, granodiorites, .monzonites,
. quartz monzonites, gneisses, schists: ‘and . amphibolites ' encoun- -
‘tered in the Precambrian sectien of the granite test holes of ' .

: LASL's hot dry rqck_pro»j_ect; 3 -

‘Rocks of Paléozoic Age - ol C S . o
s Kocks of Paleozoic age in the Jemez area are mostly seédi- -
" mentary strata of Pennsylvanian and Permian age. ‘Smith,.et al. =
(1970) . include Mississippian age rocks in their undivided Car=- - =

graben, several radial faulis break up ‘the dome within the .

, , va. ‘ 'cal/cmz/sec);;.,
.. -occur on the west side of the caldera (Blair, et al. 1976).
- Reiter, et al. (1976) measured heat ‘flows ranging from 3.8 HFU
to 10.0 HFU for ten intervals in four drill holes west of the .
- caldera, and ‘thermal . gradients ranging from 23.1°C/km . to
.273.8°C/km - (100°F/mi to 488°F/mi) for 26 intervals in 13-
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f‘Rocks of Tert1ary;Age~—- - fe : T RS
<+ . Renick (1931) found 250 m (820 ft) of Nac1m1ento Format;onﬁw"
. and 35'm - (115 ft) of Wasatch Formation to be of Eocene age, and

‘at least 460 'm (1, 500 ft) of Santa Fe. Formatxon to be of Miocene - . .
to-Pliocene age. These formations all consist of sedimentary = -
: u‘rocks,,mostly soft -shales and sandstones of gray, tan and buff -
~’ colors, although the Santa Fe commonly is red and tan. Other - -
;;;formatxon names - have been . used by other authors in different
'i.parts of. the map area. for similar sedlmentary strata. Smith, et‘v~.
- al. (1970) mapped the main caldera area, “and their stratigraphic -
.T”descrlptlons include the El Rito, ‘Galisteo, Zia Sand and Santa - .
.. - Fe Formations, which contain sand, sxlt, clay, sandstone, shale, -
7. siltstone and- conglomerate of . red ‘tan, gray and buff colors. -

“"- These rocks,; ‘of ‘highly variable- thlcknesses, are interbedded . -

_ bonlferous un1t but most other workers c1te Magdalena Groupe:‘;;b
i~ strata of Pennyslvanlan age dlrectly overlying Madera Limestone

v'(Purtyman, 1973). The Sandia Formation locally includes a lower =
- limestone and upper ‘clastic unit of sandstone, shale and lime- . . -
-~ 'stone. -:: The Madera leestone contains gray shales and -a few .
3 sandstones interbedded  in the lower dark gray limestone, with
. .limestone and ‘arkosic -limestone ‘alternating with gray and red
~arkosic ‘shale- above it (Purtymun, 1973). Trainer (1974) found
~ -as ‘much ‘as 300 m (1,000 ft) of Magdalena Group rocks. . Permian -
- " rocks in the area include sandstone, siltstone and shale redbeds
-+ . assigned to the Abo and Yeso Formations and totalllng up to 366*
"vi’m (1, 200 ft) (Trazner, 1974)

'iRocks of Me50201c Age—-;~

Rocks of Mesozolc age in ‘the Jemez Rlver Ba51n 1nclude the

l'f}’Chlnle Formation of "Triassic age, the Morrison, Todilto- and-"ﬁff»

Entrada Formations of Jurassic age, and the Mancos Shale. and

" pakota Sandstone of Cretaceous age (Smith, et al. 1970). Renxck .
©41931) measured sections of the rocks of Mesozoic age. _His =
.7 . sections suggested a total thlckness of 1,500 m {5,000 ft), but '
~ﬁf;slnce he continually rhotes that these formatlans have hlghly'-
.. variable thlckness,xthat number ‘is little bettei . _han a- guess.

Test holes- at the LASL's hot dry rock project and some test

" 'wells in the caldera went from Abiquiu Tuff of early Tertiary =~~~
.. age directly into Abo: Formation (Puriymun, 1973). . The rocks of " .

- Mesozoic age occur-only in the western part of the area; over .
.- the remainder of ‘the area they were eroded away before the rocks
'-::of early Tertlary age were dep051ted. s

with volcanic and. volcanlc-derlved units which range from basal-
tic to rhyolitic in composmtxon and also have variable thick-

' nesges... Most of -these volcanic beds belong to the Keres Group .

of Bailey, et al. (1969), who state that the ‘lenticular nature

- of the formations.in this.group make its maxlmum actual‘thlck-'
.’ ness no more than 915 m (3 000 fr).. o

The Keres Group occurs mostly in the southern Jemez Moun-‘*

:talns and represents a pre-caldera phase of volcanlsm {Kudo, “ 7
,1974) i T RN i : AT
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”f_Rocks'and Sediments of Quéterﬁérg-Tertiary Ageé-"

s units.

a fbrmation,p:oduced'caldera«COllapse.,,Ihe‘quedoJCaldera re--
- *  sulted from the £irst‘period‘0£_eruption of Bandelierliuff.lehé”ﬁ
- .- Valles Caldgra‘fcrmed'aboutul.l million years ago. The .tuff
.~ from the second eruption partially,obscures\the Toledo Caldera .
" (Kudo, 1974).. T RIERETERE T

? ﬂfractures of the caldera and formed volcanic. domes (Kudo; 1974)-.
. within the Valles Caldera, renewed magmatic
- resurgent dome we call Redondo Peak (Ross, et al. 1961). -Tuffa-

3

Several pediments, terraces and older aliuv1uh,dep¢sitsL :

and the Polvadera Group of volcanic rocks show Pliocene to early

Pleistocene ages. The Polvadera Group consists of “"the sequence

o of,basalticf_andesitic;'dacitic,~and rhyolitic: rocks thatdgongu::‘

part of the»central_ahd.most“df the northern Jemez Mountains" i ”:

* f(Bai1¢y, et al. 1969).  The lenticular nature of formations in
the group allovs a)max1mum:thickness in one..place of 1,070 m

kY

(3.500 ft) (Bailey, et al. 1969). Kudo (1974) points out that
santa Ana Mesa and Cerros de Rio Basalts southeast of the Jemez. .

and volcaniclastics: accumulated between and around ‘volcanic:’

‘"~ "Mountains aISO‘erupted;during.thé@time'of the Polvadera Group, ..

Rocks'énd‘Sediﬁents,df"uatérhar  A'e——' el N
R The Tewa . Group volcanlcs represent~‘theuvlast . stages of
volcanism in the Jemez Mountains and include the famous Bande- =

o lier Tuff, the Cerro Toledo Rhyolite,~the'Cerro“Rubio Quartz

Latite, and the Valles Rhyolite . (Bailey, et al. 1969). . The -

= ' oldest formation in ‘the Tewa (Group is. the Bandelier Tuff of
. early Pleistocene age, and the Bandelier Tuff is divided into

two members, each having a basal pumice,bedfoverlaiﬁ by ash-flow

~ “tuff (Kudo, 1974). According to Ross, et al. (1961) the Bande=- -
- lier Rhyolite Tuffs ' T -

“erupted - from the crest of the Valles Range .from .
“centers - now obscured,  poured down valleys in the
. -higher mountainous terrain, and spread out as broad
. .coalescing fans on the gentlerlsurrounding slopes....
" They cover an area‘of_nearlyj;¢04olsq_kms(400 sqmi), .. -

"'locally attain a thickness of 300 m (1,000 ft), and

. ‘represent the accumulation of more than 200 cu km (50
Lecu mi)fof‘ash'and,pumige;'v;,.byi_' S
”;QThé éx§i6siveﬁetuﬁtionbdfveaéh"member of this voluminous:

»

fiAfterééACh“eruptiBﬁ; ihyolitid"maémas.rosévalongfthé‘ring%;

activity created the =

ceous sediments deposited in lakes during several stages in the::

" _caldera's history lie interbedded. with rhyolites of the Tewa .
~ Group . (Ross, et al. 1961). - .Other -Quaternary units.  include -

“alluvium, landslike. deposits, terrace graveLs;ifan-depoSits and -

 'caldera fill (Smith, et al. 1970).

o202
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5 2 7 Water Bearlng Characterlstlcs

: *-Wrth ‘the exceptlon of -the-rocks. of Precambrian’ age at the .

