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CHAPTER 1

INTRODUCTION

Water Requirement and Availability

The availability of fresh water supplied in New Mexico and the south-

‘western United States has been a problem for many centuries. From the

time of the early Pueblo Indians to the present, water has been the most

important"commodity in this arid region. Due to the lack of a large

‘Supply of surface fresh water, New Mexico has been slow to develop.

‘This lack of development accounts.for the clear skies and wide open spaces,

and on the negative side, the low per capita income of New Mexico. However,

in recent years,”New Mexico's mineral wealth and climate have caused a

rapid immigration of people and industry. 1If this rapid immigration

continues, the demand for fresh water might become critical in the state.
Since l9$0;vpopulation in New Mekico has grown ‘at a more rapid

rate than the national average; and due to the "energy crisis'" this trend

- should continue or even accelerate.A The projected increases in population

,in New Mexico for the next 40 years is presented in Figure 1. jThese

13

projections are based on studies initiated by state and federal agencies

(Bur. of Rec., 1976) Three different growth rates were used in making

i‘these projections “for three time frames——1980, 2000 2020. Considering

the average of these projections, an assumed population of two million

3 by ‘the year 2000 is reasonable, which is almost double the 1970 state

inpopulation.

New water supplied to accommodate this influx of people and to satisfy
the potential of increased mining and manufacturing in the state must be

found._
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Water Consumption Trends

The present annual surface water supply for New Mexico is approxi-
mately 0.75 million hectare-meters-(5.7 million acre-feet). New Mexico
presently consumes 0.30 million'hectare-meters (2.3 million acre-feet)
and 0.45 million hectare-meters (3 4 million acre—feet) are passed
downstream to Texas, as established by law (Bur. of Rec., 1976). The
effect of increased industrial and population growth on water consumption
in New Mexico is shown/in Figure 2. This figure indicates that by the
year 2000, New Mexico will consume an‘additional 0.13 million hectare-
meters (1.0 million acre-feet) ofzwater per year, about 442 increase

over present consumption.

Surface Water Resources

In New Mexico, the surface water supplied’ is essentially appropriated

witd some small amounts of surplus water available in the San Juan,
Little Colorado, and Arkansas River systems. In the first report of the
National Water Commission in 1969, it was reported that the Rio Grande~

Pecos River systems, which drain approximately 60/ of the State of New

Mexico, had the greatest shortage of water in relation to expected demand.

The Colorado River system, which drains the western portion of the State
of New Mexico, is second with respect to the shortage of water relative
to expected demand (Stucky, 1971) The projected irrigation water demand

in the year 2000 equals the present surface water appropriation (Figure 2).

,This indicates that the increased water demand will have to be furnished

either by groundwater supplied or by reappropriated surface water supplies.

f
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. Groundwater. Resources

Grrs

It has been estimated ‘that New Mexico contains 0. 39 billion hectare-

‘meters (3.0 billion acre-feet) of fresh groundwater (<1000 ppm total dissolved

solids) and 0.18 billion hectare-meters. (1.4 billion acre-feet) of slightly

‘saline,(1000—3000'ppm total dissolved solids) groundwater (Bur. of Rec.,

1976). This quality»of,groundwater would be ideal for urban and industrial

Ve

consumption, since it could be directly consumed with little or no:

treatment. The problem with producing large quantities of the quality

'water ds that the aquifers are w1de1y dispersed throughout the state

(see Chapter 2) In contrast, it Jhas been estimated that over 2 0 billion
hectare—meters (15 billion acre—feet) of saline groundwater (>3000 ppm
total dissolved solids) exists in the state at relatively shallow depths,

and underlies almost the entire state. However, this water may require

either partial or total desalination, depending on the intended use of the

water.

Justification for Desalting

At present, 90% of the urban water supplied in New Mexico come from
groundwater sources, and costs range from $.15/4000 liter ($.15/1000 gal.)
to $;50/4000_liter,($-50/1000.ga1.), depending on' the pumning costs and
type of pretreatment required (Bur. of.Rec., 1976 and Morris, 1971).

Industrial users may pay even more, depending .on . the quantity and quality

{fof the water required for their processes. ~Many'desalination studies
- have been completed, and suggest‘that~desalination'costs‘range from
$.50/4000 1. ($.50/1000 gal.) to $1.50/4000 1. ($1.50/1000 gal.), depending

on the type of process, and method»of:brine_disposal used ‘(Morris, 1971;

Stucky, 1971; Dow Chemical, 1970; Le Gros, 1970; and Boegly, 1969).




 As conéumption continues to increase, municipal supplies.will increase
in cost as fresh water becomes hardef to find;‘ These increased costs
y shbuld then make desalipation,forAmunicipalities economically-feasible.,’
- Also,. since some industrial and mining pfocesses do not require as'high
a quality Qf water as municipal consumption, partial desalination may

now be more economical than pumping in fresh wéter from great distances.