: szte of the hot dry rock experiments, we lack detalled quantl—

~“tative measurements of the water: bearing or water yielding
charactenstlcs of the ‘rocks in the. Jemez area. Most of the . -
“rocks in the area are of moderate to low ‘hydraulic® conductlvn:y-i .
.~ and yield water to wells or springs at some place 1n the area, R
o but many wells yleld less than 40 lpm (10 gpm)

Water 1n the Precambrlan basement occurs: in fractures, sof

" the concentration of fracturing contréls the amount of ‘water.
. available from these rocks (Trainer, 1974). In the hot dry rock
-project: on the ‘Jemez Plateau, “Purtymun, e"t al. (1974) found

~permeab111t1es that ranged from 5.3 x 1016 sq cm (5.4 x 1078

-darcys), determ1ned from water level: decay over a period of
. months, to 1.4 x 10712 sq cm (1.4 x 10 T4 darcys) determined from . -
. ‘pressure decay ‘after repressurlzatlon of a hydraulic fracture, .~ .
" 'and said these pemeab111t1es 1nd1cate the basement at the s:.te

is "dry“ for pro:ect purposes. ‘

' The Paleozo:l.c strata carry water ‘in fractures, 1ntergran— : :
ular - pores,- and solution channels (Tra:mer, 1974 and Renick,

©-.1931)." Locally the hydraulic conductivity of these rocks could'_'
- 'be greater than 30 m/d (100 ft/d), but. the average hydraulic
. -conductivity is undoubtedly much lower, possn:].y in the range of B
o O 03 to 6.2 m/d (0 1 to 0.5 ft/d) :

'rhe brittle sandstones and siltstones of Mesozo:Lc age yield

water to wells pn.marlly from fractures. Tests of cores from

‘ ~wells -elsewhere. in- New Mexico suggest that these brittle rocks -f:." :
~~have .an- 1nterst1t1a1 ‘hydraulic conductivity that is very low, -
rwhereas pumping tests of wells that tap fractures indicate an

. average hydraulxc conductnn.ty J.n the range of 0 3 to. 2 m/d (1' S
L. to 5 ft/d) T _ '

- , The Tertl.ary, valley f111 tested near Los Alamos appears to -
~ o have hydraullc conductivity ranglng from 0.3 to. 7.6 m/d (1 to 25 ' ©
g ‘»ft/d) wWhere. these. dep051ts are thick (2,070 m [6,800 f£ft}l), -

800 lpm (1 000 gpm) to wells (Purtymun

S Quaternary sedlments have the best water beanng character—_
- igtics among the rocks . of the Jemez Rlver Basin.  In the hlgh
2. country .all the. ‘materials with a granular nature,
- broken rock and soil,

_ .fv‘_r because they accept 1nf11trat1ng water and transmzt part of 1t
dcwnward (lralner, 1974) . :

‘become 1mportant water. bearmg units .

1nc1ud1ng '



5'3'~HYDR0LoéIc'SETTIEG '
'v75 3. 1 Introductlon

S The Jemez River Bas;n (Flg. 5. 3), an area of about 2, 700 sq
~.km (1,340 sq mi), and a sub-basin of the Rio Grande Ba51n, .con=

. -“primary hydrologic entity that will be 1mpacted by geothermalgp,
~-. development. - We have, therefore, concentrated our attentron on. .
v;the hydrology of- thls ba51n. : IR o

*_5 3.2 ‘Climate

U The Jemez Rlver Basin map covers a large range ‘of altitudes

{_gand the climate varies accordingly. . The immediate area of

- interest around the Valles Caldera has .2 more restrlcted range
v’of cllmatlc varlatlon. ' S ,

'i:C11matolog1cal Data--",,' ‘ ’ ‘ '
~ Climatological data have been corlected at 32 statlons in.

. year or more of prec1p1tat10n data, 14 also have temperature andi.

- itatlon at - the 51te of the dry hot ‘rock: project in Decemberf‘
e 975.,, S B e 3

‘Annual Heans-- : d ' o R : ’ o
Annual mean: prec1p1tat10n at stat1ons in the Jemez Bas;n.'

1,900 m (6, 230 ft). These numbers represent the total monthly -
S mean prec1p1tat10n recorded ‘at the stations. Fig. 5.6 shows -the
.+ -linear trend obtained when ‘these mean annual preclpitatlon -data
o j;are plotted versus. the altltude of the- statlons. Vo _

Mean annual potent1a1 evapotransplrat1on ranges from 54e mm?"

mm (41.58 in.) .at Pena Blanca, altitude 1,595 m (5,230. ft).
2T Fig. 5.7 shows the linear trend obtained when annual potent1a1
’ H:Lxevapotranspxrataon data are plotted versus altxtude.

'L;ﬁjﬁénanch altitude 2,651 m (8,691 ft), to 873 mm (34 38 1n.) at
fv{;,fPena Blanca, altxtude 1,595 m (5 230 ft). S

S0 - Mean annual surplus ranges from 0.5 mm (0. 02 in.) at Berna— RS
'flillo, altitude 1,539 m (5,045 ft), to 157 mn (6 20 in. ) at WOlf ,
Canyon, altitude 2,501 m (8,200 ££}. - o

=jdyuonthxébar1ataon During an Average Year--'ﬁ;* ) :
o Je 5.1 gives: the monthly percentage.of the annual total.“
L and cumulatlve percent of ‘mean monthly precxpztatlon for flve[.,

"tains “all- the thermal features of the Jemez area. It is. the. o

the map. area by the U.S. Weather Bureau. Of these, 28 have one -

',potentlal evapotranspiration data. LASL- installed a ‘weather -

fﬂﬂranges from 170 mm (6.73 in.) at San ¥sidro, altitude. 1, 700 m: -
(5,500 ft) to- 634 mm (24.94 in.) at Jemez Springs, altitude -

. (21.43 in.) at Lee Ranch, altitude 2,651 m (8,691 ft), t0. 1,056 ..

'Mean annual - deficit ranges from 93 mm (3.56 in.) at Lee g
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-~ IN THE JEMEZ AREA o

TABLE 5 1 CUMULATIVE PERC NT OF MEAN MONTHLY PRECIPITATION FOR STATIONS

%

o Lee Ranch
(8691 ) ;'

Cemez Springs
’ t6230') : ‘

Pena Blanca -

'(5230")

: seation

: ’:Bermﬁno '
(8045")

;monthly

“gan  Feb

« cumulative

mnthly -

_ cumulative

monthly

w emulatiyé

T wolt'cdhydn?‘ :
{8220') :

monthly ..

- é\mula_tive

Mar

‘_'A'pr

- May

June

Sduly

Aug

‘Sept

oct Nov'f{

L cumu:aciv:'f 4.0 12.0
4.9 ',5;4
"4;3~J10;3
iLQII 4.9
:4€9j::9-53T
59 4.0
59 9.9

6.8 7.7

6.8 148

in;7'

1 23.8

5.3

220

5,2
210
. :14,7.7
> :v;§.73
6.5
. «:29;4

7.3

31.1

6.7
28.7

278

4.6

24.3
6.2
35.6

“1.0
38,1
7.1
35.8.
4,9
32,4
7;4T
'3i;7v,
54

41,0

17.8
55,9
16.3

52,1

15.6
48,0

10,1 .

41.8

15.8

56.8

15.9.

n.s

17.4
69.5"
‘17

65.1
19.3

61.1
14.6°
71,4

13.2.
Ivgs.:
9.9
79.4
13.0

78.1

15.4
76,5

9.0
89.4

5.8 4.5
30.8 95.3

9.7 4.6 .

89.1 93,7

11,6 4.5 -

89,7 94.2

11.4 3.2
ev 9 wall
7 s 5,0

es,o 92,0

1€0.0

S

-99.8

99.8

9.0
1001
v.é;a =
99.8

4.7

5.6

99.8.

©.100.1°

"99.8

998
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1ocations (Table §.2). .

 stations in the Jemez area. The figures show a wwet" period of =
~July,. August and September over the area, followed closely by a °
. "dry" period in November, December and January. o

© 5.3.3  Stream Flow

" The Jemez River and its tributaries are gaining, effluent

",‘si:t’ea‘ms',' from the headwaters down to about the Jemez Pueblo

where the river begins to flow over the Tertiary-Quaternary

~wvalley fill. From about Zia Pueblo to its confluence with the .
' Rio Grande, the Jemez River is a losing stream. The Rio Salado,
-~ which drains the Sierra Nacimiento and the southwestern part of
" the Jemez River Basin, is an intermittent stream. o

" The USGS gages stream flow in- the Jemez River Basin at four

' Separation of the flow duration curves - for ‘the Rio (mada-

" lupe and the Jemez River near Jemez .into surface “runoff and

groundwater components (under the assumption that both distri- :

" butions are log normal) suggests that-the mean annual base flow

- 'Y

due to groundwater discharge is about 45 and 240 lps (1.6 and

©.8.4 cfs) or 0.08 and 0.19 lps/sq km (0.007 and 0.017 cfs/sq mi)
respectively; whereas the surface runoff is about 960 and 1,700
1ps (34 and 61 cfs) or 1.59 and 1.42 lps/sq km (0.145 and 0.130

cfs/sg mi) respectively.

"'5.3.4 Groundwater

‘Flow Systems-—- - .

Tocal, intermediate and regional flow systems can be iden-

i tified in the Jemez River Baxin. The local flow systems are
- recharged nearby and discharge the water to. springs and head-
"water streams such as ‘the San Antonio Creek and Rio Cebolla. -
‘Intermediate systems underflow these. local systems to discharge - -
to the Rio Guadalupe or the Jemez River. . Thus, we expect that

the volumeé of groundwater — discharging should increase down- -
stream. This expectation is supported by the observed increase -

-+~ in the  groundwatcr component estimated from the stream flow
" duration curves. The regional flow system involves the movement .- . .-
. of groundwater = from the recharge area within the Jemez River .
' Basin to the Rio GranZ:. ' That such underflow occurs is aiffi~
cult to prove systematically but it exists by inference. . The

Jemez River becomes influent near San Ysidro. =~ Titus "(1961)

- showed through water table contours that this water moves about
- _.due south toward the Rio Grande. . Clearly any part of the ground-
- water ‘underflow that had not discharged to. the Jemez River must

" also then move toward the Rio Grande. -

e 'Recharge-- L

Groundwater rech'arge }has not been qua-ntified.' but based on -

_ the apparent groundwater discharge estimated from the -stream

208 .
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' TABLE 5.2 STREAM GAGING STATION 1IN THE JEMEZ RIVER BASIN

. UL e T 1]‘;gGage‘ Diainagﬁf4eraié, ‘ - leschargé g
Station Posen oo o U alkitude Carea U of R ... Mean/area’

" Number

- 08-3215.00 - Jemez River below 6703 173 1949-1950  28.4 164

- -East Fork, near .. = Lo 19511957
) ngezvSpringg;f_ . ST . 1958=-

© 08-3230.00 - Rio Guadalupe at - 6016 ' 235 1958~ 363 s

. 'Box Canyon, near
. Jemez. . :

©08-3190.00  Jemez River near 5622 470  1936=1940 69,2 147

o Jemez <. - 1949-1950

: 1953?