Existing Non-Geothermal Desalination

The distillétion procésé 6f desalination wﬁs £he first process to be
exfensiﬁély stu&ies'by the Office of Saline Water (QSW, 1974). This
 pfocéss was'found‘to have extensi%e energy reqﬁirements and a low product
watef recovery factor. ‘Because of tﬁese'facts, the OSW redirected its
efforﬁs toward the electrodialysis and reverse osmosis processes of desalina-
tion and closed all the major distillation!test facilities in the United
States (OSW, 1974). Thelelectrodialysis and reverse osmosis processes
are essentially filtration processes and can achieve 98% productbwater
recovery. These processes are discussed in more detail in Chapter 3.

The distillation process could be more feasible if a cheap source
of energy were available. Sourées previously considered include waste
heat from nuclear power plants, solar energy, and to a limited extent
geothermal energy (Lansford, 1976; and OSW, 1974). The OSW has sponsored
some research in this afea and has recently built small scale geothermal
distillation desalination test facilities (Bechtel, 1977 and Laird, 1971).

Various studies have been conducted in New Mexico on many’desalination
processes, such as distillation, electrodialysis, and reverse osmosis
(Lansford et. al., 1976; Morris, 1971; Stucky, 1971; and Le Gros, 1970).

However, no existing study in New Mexico has considered the geothermalv

desalination process.
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Geothermal Desalination

k.lGeothermal.reSOurces may be used in three basic ways to producév

. potable water,~'High quality geothermal steam éan‘replace the steam sources

in such distillation processes as Multistage Flash Evaporation, Vertical-

" Tube Evaporation, or the starting heat source in:Vapor—Compressor Distil-

lation. Geothermal steam can be used to produée»mechanical work in a

turbine to:drive compressors in Vapor-Compressor Distillation, to drive

pumps in a Reverse Osmosis operation, or to drive a generator to produce
electrical power for Electrodialysis. Hot,geothefmal brines may be used

’as already preheated and usuélly geaerated feed streams for Mﬁltistage

Flash Evaporation or Vertical-Tube Evaporation. For production of steam

from geothermal resources,'receht analyses have shown that the temperature

of these resources must be above 150-200°C (300-400°F) with ideal conditions
at about‘300°C.(572°F),

If/geothermal resources of 200°C (392°F) and above could be found,
Laird (1971) estimated that "...80 to 90 percent of the brine could be
converted to freshwater by distillétion af low cost." Thé cost would
vary-depending upon the price charged for By—pro&uct electrlcal production
from no cost to 30¢/1000 gal. |

The,ﬁ. S. Bu;éau of Reclamétion has been exploring the geothermal
resources on the East Mesa of Imperial Valley, California. The purpose
of the Bureau's reéearch and develépment program is to determiné the
feasibility of desalting minéralized'geothermal flpids and thevpractiéality
of concurrent geéeration of electric power. According to Fernelius (1976),
two test desaltiﬁg units,_a multisiagelflash (MSF) and a verticél tube

évaporator (VIE), have been installed and are being operated to evaluate

the distillation process for desalting géo;hermal fluids. Each unit




was designed to produce 75 to 190 m3/day of distilled water. Around

the clock operations have been successful at both units, with minor
scaling aﬁd corrosion problems.  The Bureau of Reclamation has diilled
~and complefed five deep test wells more‘than>1800 m in depth. Bottom

hole temperatures of the deep holes range from 157 to 204°C (309 to 400°F).
Initial operations show promise for feasible>dévelopment.of geothermal
resources (at East Mesa, California) to provide an economical high—qdality
water supply (Ferneiius, 1976). Figures 3, 4 agd 5 show views of United
States Bureau of Reclamation geothermal desalination facility in Imperial

Valley, California. 3
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F1gure 3 High Altitude Photograph Looking Northwest

Showing East Mesa Test Site, Imperial Valley,

California (Bureau of Rec]amat1on Photo).
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Figdre 4 East Mesa Test Site (Imperial Valley,
California) looking Northeast Bureau
of Reclamation Photo).
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Figure 5 View of the Desalting Plants, East Mesa -

Test Site, Imperial Valley, California.
Multistage Flash Unit is Seen at Left,
Vertical Tube Evaporator, Center, and a
Portion of the Bureau of Mines Corrosion
Test Vehicle is at Right. (Bureau of
Reclamation Photo).
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- CHAPTER 2
. RESOURCE EVALUATION

Saline Water in New Mexico

The definition.of the degree of salinity in water used here is the

sane.as was first proposed by Winslow and Kister (1956);and later used

by Hood and Kister (1962) and Bureau of.Reclamationr(1976).’ According

.to this system of classification, water containing more than 1,000 ppm

of dissolved solids is termed "saline", although in many parts of New

l Mexico the only water available has higher salinity and 1is consumed by

“llocal residents. The salinekwater'is,further classified as follows:

" Deseription " Dissolved Solids
- ~(in parts per million)
Slightly Saline = 1000 - 3000
| Moderately Saline - 3000 - 10,000
Very Saline -~ 10,000 - 35,000
Brine ‘<' | o ‘ More:than 35,000 |,

Bureau of Reclamation (1976) has compiled maps showing distribution .
of different categories of saline water in New Mexico‘ These maps,'
reproduced here in Figures 6, 7, 8 and 9 show estimated thickness of
aquifers that. contain slightly saline, moderately saline, very saline
and brine, respectively. Figure 10 is'a map of total dissolved solids

in groundwater in New Mexico prepared by Swanberg (1979) on the basis

of U. S Geological Survey WATSTORE data supplemented by other collected ‘,Uw,

data-;

These maps referred above, do not provide the important parameter

.ofwdepthvwith respect to the occurrence of saline water. We have,

17




0e®

[Clad

oy

!‘”rvrax o T 2”7 0o L ;%R A b (; ’ T 'i’f' o
A e B S E 13
p ( . c;ﬂ;": i ) ;:r{ & .sl | : 9
-‘w}i" I. , g:_ B Y . [ . . . . . [-]
| s s x “« » o s P ST Y ‘5{';") v ae .% \ ] g.\ 'b"‘"f!-
#id Ora c' ‘ .
i - | “ T .L ¢
H o P X .
| R ‘
.,-u- . . -
\.-__ _ ™
= ‘ S-.;_v.:, m

o° | __-_" * ¢

’_ ¢ )

<

2 T ——————d b

©

o

- " ¢

= 1 g :
{ .

< ‘ S ;
I - ! ) T g =\
' 3 o ' ' %

» i ? * . 3 e ‘l: 33
: . « V.4 9 \i ) \l i i
M- =7 ) r | |
] '_'L - J--—-s—-_.l 2 ‘L, ‘
L " oo ] sl

/A O 1 D IR
320] '! ! ! L ¥ 1 128 sz,
i - —J: ‘ _ E X A S ,
! r-l M EXTC'O ’ oo
‘ : Less :fm 1000 AE“{?;::;%:;“ aaline watem i
-—i.i__-.—__-_’ . m‘zam T i
MAP SHOWING ESTIMATED THICKNESS ~  ==w 2 |
OF AQUIFERS THAT CONTAIN SLIGHTLY SALINE ,s:;,;, .:Zl".’.:;:l;;;, e s-’”:’z: !
I GROUND WATER IN NEW MEXICO BRI | |
§ : —dr— e e

Figure 6 (Bureau of Reclamation, 1976)

2

18

o

r

r—

r-



14

r .

104% I3
{
i
<
=l
x
©
v = e s \-—
» %-v-l

|
rJ
|
j

,
/
G i

r

r

M L

f lJ < f . . L ] ': ’E m
.;]\ ! 1
]; H ! as.n- . <
1 ‘ I i
u =5
. ;13 r-—-l-—| .;.'13 a s & v_§ 3:. L_‘:‘-.. 340
o 1o 1| =
u L
'\
o
! |
i ¢ s
g i | —— | ’?
q_‘_-—-“—-‘-——‘ 3 o g Lo
h o ;r N N ‘?\ g ! ’ : * » ’ ‘,2‘ r - %‘ y Dm-'- :E
. .L‘ : . . N . - '\ f’ /’ ;] r gl [‘ ‘ ! L . E
. e . . . s : a
R 0 N e A R A
- | ) | i
' ’_ L. r-—_‘———i . ! . ' 4w , l . ‘ L‘ t
. I ' s ol a” 3 A m A . l ) t . . . ‘ i ' ‘ .|7 1
. | amamme . | 1 21 ; Cocimes | !
{1 i a H [ H Fad 8 H i
VIR I I bl o
] = L T : . i “ , l ! !‘
" ' , o . e ]
; 1 o . P ‘ — - T . p
Li - N | i T E X A S
we e AL e e r- M .E- X - T ¢To \“‘AK" . . o EAPAATION <
. , : | e s e T ‘
’,‘ i J f oD, o PE anknoa,
A e e e -‘-—l mn@no; ‘tz-’v:{ritma:';:‘?i?’m?l’:‘ ‘
. MAP SHOWING ESTIMATED THICKNESS v SOOI
U ‘ i gl Jnt el :“:;-

1

OF AQUIFERS THAT CONTAIN MODERATELY SALINE
- GROUND WATER IN. NEW MEX!CO

1

-:a'!-,u .

g
" Samatlng potnt

S
- 0ee

108°

WorY . .