. 08-3290.00  Jemez River below 5096 ~ 1083  1936-1937  54.8 .05l

- Jemez Canyon Dam T1943

_Name . ) (fe) _(miz)'f _recdrd " Mean (cfs).  (cfs/mi?)

o B TR
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. where:

- Discharge--

flow duration curves, we believe that the .average recharge upon’
. the area is larger than 0.2 1lps/sq km (0.02 cfs/sq mi). Assum-.
~ing 80% of the area above the gaging station on the Jemez River .
.~ near Jemez Springs is recharge area, more than €.4 mm/yr (0.25
~.in./yr) of the precipitation becomes recharge. - B

7’,Re¢hatge estimates can also be based on the'felatiopshipi

5"R3%‘Pj (P-i)/100

R = average annual recharge, =
P = average annual precipitation,
©j = a terrain constant, and SR AR : v
i = annual precipitation that must be exceeded for recharge .
- to occur. « o S :
" ‘Assuming j =70.5, i = 6, and this relationship, we see that

recharge can-:be expected to range from about 5 mm/year (0.2

in./year) at low altitudes to about 64 mm/year (2.5 in./year) at e

the highest altitudes. So we have still furcher reason for
believing that significant underflovw to the Rio Grande occurs.

Groundwater . discharge occurs to the atmosphere via evapo~.

- transpiration, to springs and streams, and as underflow to the
- Rio Grande. Discharge to wells within the basin serves for
_domestic and stock use and probably represents only a very small

part of the total gtbundwater‘ discharged from the basin.

. 5.3.5 Water Chemistry

. our knowledge'bffthe-chemicalEcharacteristiés"of’tﬁe water

‘of - the Jemez River. Basin derives from analyses of water from

- comparatively few sources, albeit some of these sources have

. been sampled many times. Detailed chemical analyses of thermal =

- and nonthermal groundwater as well as analyses of surface water
. can be found' in the following publications. . Summers (1976)

" compiled the available analyses of thermal water. - Kelly and

. anspach (1913), Clark (1929) and Renick (1931) presented a few

chemical analyses of water from nonthermal wells,'sp:ings'and,g"

streams.

. The LASL program has generated analyses from multiple

. sources (Purtymun, et al. 1974; Purtymun, et al. 1975; Purtymun, -
et al. 1976; and Pettitt, 1976).:  In addition to the LASL staff

investigation, the USGS has briefly studied the water chemistry

”foj of the "area (Trainer, 1974 and 1975, and Hiss, et al. 1975).

" Despite these efforts the data are insufficient to predict

'Qfﬁfhe chemical characteristics of. the groundwatey at any point in

210 -
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sodium and chloride.

the flow continuum. The data are sufficieht.to“permit‘somé‘ f,

‘generalizations about the chemical characteristics of the flow

- systems and the impact of the geothermal featutes on these
" systems. - T M IR T , <

S Groundwéter“”*ih'tﬁe{Jeméz River Basin' exhibits principal

'7,vi9n;cbncentrations that are typical of groundwater flow in. -
- silicate rocks. . Exceptions can be attributed to the concen-

trating effects of evapotranspiration in the discharge areas, to

‘the presence of carbonates in the flow continuum, to the mixing - :

of thermalwater ~ from depths, to the reduction of hydrogen-

. sulfide to sulfuric acid, and to exchange reactions brought on’
by locally higher,temperatures.' : - e

Groundwater ischarging ’fiom  local flow systems with -

';obViously= short flow paths (e.g., wells in ' recharge areas,

springs, and the base flow of streams in the headwater‘ggga) has

. the following characteristics:

1) low DS (less than 250 mg/1), "
T2) relatively large ratio of silica to TDS (more than
3;3)‘f:ca1cium_and bicarbonate ioﬁs‘as other‘prinéipai-con-

. stituents. : IR ‘

: AS'the lengthrdf'the flow-paths;increésés, the TDS ccnbén;'

_ tration increases, the ratio of silica to TDS decreases, and the
‘yatios of ¢alcium plus magne51umfto‘the’sum.o£ 111 cations and -

bicarbonate plus carbonate to the sum of all anions (expressed i

'1‘as'equivalents‘perﬂmillion) decreaseiwith,increasing_TDS.,z, R

1vFor:vefY“long fiow_paths in silicate rocks the TDS concen-
tration approaches that . of brines_and the'principal ions are

i)

Along'thé Rio salado fiobd'plain. grouhdwatefvdiéchérges byxf:

. evapotranspiration to ‘the atmosphere - soO the . groundwater sig- =
- nificantly increases in - dissolved solids. Gypsum and calcite
- precipitate, and are washed away during floods, so that the -
_ sodium and chloride ions build up; concentrations in excess of =
2,000 mg/l -of these ions are common. TD3 in the stream flow
~exceed 10,000 mg/i. . ey S B e

The chemical characteristics of the = groundwater: in the

“}¢Jemez~Rive; Basin above the 3iana1ado depart -from those ex-
‘pected in silicate rock terrain for several reasomns. of these .

‘perhaps the most-important is the mixing of a geothermal fluid

© ‘that - includes carbon dioxide “and hydrogen sulfide with the

circulating groundwater  (Trainer, 1975). At Sulphur Springs -

':.',the result is a low ‘Flow .- -:,.vac1d~(pH1.~2). spring. . Elsewhere
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warm and hot waters -generally tend to be relatively rich in.
-silica, sodium and potassium ions because cthese constituents are::
"more soluble at higher tremperatures. As a result thermal waters—
" contain these constitu:.. in greater proportion than nonthermal |
waters.. s I S g * E . o o
o " fn the upper Jemez River Basin the TDS of buth thermal and:
"cool" waters range upwards. from about 100 mg/l, and all the=
“thermal waters and some -of  the ¢cool waters contain silica,.
" sodium and potassium ions in- ancmalous concentrations. ' |
: . EE E = . . J 1

~... ~Some -analyses of ‘cool surface stream waters are presentedi
in—Table35.3.”'These'Streamfwater.analysesﬂwould be representa--
‘tive of cool groundwater “in this area since the streams are:
influent at low flow. Chemical analyses of some representative:-
“ thermal and cool  groundwaters are presented  in Table 5.5..
However, the water chemistry discussions here are based on the:

"much more extensive sample of water analyses included in- the:

v-‘references'mentionedjat‘the'beginningwof‘ghisvsection}- There—
~-fore, some of the.features~o:-charact¢ri5tics discussed may not

be 1llgstzated by.these-tepresentative-analyses;shown in ‘Tables:

" 5.3 and 5.4. R A

on the assumption that the water obtained from the granite
of Precambrian - age ~from the LASL .well GT-2 ‘represented the
. thermal groundwater flowing from the caldera, Trainer estimated

- .

that the water discharging from the=hot and warm springs con-
. sisted of a mixture of about one to two parts nonthermal grounc

-water to one part of deep thermal groundwater, whereas- the two
cool waters he examined showed ten to 60 parts nonthermal ground

" water to one part of deep thermal groundwater. . :

_ 1_The_shortage of detailed data plus thelnaturaijmixihg 9£
5 thermal  and nonthermal groundwater:- combine to. make predictions
.~ of the impact of geothermal development extremely difficult:

. 5.4 GEOTHERMAL DEVELOPMENT . I N
A Thfough I975.the'uhioh”0iljCompany'drilledulevheliévinfthe
" valles  Caldera, six of which produged.hotcwater‘Or steam witt

" temperatures reported to be as high as 260°C (500°F). . The wells
.. range in depth from 1,830 to:2,745fmé(6;000»to‘9,000 ft). . Stone

and Mizell (1977) state that Union would need to prove 30-year
© production capacity from their wells to attract a 55 MW electric
_ generating complex. However, Union 0il Company has not an:
nounced the total proven capacity of  the wvells, nor. has:  the
company released data on the craracter of the fluids. St
. The LASL hot dry rock experiment involves two holes, - eact
--3,050 m (10,000 ft) deep, that are separated at the surface by
- abont 76 m (250 ft). “Water under high pressure is utilized in-:

212
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 TABLE 5.3 ’:‘CHEMICAL ANALYSES OF . SURFACE WATERS 1IN THE UPPER JEMEZ
. RIVER BASIN (Reteit, 1976)
e Sulphur Creek Jemcz River vjAt: ‘. San An‘toni.ok Creck Rio Cuadalupe

R “‘gbove San Antonlo . - below © above - " nbove -~
tocation . MO Creek (F) Battleship Rock -(J) Sulphur Crcek (N) Jcmez River {Q)

, m;cmgo estimated (x/s) s 30

Date of Collaction (1975). © /30 12/8 - S/28 9/30 12/8. s;as 9/30 12/8|s/as o/30 12/8

Chen.ica! Analxsis (mg[;] ol o B : _ . ,
sivea (Si02) s s eess a2 s e 17 0. 27
Coletw (Ca)- . B TORE I 13 "'n‘iu’ o em owewn o oa 50

. mzncsi;l q‘n ; E‘ S s .’: ‘ .,“. ..2 . 2 i .4 g 2._. . ;s ;9 "6
Sodtun (&) B 15:- 18 S ws e 1517 m oM e

Carbomata (9 0 06 0 0 0 G 0 0 0 4 -8

.'.FBlurbomtc (nco; as t:acosj_'ff_zo) 1 38 62 60 s6 %6 51 68 156 163

" Sulfate. (S'O‘) R ) ’3‘ . v14f:.', 9.7 135 8.0 4.9 6.4 10 2.6 ¢ 7.2

4

‘Chloride (cx); SR U A B e . a 3 3 a4 4
CFlooride (M 0.2 02 0.3 o 7 08 0.5 L1 13 02 05 07
Mtrate (0 <0 <00 03O x [0 . 01 01 01 0.2 01 <01

 Tordl dissolved soltds 184 240 98 144 la4 . 136 194 148 152 182 176 |
Total hardness (as CacO3) . 88 96 48 46 A6, 4 68 42 68 140 148
‘Speciﬂe conductance (maholeu) 260 S40 340 165 180 150 190 170 140 330 340

., . . X L I . [ ) Lo
PH T . £0. 72 16 7.6 7.2 58,0 8.0 81 7.8 8.4 8.3

-remmun(‘c) $ o 6 8 1 & 8 0 6 13 &
. 340 450 . .. 90 110 - 140 230

o

v i
B s At i
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‘QA TABLE 5 4 CHEMICAL ANALYSES OF: THERMAL WATERS IN .
> S THE UPPER JEMEZ RIVER BASIN (Pettlt 1976)

San Antonio - San-Antonio . " R
e e T ~1Whrm_Spr1ngs Hot Springs, -  Spence Spning o McCauley_Spring :
© Location . .. . o _(RV-1) _(RV-2) 0 (RV=4) . (RV=5) )
" pate of Collection (1975) *,{'th'ugllszg”J' "Lnglig*l'-'"‘~gigng ;ggigf_" fgigi_} ;‘figigfk
| Gheatcal analysis (ag/L): O N D e TR
7 stltea (s10) ;;;_}f;ﬁ_*»,Lf?§7 o 83 65 - 68 :
. Ccaleium (Ca) | jf e e 1 110 10
: ,'fMagnesium (Hg) _-: L o f»glixiv BRI L S S ”»A‘_\i},‘f' 2 e s | » . b o
" _j.s'Sodium (Na) b 27 o ‘ ' 22‘;3; B ] ' ‘l.;g . ,‘ : 19 L 20.A ) R el PR
- ff'Carbonace (coa) Tﬂf'*~;A5ffﬁ*ffoﬁ_]L]ﬁ;",f'_“:b”"f'f 0o o . 0 L e iy
<. Bicarbonate (HCO3 as CaCOy) 58 s 120 128 . 6 . T4
Sulfate (s0,) - 100 . U700 15 18 o35 iS00
Chloride (C1) . . .- 6 5 14 .. 8 10 &
 Fluoridé () . .on3 09 0.6 0.7 o8 L0
D Mtrate (W) . 08 03 <01 01 03 <01
' Total dissolved solids 244 . 166 . 202 ¢ 258 154 148
'"Total hardness (as CaCO3) ‘?‘“*:7 ffﬁ;vﬁ‘.« S [T 26 ‘28 , W 'ffaaA
Specific ¢onductance (umhos/cm) *1?°-f;~' : 195 '-;‘ 290 ‘ 280 f~' 170 - 170
pH- s tuRmge 705 8.0 83 7.9 - 8.0
Temperature (*C) -~ 38 4l . 4L 4 . 32 30

R om it A s s

S

;fytz';"

b Collected R. L. Borton, SEO, flow 0.6 t/s.
‘e Collected R. L. Borton, SEQ, flow 1 O 2/8.
d Callected R. L. Borton, sso.} i
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5 local flow systems. .= .- .1

granite (otherwise, it has  a very low hydraulic conductivity).

. The fractures serve two purposes:

' 1) ‘thgyf ptovide : com1huni¢ation ‘between the wells, and

2y _,,_thé"y,'expose' a iarge.heat—exchanée'éurfa’ce of rock with

f-‘.'proce_ss ‘known as hydréuliq fracturing to creat;é cracks in hot

“a temperature of 204°C (400°F). 'In a 20-hour exper-.

: . iment in early June 1977 cold water was pumped down . '

- "one hole at 60 to 70 bars (900 to 1,000 psi). It

v circulated through the crack system, was heated, cand e
-+ flowed "into the second hole. Water ‘diecharged from
. -the ‘second hole at temperatures of 129°C (265°F).

‘Thus for the Jemez area the impact of two distinctly dif-

- .ferent efforts must be assayed. Information about the con- - .
- wventional field is remarkably sparse. LASL, on the other hand, -
. has made' extensive studies and has. gathered extensive data for .

" “the purpose of appraising environmental impacts. g S

' '.ﬁng - S.B'If’i"s‘ a "simplifi.ed cross ,sei:tibn ,thtdugh the caldera

“that shows the relationship of the salient features of the area. .. ...
. We have inferred the water table, but its shape must be essen-.
‘tially as shown or the streams at higher altitudes would not be

gaining streams. The shape of the water table near the Rio

. Grande derives from a map by Purtymun and Johansen (1974).

e '

The flow of groundwater -in the Jemez River Basin (as well

as the groundwater flow in the Puerco Basin and the Rio Grande

 'Basin generally) is southerly (i.e., normal. to the plane -of the’
| 'section in Fig. 5.8). Thus a comparison of this section of the
map with the geologic map (Fig. 5.4) and the location of thermal : .
. features (Fig. 5.3) suggests that -the thermal fluids are all -
" . derived from the Valles Caldera. The high heat flow on the west

is not so much due to more heat on the west side, but to the

probably due in part to the sweep of the groundwater  flow

= facing ,‘onlyf__ at windows in the local flow systems.

' greater thickness of groundwater —bearing rocks on the east, so-
.. that the heat is swept away by the large influx of groundwater. ==
. 'The lack of heat indication on the noérth edge of the caldera is . °

system that carries the heat via mass transfer from north to f
Coosouth. oot i o o e
S Fo_fi,"‘, the most part ‘the -"di'vschargix'ig” heat is carried in water s

that underflows the local and intermediate flow systems, sur-

' ~ The méaerétely' warm springs near the confluence of the Rio
Salado and the Jemez River may. indeed be the discharge region

for the intermediate flow that. underflows the _Rio Guq;i_alupe

s
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'5 5  WATER POLLUTION POTENTIAL

5. 5 l Caldera Area‘

Only two partlal analyses of water from test wells in thef_

“caldera are available. - These analyses are ‘of the steam con~
- densates from one.of the early test wells drilled neatr Sulphur
Springs.  These analyses both show 24 mg/l fluoride but rela-
'tlvely low dlssolved sollds (2, 970 and 1, 700 mg/l) o

The water of the hot sprlngs in the Jemez area generallyr

' ‘contains more than 2 mg/l fluoride and more.than 4 mg/1 borou.u;
"~ Spectrographic analyses of -the water from Soda Dam Hot Springs
and Jemez Spring indicate arsenic concentrations ranging from .
0.3 to 13 mg/1. We conclude, therefore, that fluoride, boron
© and arsenic concentrations in the effluent from the steam wells -

are llkely to be potent1a1 pollutants in thls area. - :

he TDS concentratlon of the thermal waters of the Jemez

3'area are almost- all less thau 10 000 mg/l and generally less :

than than 4,000 mg/l.;

Throughout the area hydrogen sulflde .and carbon ledee- 

. discharge with the ‘thermal waters.. The hydrogen sulfide could - .

S.. oxidize to: sulfurlc acid and pose a gas and llquld emission
c»problem. D , A

_.S 2 Hot Dry Rock Experlment

: Presumably, the native water 1n the oranlte wlll be 51m11ar¥:
“to the water in the caldera, but since the program calls for the . -
- -circulation of "cool" water from the surface through the frac-

. tured rocks, the native water should not pose a problem. ' How-
ever, ‘the circulating water should react w1th the hot rock and.

zlncrease 1ts TDS content.:. i
Accordxng to Pettltt (1976),

"The mlneral comp051taon of the grarlte

‘_comprlslng ‘the dowhhole reservoir - contains

. mostly irom,. -potassium, sodium, calcium and

' magnesium as: hydrated oxides of aluminum and:

- silica, ~ pure quartz, -and some-: carbonates.ﬂ.-
L "Dlssolved material brought to the surface will
‘i resemble the products of the natural weatherlng
_,_’of granite; and should not be obJectlonable. An
a~1mportant part of the program is directed ‘toward
“,controlllng the dissolution and repre01p1tat10n
- of -such minerals. Present estimates indicate a.
.. total ‘dissolved solids content of less than 500 .
o ppm for fluids circulating. in a 200°C (392°F)

© .7 ‘reservoir with dlssolved 5111ca (510 ) as the% :

. major component" v g
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5.6 SLISMICITY N s

_program are discussed below.

. {1976):

~

Hlstorlc selsmz.cz.ty ‘and seismic. rlsk along ‘the R:Lo Grande'”

Rift and: in ‘the Jemez Valles ' Caldera regz.on in general are
--discussed - 'in . Geononics: (in press) LASL seismologists have -
--studied the seismic characterlstlcs of the Fenton Hill site (and :-

hence of the surrounding area) since 1973 and results from thls

i
",

Fig. 5.9 shows the locat:.ons of m1croearthquake eplcen..ersv
in north-central. New Mexico, September -1973 through December

'1975. This map shows a lower rate of occurrence of microearth-

quakes. around the ,Fenton _H:Lll slte., Accordnxg to  Pettitt

_ “An est;mate of selsmlc nsk from natural' ,
" events can be made from the microearthquake .

. recording carried out since September - 1973. "
. -Because of the  moderate levels and: sporadlc
“‘nature of earthquake activity in New Mexico, one
must. exercise '~ caution in extrapolating the

results to too small an area or too long a time .

interval. Fig. [5.10) shows a plot of cumula=’
“tive number versus magnitude for all earthquakes .
detected since September 1, 1973 within 225 km -
(140 mi) of Los Alamos (an 1nc1uded area .of =

©°160,000 sq km [61,500 sq mi]). An extrapolation =
-of these data us:mg the f1tt1ng b = 0.77 slope

. .projects the maximum probable - earthquake for: .
" this ‘area per century to be a magnitude 6.6 -
~event. Because the slopes of such curves may be

- biased by observational -selection . effects,

- giving .rise to incomplete coverage of the smal- . .
. lexr events, some 1nvest1gators prefer to impose -

_.;.n_,the slope constraint of b ="1.0 on the-data.

,’_When this is done, the. present: selsmmxty rates

!.correspond to a maximum probable earthquake per

- century with a ‘local magnitude of 5.6, in close =~ - -
. agreement with similar instrumental studies of

“other parts of the state. The 5.6 local magni-

“tude ‘projection is, however, 'somewhat smaller T

than projections (~6.0) made on the ‘basis of -
. _v‘hlstoncal damage reports. . .

: Although consxderable‘ caixtlon must be .
~. exercised when making- long—term projections for -
" ~areas much smaller than that considered above, s
' the ‘obszrved distribution of seismicity in ‘the
- Jemez region indicates that local magnitude >1 - =
earthquakes are  almost completely absent from .- -
the  central part of the Jemez Mountains. The = . =
explanation of ‘this phenomenon is probably the

o8
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same as. that proposed for a smular 51tuat10n in
~ the -Yellowstone -Caldera . complew that strain -
~ energy at shallow depths is being relieved by
- creep rather than by brittle failures. . This
'glnterpretatl 31 is supported by data on tectonic’
“and geologic ‘structure, historical earthquake
" ..records, and other geophysical evidence includ-
- '1ing gravity, aeromagnetlc, and hlgh heat. flow
o data "oy : :

The on-s:.te selsmographs have operated throughout LASL'

- ‘,hydraullc fracturlng experlment ~and according to Pettitt
- (1976), no surface seismic activity associated with the frac-'r.
- turing experiment has been detected by the equipment, but anal-"
- ;ys1s of downhole signals associated with the hydraulic frac-
~ " turing shows that these nanoearthquakes have magnitudes of -6 to -
“=3. More than two~years of monitoring mlcroearthquakes by .-
‘YLASL seismologists has led them to the conclusion that the, (
- Nacimiento Fault System is a seat of contlnulng but - moderate =

act1v1ty. Rt

'};5 7 SUBSIDENCE

We can only speculate about the sub51dence potentlal in the"

»Jexnez area. At the hot dry rock site the rocks have sufficient
.- strength to preclude subsidence. - Within the caldera, however,
" sedimentary fill may compact if tho pressure head is reduced.
Presently no data are available to the public which would allow' -
_-estlmates of the magnltude of thls potentlal problem.

- The subsurface env:.romnental 1mpact o£ geothermal devel

. opment in the Jemez area w111 be restricted to ‘the effects of
- effluent disposal. - One well in the caldera system was drilled
.as a reinjection well (Summers, 1976). If the waste effluentp' g
" from field development is  indeed injected into the well, the '
-+, impact of the effluent will be negllglble except when the pro- |
R duc:ng wells are free flowed during their drllllng and produc- - -
-2 tion. - The effect of the discharge will devend in’ large part on -

" - the state of the Jemez River Basin at the time of discharge. If.
.~ the basin dlscharges flood water from .spring runoff or summer -
.. storms, the concentration of offensive components in the dis-

-~ charging effluent would not be detectable. However, at low base
. flow the concentratmns of arsenic, boron and fluoride- in the
--effluent could raise the concentrations in the Jeméz River. to
' Llevels that exceed present state and federal standards. - :
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APPENDIX A

ABBREVIATIONS AND CHEMICAL SYMBOLS

"ABBREVIATioNs

' acre-ft , --acre-feet N
APCD .. ==Air Pollution Control District -
“ARB .. sesCalifornia Air Recources Board o

S atm- - ... -=-atmosphere - S
“.#. BTYW . . -=British Thermal Unlt
e i L o -edegrees Celcius
cal . -=calorie

~.Cal. Tech'j : '-~Ca11forn1a Instltute of Technology

"cfs . - ==cubic feet per second

coem. ©. . ==centimeter

Leu. . T ==cubic
: d R . -_day :

" ERDA - . ==U,S. Eﬁergy Resealch and DeveIOpmentg

..o o7 .. -Administration
‘EPA .. .U.S. Environmental Protectlon Agency
- emp «',%.a.':--equlvalence per million
" EPRI - .. =-Electric Power Research Institute -
C°F - =-degrees Fahrenheit a
ft o eefeet '

g L ’*f--acceleratlon of grav\ty
A ot =-gallons per day
-gpm . . .. —==gallons per mlnute

~ha . . e=hectare . . .

. ha=m .. . =-bectare-meter .

S HFU o 0 o ==heat flow unlt

che o ‘,f;ﬂ--hour
odne s e o ==inch , _

e _'jr‘,‘ﬂf‘f}\--Joule §

CJTU . .==Jackson turbldlty unlt L :

KGRA = . . .=-Known Geothermal Resource Area

SR ;’_U’---kllogram ,

CKH . Y. e=transmissivity o
T km71[7“fvfg-* ~-kilometer g
R ;;--kllowatt : \

RW.hr .0 if=<kilowatt-hour = " S
o LASL . Sl .==Los Alamos 5c1ent1£ic Laboratory ol
ool e L ==liter S L v ‘

b =<pound

gt i R 4 e . : TR U PN P R o
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PRSI AR SPPEINI = SRS
v e

i s T
e st e g e oA . 5

1pd
~o~lpm o
- 1ps

lsd

>Z'2>m =

M

~md
. md-ft
Chemgo
o omg/1

mgal"
oo

© o msl
Coomv
.

MWe

. NCPA -

NCER

"NIDWR -
. ohmfm S
';OITl~"

0z '

'-:PG&E

o pSi
.pS].a

psig’
SDG&E
sec

£q

cqps
USBR .
-~ USDA
. USGS
_USPHS
. U.C.R.
.. pmho/cm

e

Ac'f-F

e Al_flﬁl

'g'-~m1111gram per llter
Je==milligal R S RN
‘=~millimeter -~ .. - - RIS s

' J==mean ‘sea.level:- N : s '
"w=millivolt

. ==parts per million
- --pounds per square inch '

.. ==pounds per square inch absolute
. ==pounds per square inch gage

- ==San Diego Gas and Electrlp"
- ==second o '

o =eggquare - :

. ==-total dlssolved sollds

' ABBQEVIATIONS (ccntlnued)

'--11ter‘per day
‘==liter per minute

s ==liter per -second
“==}and-surface datum

--meter

 =-Richter ﬁagnltude R
'=wModified Mercalli 1nte151ty

-<millidarcy

~f--m1111darcy-feet‘.

~emilligram

IR

--megawatt
=-megawatt (electr1c1ty)

“ --Northern California Power Admtnlstratlon
- ==National Center for Earthquake Research g
" ==National: Interlm Drlnklng Water Regulatlons

—-ohm-meter : .
-=0regon Instltute of Technology o
==Qunce : '

—-plcocurle per 11ter

--Pacific Gas and Electrlc Company

Fok

--University of California, . Be;keley

. ==U. S. Bureau of Reclamation ' . . T ..
“"==U. 'S. Department of Agriculture I
o w8 Geologlcal survey , , T
" ==U.S. Public Health Service s o
-_--Unlversxty of Callforn:a, Rlver51de :

~--micro mho per centlmeter

- m=density

--spec1flc capac1tance‘

- CHEMICAL SYMBOLS

hetinim  cd o --cagmiwm

 l=‘--A1um1num o :”fjfkca"j% f‘._ ;'>?_¢a1cium
;_.--Amer1c1um FEEE I o JURE s

--Californium

t.'zz$“; :f,,.
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e

b

$bo

-As
At

. Bk
. Be

-~ Bi

B

Br

” Er

Eu
Fm

R

- Fr

. 6d

Ge

‘Au
Hf

- 'Bo
H

1
Ir

'Fe

- Kr
- La
o Lx
Pb
S Ld
L

~o Mg

Mn
Md

Kb

B .Ba Telln

He .

In

~ Hg
WMo
S old
“Ne
',ng SN
N1

o
No
08

. aﬂ?*m’}?"\"“'ﬁ“}"f"!Ta-:‘:‘s'mp;vrmmmeyi_éhw,-‘-«...{.‘..,, L e

~~=Antimony

==Argon

- «=Arsenic

=--Astatine
--Barium

 =-Berkelium

~-Beryllium
--Bismuth
==Boron -
--Bromine . -

~=Erbium- . -
- =«Europium -

-~-Fermium -
_==Fluorine

~“==Francium .

-=Gadolinium

--Gallium
--Germanium

’ --Gold

~-=Hafnium -
~-~Helium
~-Holmium

. =-Hydrogen
==Indium
., ==Iodire
e=Iridium
re=Iron .
_==~Krypton

==Lanthanum -

-~Niobium

. (COlumblum)
: 3--N1troge1
. e=<Nobelium.

- '==Dsminm

' CHEMICAL SYMBOLS (continued)

. ==Lawrencinm
L =-=Lead -
‘ ,~-L1th1um,
.;”.--Lutetlum
- ==Magnesium
- ==Manganese’
- ==-Mendeleviun *
- ==Mercusy
g-~M01ybdenum
’*-~heodym1um
. ==Naon S
. =~Neptunium - -
. ==Nickel
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“==Carbecn

--Cerium

. ==Cesium’

~=Chlorine -

- ==Chromium

<~=Cobelt

-=-Copper .
. ==Curium -
-=Dysprosium -
. =-Einsteinium .
'--—Phosphorﬂsj.'

-=Platinum

~.«=Pluftonium

-=Polonium

-~Potassium

--Praese--
odymium

--Promethium

~-Protac-
tinium -
--~Radium

- =-Radon
==Rhenium

--Rhodium’

--Rubidium

~=Ruthenium |

==Samarium

==Scandium

“==Selenium
~-=-Silicon

-=Silver -

- ==Sodium
. ==Strontium
w=Sulfur.
»*e—Tantalumri~-‘
-~=Technitium .
~-Tellurium
‘==Terbium .
. ==Thallium. -
o ==Thorium
==Tin .- - O
S ==Titanium . -
~=«+Tungsten

-=Uranium
~~Vanadium

. =-Xenon -
: ~--Ytterb1um
- --Yttrlum '




,CHEMICAL SYMBOLS (contlnued)

o ' --Oxygen ;gid,th
S - S ,--Palladlum o2
ﬁgg;:; }.’ S —-Ammonia-
NH, = ,ff'f-Ammonlum
©mcoyT ﬁ‘--Blcarbonate
‘Ygngg K 7.  ‘--Boric Acid >
"CaCO$.: e ﬂ-écalcium Ccarbonate
- Coszlf~1gbu_*‘--carbon D1ox1dek 
 C0j'. ':"'[7t;--Carbon uonoxlde e
"C035?' . ;:’ i--Carbonate |
\’CZH;T'?G;}i v:if--Ethane'

'f--Hydrogen .

£ ‘fj--Hydrogen Fluorlde
“HaS "'thf'  ==Hydrogen Sulflde
‘CHq :gfiﬂjQ;if»--Methane v

NOz ™~ i{:"fv;ii--Nltratev.

* _§9§§ ]f  f 3f11--N1tr1te

i Nz = | : g"‘i_ﬁ--Na.trogen
05 ,n:fv'  f:'Qfery9en o
i,P04‘§Q!?f~x flL-:Phospha£é
. ;33204  ‘ﬂ;;g;3}-~(0rtho) Phosphorxc Acld
siégf 3;1;f*;f'-—s1l1ca DlOdeE; s
‘Na€l --Sodium c:hlonde
so,r o --sulfate

. SOz ﬁif f ' :J*-su1£ur DlOdee i

221

' --Zlnc
'--erconlum
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APPENDIX B

EXPLANATION FOR DESCRIPTION OF WELLS TABLES

'Mag Number.: Number on maps 1n thxs report.

State Number-< The wells are 1dent1f1ed according to thexr
Jocation in the rectangular system for the subdivision of
. public land. - The identification’ consists of the township

- number, north or south; the range number, east or west; and

. the ‘'section number. The section -is further subdxv;ded into

~:jsixteen 40-acre tracts lettered: ‘consecutively. (exceptrng ‘
I and 0), begrnnxng with A in the northeast .corner of the"
gection and progressing in a Slﬂ“SOldal manner to R in: “the
~gsoutheast corner. Wells: thhxn the . 40-acre tract are -

numbered sequentrally. o

ﬂ;Owner or Name: ‘The apparent owner or user._'In some cases,_the[ .

'localrname of the well is given._-

vanershig

Federal Government Lo ey o :
Corporation or company, churches, lodges and other non-.-
~profit, nongovernment groups ,

,Private‘-ﬂ :

. State agency

- Water, drstrlct

zmﬁlzm

,Becreation
Unused -~
Vothg: v

"G Seothermal
' H Domestic -
N Industrial, 1nc1uding m1n1ng

ead}d< =

" _Test hole

;'Unused or abandoned
wWithdraw water

_.Destroyeo

H Heat rnservoir
O Observatzon -
P 0il or gas

R Recharge

‘ész‘c;'ra_r, :

s Drameter- Insxde dlameter of the well, in inches'~nom1na1

1nside diameter in inches, of the innermost casxng at the'
surface for drilled cased wells.::nr

" Depth, in feet below 1and—surface datum, of

ff:Deegest De hs
= ri hole.. {

Length of casing, in feet below land—surface datum
or to the top of the- perforated or screened Lnterval.5
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e Rt A

=>gl«].'?q‘ f DAL Depth of Well- Depth, in feet below 1and—surface datum, is =
T ey o — defined as the bottom of the perforated or screened 1nter- ,
S T e S , j s val or the drxlled depth._,»‘ ‘

: *Altltude of lsd. “Altitude of land-surface datum, in feet, above
R ~or below (-) mean sea level. Land-surface datum is an
-j,farbitrary plane closely approximating land surface at the
time of the first measurement and used as the. plane of .
-reference for all subsequent measurements.

o

‘Water Level: Depth to water, xn feet, above (+) or below land—

e . “surface datum: : . :

B TR SR 2 Flows, headvunknown =
S e ‘D Dry

. " pate Measuredg Month and year of the water 1PVel measurement.

b
~h€717;fi; ' .']*.;_'j' nYieid of”Wellf In gallons per mlnute.b
|

i g i

o e R eon o

3 '—r‘-)\-w:mzm‘»pm-mw" g
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| U.S. CUSTOMARY

inch (in)

odneh
“ foot (ft)
yard. (yd)

mile (1)

~ square foot (sq ft)' I
square yard (sq yd),‘:.
. acre IR
acre o "
’squate mile (sq mi)ua

gallon

- acre-foot’ (acre-ft)_fffi

f\acre-foot/ac*e L
‘cublc feet (cu ft)

;_cubic mile (cu mi‘k .

'APPENDIX C

© U.S.-METRIC CONVERSION TABLE

U y.S. EQUIVALENT
:fi‘;Length
0.083 fr

- 0.083 ft

: 0_33 yd, 12 1n

3 fr, 36 in.

. 5,280 fr, 1,760 yd

- "Area .

146 1.

1,294 sq in, 9 sq ft { _
© 43,560 sq ft, 4,840 sq ydfﬁ.
~  &3,560 sq ft, 4, 840 sq yd_

640 acrea

:Voiuhé'w

4 qdarts”

' 325,850.28 gallons -

i;iffiow Rate' ‘

.7gallons per second};'>*"
."jvrgallons per mlmﬂ:e (gpm)
B gallons per day (gpd)

':gallons per minutelfoot .

(gpm/ £t)

::gallons per day/ft

(gpd/£E) :

' 18.2 gpdfsq fr @ 60° F
fppounds per hour o
cu ft per: sec Ccfs)

*;‘230

' 4.1655 cu km

25 % millimeters (mm)

©2.54 centimeters(cm)

. 0.3048 wmeter (m)
. 0,9144 m

1. 609 ki‘ometer (km)

0. 0929 sq.- i

0. 836 sq m

4,047 sq m

0. 4046 hectare (ha)
T 2,59 89 km

'3.785 liters (1)

~v0 212335 hectare=

meter’ (ha-m)-.

© 0.3048 ha-m
'_0 02832cubic rweter

(cu m)

- 3.785 liters.per  '”

- second (1ps) _
'.;.3.785»11ters per . -

- minute {1pm)

3.785 liters per
day (1pd)

2. &18 lpm/m

12 618 lydlm
9 66 x 10 “ cm/sec @ 20

1:262 x 107 kg/sec
28.32 1ps - o
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e APPENDIX C.fl(cont{nued)

~U.S. EQUIVALENT

| METRIC EQUIVALENT

© U.S. CUSTOMARY

'1.12°F/mi'~flv

1°F/mi -

‘pounds per squafelin;h (péi}"
“pounds  per square inch {psi)

British Thermal Unit (BTU)

CUBTU/AL
“ounce ool

pound:.

ton

Miscellaneous

efs(ocy + 32

1°C/km . AT

10.8939°C/km -

(°F - 32)(5/9) .

0.7031 g/sq cm

0.0689 bar.

771,055 joules (J).

2,325.84 J/kg

- 28.35.8 .
. 0.4536 kg

0.907 metric ton

-Q¢i23tjl};ﬂ;y;



','."".APPENDIX D :
- alluvium: ~'Aiv'§ela‘ti'\'ré15(' unconsolidated detrital ‘material (clay,

. silt, sand, gravel) deposited in’ comparatively recent geo-
, logic,t;ime__by;flc)wiﬁg water. CE R

.aguiclude: Relatively impermeable strata that absorbs water = .
_slowly and functions as a boundary of an aquifer.. It does
‘not transmit groundwater quickly enough to ‘supply a well = .
~or spring. - €lay or “shale beds and faults often act as -
" aquicludes. - .. o e T ~

" aquifer: A body of rock ‘or sediment that contains sufficient
 saturated permeable materials to conduct groundwater and. .
© . yield significant ~quantities of groundwater to wells and

fprings. . c . .o o 4 el

*x

-~ .

Jj.aqi.\it':ai"d: _ Confining strata that retards the flow of water,but
Sl ,dqgs.';notvpr,event-,flo_w‘_: to or from_an adjacent aquifer. =

. artesian water: Groundwater confined under hydrostatic pres= . -
'sure. = Water in an artesian well rises above " the ‘level of -
“the water table under artesian pressure,  but. does not’
. necessarily reach the land surface, The term is sometimes
. restricted to mean only a flowing artesian well. B

 Bouguer anomaly: A gravity value c‘alctila_t:ed”by allowing ‘fbx_:"‘,' the

: attraction effect of topography: but not for that of iso-:
~.static compensation. - ©- - o e L o
" brine: A solution cbnﬁéinihé .',x'hb)'."ek»;‘:thanf'_?»_.'s%v ;tofal dissolved -
.. —solids (35,000 mg/1). This is the ‘approximate TDS of sea
. caprock (gecthermal i';":_'"yrﬁv-‘;fb'eklatiVely impermeable rock layer: over- -
s lying a  hot water or steam reservoir which prevents the -
heat or fluid from directly migrating or dissipating upward .-

. to the surface. = . .

- ,"_',”’"l‘clévst:' A rock._fra_qﬁx’ent“ produced h)" meﬁcha.ni'cal"'weath'e:invg‘ (dis-
: L ‘:fmteg‘ratvion)'_gﬁa’largglr:brot:k;m_ass,' B R SN
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_‘conductive heat ‘flow: Heat transfer from a higﬁgf ‘temperature.
© .. to-a lower temperature region by molecular impact (vibra- .
- . tion) without transfer of matter itself. = =

-~ convective heat flow: Mass transfer of. heat due to tempera-
.~ water in a convecting geothermal reservoir.

¢ connate water: - water tt&ppéd,."at' the time of deposition, in the
G .. interstices of a2 sedimentary or extrusive igneous rock. .

‘ 77" of equal value for. a parameter which is variable, e.g.,.

3 R topographic ‘elevation, groundwater level, or temperature. -
“craton: A part of ’the“"eatrth"s crust which has attained stabil-

‘ ~ity, and which has been little deformed for a prolonged

s period. LT » | _ _

. deuterium: 'rhevr-hyd'roéze:_ﬁ ‘isotope that occurs ' 1nwater and has
~ twice ‘the mass of ,ordinary hydrogen.. It is'“also called

.- heavy hydrogen and 1t;sff¢h9mica1 symbol is wpY, / ‘

diktytaxitic: , :
‘ ‘Pacific northwest, character

e " reguiar vesicles bounded by crystals.

- that flows out of -a lake or larger stream, b) & liguid
.. discharged as waste. = . . . AR RRE R

E o _,elect‘rical".resistiVity survey: - A geophysical exploration tech-. g
.t . nique where electric current is artificially introduced
g e into the ground and the distribution of current below the -
Lo T e e e . “mined by plotting apparent resistivity versus electrode .

RN SRSUT S TS L GRS separation. . oot ine el e

":‘zfiédt‘:rophication:"-'E’Thé'ﬂa:.fti'fic‘i:a:i' or natural enrichment of a lake

o - aquatic plants. . . o
2§ .7 fault: A surface or zone of rock fracture along which there has
; . - been displacement, from a few centimenters to hiundreds of
- kilometers in scale. Faults are classified -according to
‘. ‘the relative motion of the yock on each side of the frac- -
" ture zone, or fault plare. These classifications- are

" illustrated below in the diagrams of fault types.

N B T SN R

.
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‘ture-caused density gradients, e.g., circulation of hot . . -

fcdntour.lixie:"»-:h line that passes through all consécutive points

Rock texture of some ’_f‘olivviine basalts in. the
zed by numerous jagged, Araso o

" effluent: Flowing forth or out, emanating: .a) a surface stream = -

_‘surfece is measured by electrodes separated by increasing g
increments.  Dépths to geologic interfaces. may be deter=: -

by an influx of nutrients required for. the growth of .
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‘ilfan_ltv'.‘ scarp: A fairly steep slope or cliff formed directly by

T ams

o ‘geothermal gradient _(temperature gradient): The tate of in-

NORKAL - 0 S EVERSE L STRIKE -SUs - ROTATIONALL. T ypawsromm

‘movement “along one side of a fault and representing - the
.. -exposed. surface of the fault plane. before lgddificationw by

erosion and weathering. - T

£uinax_:o_1_&f “A volcanic vent from  which gases ‘and vapors are

emitted; it is characteristic of a late ‘stage of volcanic

activity. =

"“:&;aa: ’

- the classification, description, origin, &rd develcpment of

geomorpholdg’y:" The science of 1;he" éérth’s sarface; specifically |

present land forms and their relationships to underlying f"

' structures. -

' geosyncline (variety eugeo’syncline,“ miogeosyncline): Often an -
.~ elongate crustal. depression or basin, often subsiding, .
" where thousands of meters of sediment accumulate, usually

~‘in some ,ph-asef of a marine enviromment.

. crease of temperature in the earth with depth. The averag

_gra‘dient_ is approximately 1°C per 30 m (Z°F per 100 ft). '

‘ erfhérm-al. w_atété “Stfic':tly_.;de'f:ihed, any spring, [éround]' or

well water whose average temperature -is noticeably above

- the mean annual temperature of the air at the same. locality -
- may be classed as thermal. Among European springs that are
“'developed commercially, - oply those whose: ‘temperature .is . |
higher than about 20°C (68°F) are classed as thermal. ~in
the United States, only those springs are called thermal

" whose temperature is at least 8°C (15°F) above the mean

. annual ' temperature of the air at their localities. ' In
. areas where the mean annual air temperature 1s. low, some:

- 'gprings that do not freeze in winter because of natural

. - protective conditions are considered to be thermal; in
. tropical areas some springs that are only a few degrees .
' warmer than the temperature of the air may be. considered -
° . thermal." (Thermal Springs of the United States and Other -
. Countries of the World--a Summary, G..A. Waring, USGS Prof. . |
- paper 492,71965). The definition used.for Imperial Valley .
' geothermal water is, somewhat different--see section 2.3.
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,zgeothermometry (geologlc thermometry) : 1) The science of the .

earth's heat; 2) a mineral or mineral assemblage whose:
. characteristics are fixed within known thermal limits thus.
allowing conclusjons about temperatures ‘during process of -
- formation; e.g., sodium, . potassium and calcium concen=:
. trations in natural:waters may be used to predict the last
temperature o‘ water—rock equlllbratlon. ,

' graben~~ A crustal block that is bounded by faults on 1ts long
: sides, the block belng downdropped in relatlon to the
surroundlng land.

5 ey

groundwaterx Subsurface water, espec1a11y that contalned in- a"w‘
saturated zone, .or strata, 1nclud1ng underground streams..,-f*‘

"~fhorst‘ A crustal block that is bounded by faults on its long

.sides, the block belng upllfted 1n relatlon to the sur-'**

~round1ng landf

o hydraullc gradlent-” In an-. aqulfer, the rate of change of pres-

' sure head (height of a column of water that- the pressdre

can support) per unit of dlstance of flow at a given polnt

_ and in a glven d1rect10n. It is usually expressed in
o meters per kilometer or feet: per mlle.

. hydrologlc budget (varxety water budget) "An accounting of the

1nflow to, outflow from, and storage in, a hydrologic unlt,,.f

. e.g., drainage basin, aquifer, or reservoir; the relation- "

}sh1p between evaporatlon, prec1p1tat1on,-runoff, and change
- in water” storage, is 1mp11ed. .

i_;hydrology.é ‘The - sc1ence that deals with® a11 propertles of water
o (llquld and solld) on, ‘under and above the earth's surface."

‘,'hydrothermal. Pertalnlng to heated water (or aqueous solutlon)
s or products: resultlng from heated water, 1. e.,_alteratlon

' of rocks or uunerals by reaction’ of hydrothenmal waterr;nji

Vt 1gneous rock~~ A rock that solld1f1ed from molten or partly

"molten material, i.e., from a magma. “Intrusive (plutonic) - <gf
- - usually having visible crystal components,~and formed deepv,,"'

‘under . the earth's surface, e. g.., granlte, diorite, .qabbro, . -

'fperidotlte.! Extrusive - (volcanic) = an _igneous rock thatrtf”

‘solidified on or near the surface,. g., rhyollte. andes-rffl

:v,lte, basalt- (lava flows).

'k 1nflow- The act or process of flowlng in, e. q., the flow o£'5

v water 1nto a dralnage basxn.

'f.1n11er.' An -aréa or group of rocks surrounded by outcrops ofi

younger rocks.-v




1ntens1ty (of an earthquake) ' A subjectwe measurement ratxng

. the .severity of ground motion at a specific site during an-.

- earthquake. The Modified Mercalli scale uses Roman num-~—
~ “erals ‘from 1 to XII, to describe .the motion. that was felt: -
2= and the damage to man-pade structures.’ Intensity at a..

" ‘point depends not only upon. the. strength of an earthquake-~

(the earthquake magnltude), but "also. upon the distance to.
- the earthquake ep1center and the geologlc and so:.l condl-m
' ‘tlons at the p01nt. _ , : ,

e intru51on° : 'l‘he :mjectz.on of magma ‘into preexlstlng rock, re-—

L '1sotope rat:.os~ Isotope abundances given as a ratlo relatlve to._

sultlng in ‘plutons, . batholiths .and laccollths (large-
scale), stocks, dlkes and 51115 (small scale) R

isbtherm._ A 11ne connectlng po:.nts ‘of equal temperature.

' a standard rather than an absolute. leferent ratios can
:;"mdlcate ‘changes in environment or ong1n for a.given:
" chemical element.  The standard is often’ Standard Mean_-

Ocean Water (SMOW) Some common ratJ.os are defined as:
R follovvs' ‘ : N
S A (n“/o"')s ferlo B
- E 60“(1!\ o/oa) = [ e Te amp e . o l] 1000 .
L = (07770 )Standard ' '

L

81m11ar deﬁmtlorxs exlst for tatlo& of deutenum (D)
- to hydrogen (H) and for C!4 to C}2 :

o f,:fft

A‘]uvemle watev- Water derived dlxectly fx:om a ma.gma, reachlng..
the e'\rt.h's surface for the first time. : RN

I Langeh.er-l‘..udwlg diagram: f A d1agram representmg group:mgs o£~
- chemxcal compes:ttion of aqueous solut:.ons. X e

: '11th1c £ragment. A fragment from a preenstmg rock mass, .
’ ~usually used . in’ describing a medlum-grazned sed:.mentary‘-

rock or certa1n types of volcaxuc depomts.

:'gmaﬁc- Gene;ally igneous or volcanlc rocks, contanung 1ron,,e
magnes:.um and. other dark—colored mmerals. ,

o ».,magnetlc survey-" Measurement of a component or element of thee

geomagnetic  field at ‘different locations. 1t is usually‘
made to map either the broad patterns of the earth's main-
, field. or local anomalies due to vanatJ.on in rock magneti-—
«- . zation. It 1s o£ten conducted as an aeromagneuc survey. .

236




N )yv

sional magnetic field components are recorded.

‘magnitude (earthquake): = A measure -of the gtrength of an earth-

P S L e

e,

Magnitudes deétermined at -teleseismic distances ~using the

e

.- are called body-wave magnitudes and using the logarithm.of

4 % surface-wave magnitudes. The local body-wave ‘and -surface-

o

- ent numerical values. .. =

" 'mélange: ‘A mixture of rock materials derived from ‘more than one

:
;
3

gt el

‘changes. e:.g., slate, schist, gneiss, gquartzite, marble,
serpentine. . i o o o S .
. T i

g meteoric wavr.ctb:"f':Watf.'er of -atmospheﬁé origin (e.g.. ‘rain).

- user). - .-

. continents: . S Lo
*"’v"nvandearthquéke.;“"‘ An earthquake having a magnitude :

S iolouser.)

| i+ .. geothermal processes.

8 lﬂégxietote_.lldri_t: survgy (MT): An 'eledtroma'gﬁetié, method in which R
T patural electri¢ and magnetic fields are measured; usually
two-dimensional horizontal electric field and three-dimen-

‘quake or the strain energy released by it, as determined by
.. . seismologist C.F. Richter, who first applied it to southern
; <~ ‘california earthquakes.: For that region he defined local .
el P hoe 0 magnitude as the logarithm, to the base 10, of the ampli- .
L8 " tude in microns of the largest trace deflection that would -
4. be observed on a standard torsion seismograph (static =
" 'magnification = 2,800, period = 0.8 sec, damping constant = .
. 0.8) at a distance of 100 km (62.2 mi) from the epicenter.

‘logarithm of the amplitude to period ratio:‘of body waves-
" ‘the amplitude of 20-sec period surface waves are called -

© wave magnitudes of an earthquake will have some_wh_at'diffgr-

. “ depositional realm, usually sheared and “deformed. It is a-
mapp.able body, socmetimes several ‘kilometers in length.

' metamorphic- rock: Rock resulting from once solid, preexisting
’ - rock subjected to extreme heat, pressure,. Or . chemical |

""in_iércearthqﬁ.akef:;’ _An earthquake having a magnitude of two or
o less on the Richter scale (cutoff may vary accoridng to -

& b "7 Mohorovicié discontinuity ' (Moho): A sharp seismic-velocity -
ooyl s pe o 0 discontinuity that separates the earth's crust from the . .
L g e P T e e subjacent mantle. Its depth varies from 5-10 km (8-16 mi) .

_ i ‘of zero or
~ less on the Richter scale (cut off may vary according- to

'?‘_".néhéén&'ens‘ible',’fga’sv:; A gas that 'isf'hot ea;sil"yfécndensed vhy"'*'z
o _cooling, -i.e., a substance that remains in the gas phase in-

:

b i e o o e e oo s s i e e S 1wt ]



,outflow’

: ‘pedlment-' Gently 1nc11ned erosion surface carved in bedrock,

percent reactance.; ‘The ratio of one anion spec:.es to r.he tota

| ‘_perched water table- Unconfined groundwater separated from

DUGPPRR

'/ {‘:permeabllxty- Bbility of a rock, ..ed1ment or 5011 to transmlt a.

" - porosn:y (effect:LVe)' . The ratio of the contxnuous voxd spaccﬁ

radlcmetrlc age-datlng. A method of absolute age determznatlo

L recharge?' The processes 1nvolved 1n the absorptlon and addltlon..

4 '-f'_re.'mjectron well._ A well in which fluid is 1ntroduced' oftei?

T e e

The act or process of flow1ng But, e. g., rro(;ndwater’*
seepage and. stream’ water flowu‘g out of a dra*naqe basun. 5

. with a thin veneer of alluvium derived from the upland:
, masses and in transit "across the surface. Pedrnents occu_“
between mountaln fronts and valley floors. ]

anion species, expressed in milliequivalents per liter, and:
s1m11arly for cation species. - For example, if a water=
contains 0.8 meg/l calcium and the sum of all the. cation=
- -species is 13.7 meqg/l then the percent reactance calcium:
- would . be 0.8/13.7 or 6%. .This expression provides a method
_of “normalizing" chemical analyses for data hav1ng a w1de-'j
range of concentraflons.: o L

‘underlying main body of groundwater by an aqulclude and é
unsaturated zone. , o

fluid without impairment of tle structure of the medium. - A.

- measure of the relative ease of fluid flow under unequa
pressure. The customary. unit of measurement is the darcy.
It iso equlvalent to the passage of one cubic centimeter of*
.. fluid of one centipore viscosity -flowing in one second:
- .. under -a pressure differential of one atmosphere - through a:
~ " porous medium having a cross-sectlonal area of 1 sq 2
'.,andalength of.’lcm.-_ - : |

(through which water can move) to total volume. meas.:red a
a po1nt in a flow system. :

. based on nuclear decay of natural elements. Calculatmg a

" age, 1in years, for geologlc materials by measuring the:
. presence of short-life. radiocactive elements, e.g., carbon--
" 12/carbon=14, .or by measur:mg the ‘presence of a- long—hf ‘
-~ radioactive element and 1ts decay product, e. g., potass1um—~
40/argon-40. N e : : L S

- of water t.o the zone of saturatlon.

“used to dispose of waste liquid or possibly to replace
groundwater removed from strata which mght sub51de 1f the:
;__,j'_j‘ water were permanentiy removed. _ _ , ‘
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5 ‘s'ol"'f.
: - the vent.

" specific yield:

tempe_ratufé qtadient: - See éeothe.rma:l ;‘gre.dientA. .

‘valley or graben-like depression. - .

nft zone: - A system of crustal fractures, usually producing a -

“.-sag pond: A small body of water in a dlepressipn fotmed because

active or recent fault movement has impounded’ drainage. e

by weight in parts per thousands or parts per million (ppm)

'salinity: Total quantity of dissolved ‘salts in water, measured

. with the following qualifications: all carbonate has beén -

TR converted to oxide, bromide and iodide to chleride, and all-

organic mattér completely oxidized.

I3

.. loose organic or inorganic “fragmental matesial that has .
" accumulated in layers, i.e. 1) clastic. sedinents, e.qg.

sedimentary rock: A rock resulting from the ‘consolidation of

3 shale, sandstone, conglomerate; 2) chemical -sediments

precipitated from solution, e.g. gypsum, salt, carbonate; -
or 3) organic sediments consolidated from the remains or
secretions -of plants or animals, e.g. some limestones.

o i seismic survey: A geophysical prospeéting‘téChniQue that uti-

lizes a seismic source such as a thumper or dynamite, and. -

 sensitive detection instruments to record travel times..
‘Interpretation of-this data allows the location of geologic .
structures such- as faults and thickness of 1litholoagic
units.: R o . '

" gparker survey: A seismic survey in which an electrical dis-

 charge in water is thz energy source (also called exploding

ataric activity: A late or decadent type of ‘volcanic activ-
ity characterized by the emission of sulfurous gases from -

‘The ratic o the volume of water a given mass

"~ of saturated rock or svil will yield by gravity to the
© volume of that mass. P S I B

| Stiff diagram: A closed pdlygbtif;tébreseﬁting the chemical char-
. acteristics of a substance. Distinctions between substap- -

. ces can:be easily observed by ccxparison of the different -
polygonal*shapes- for each substance. . S :

’ "j4's'uibductién', zéne:' A region vhere orie,r\'éms't:al block"‘descends_},

- »be]neath ancther by ;oldin_g or. faulting or both. =~

o iiiansmiSSivitY=i' ‘In én aquifer, the rate at which water ‘of the

. prevdiling viscosity is transmitted. through ‘a unit width
under a univtr; hydraulic gradient.. = 7 . IS
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' “trllateratlow A met.hod of surveylng where the lengths or the =

: _uuderflow.- The £low of water through the ‘gcil or a subsurface

‘,’volcanic rock u-xtruswe) A rock £oxmed from ‘a magma_ at. or:

i w2 s . :

_three szdes of a series of touching -or overlapping. trian---
" gles are measured - (usually by electronic methods) and tl\e
angles are computeu from the measured 1engths. ~

stratum, or under a structure. e

near the eurth's surface. . Usually €fine-grained, sometmes“
sohd: fying as e)ected from a volcano (see : extrusxvew
gneous rock) ; R T '

f.water oudget. i See hydrologlc budget. .