- 1088

i
10a%

153

37

38%

Figure‘7,:(Bureau of Réc]amation, 1976)

19




e

. S = w07e . ) 109% i ' o oy
199 108% ki<l

Y

UTAH N c o L o/ R A D o o
T - T pou <
& S { | =
i =] H ) /Jl . ‘ ]
T o & AR B
‘W ‘ Il a . §s T o . \} R ; .-' .} . A {?\ ' ﬁ._'h—
‘ . R U I N T
L N b U T
3 1 128 _ssamos ~./ : \ - ‘1
e R ey |
‘ 3 A s ji LI ;\‘i:7 o "u \\\v- . AY r ‘l:
o ' 1 - L . \\\- . ! x
_: _ l e e N .i_’% |'
e o S
: : ' \\ — — !/"‘“““""
L I [ N\ e | * -
IR Iy Y .z a < [ a .l;\.r ——- L'J o e ma O ! r_r--—
< oy !‘" ey e u & 8 & L e v_;_l !_4 ;
o e - A rol T
’ ) L geri| 5
] - ! . 3
o 7 - 2 e e adhe s | ‘ éw:?
C ;x - b ;
N 1 1 . A ‘. e
_!; - ; 5‘:'-'-' ! I f'! l‘-ualz N
IR A al
< ‘ | 4 i——_-' Cesmanes " i !___.!__.._._-_
i 1 [ ' J . ‘ ‘.J
. B f I
i'“-'—"—'_{'“. o 4 ' | l
$39 K ? s [ ] - » a _ : .! o r_______
:_' R . \\ ,/’ f g !- o 1‘: | :
P‘""I i N - !—-_.._J/ ! ] ! i .l
! L. P__;j"**-—~—ﬂ ! A LoL.
LI - - L4 ° a°® ‘I ‘8 J
e ! ., ! s et ".’! - : !
T N A | | L]
i 1 t |
L L] L | . | |
'; L "J: _ l\ ' T E X A S ‘
'!i ‘r— x . I c 0 &\ Lvea thar 2050 -‘U\'-ﬂ. J"P“";UX!‘F 17 e
i _i l:l profi e R ity il
l MAP SHOWING ESTIMATED THICKNESS e
| OF AQUIFERS THAT CONTAIN VERY SALINE  ZE2itr’
| GROUND WATER IN NEW MEXICO =~ =Emvamaviaiilu.
o e : e — — - —3r _'

Figure 8 (Bureau of Reclamation, 1976)

20 A

r._*._



r

A08 Apswod

=, —!

Sants !E

afa-re

1{:7
e
|

|

&
|
!

L ] ; .i 5
i o
==

B
] |

IEE—

-1

M E.X 1.¢

'_-_____J

MAP SHOWING ESTIMATED THICKNESS
- OF AQUIFERS THAT CONTAIN BRINE seliizy e
- IN NEW MEXICO L o S—

o
Hore iham L1000

Nere v 4,009

‘Bring u d.ﬂ-td s \-ul' Fmiatning
wore zaan 35,00 willisvame per

IXPLMATION

<

Areca whary brime 1puilers ava

wiaely aisgaresd cr e wmewt.

.
- ’hu-n.nx o _\r.tknx. ;2 e eand
wd gravei dersrits af wajor strean

vatlaye.

7

.
amoiing pmin-
.

|

i

1 s

i

I

Lo

L
!
|

e —

L
o7

Figure 9 (Bureau of Reclamation, 1976)

21 -




Scaie 1:LOOQOOO

Nz = L - Y __ som

€ TN N e wmam
e ———

22

Figure 10  (Swanberg, 1979

109" . 108° qof : 0" 105° "i“' 10%*
37 ‘ R 4 + -
§ * SOUTHERN @ 8
A g, ~ ROCKY o '
sl MOONTANSG,  ©.
* N
+ N
* T , *® ® o
} . T oo, ?ﬁ
. . .
36" — AR ° J+o
o 00 ® M o o]
¢ ' TRt S o
o -Js%%? * 80
S - e
 COLORADG @ ,
ar | + PLATERU %_
* o At / | 25 3=
° % =% = /. GREAT ==
o« -0 = - PLAINS R
34.' Qo S ; =
e °
o * o
Lo Y F %
8_7B U . i
' _ ‘ o ° e%0 RANGE :
)
+
WE o *
&g N -
44 - N T
’ £ # [o] 00 + a
& o
32" — '%#‘ S 4‘%5‘;&M5$/c0 +
+ o 3 7
+ 4 £ Xx A S
’ o} i 44
g &
2 R
S o
TOTAL DISSOLVED
SOLIDS
o 0-500mg/A.
+  500-1000mg/L - -
e |000-2000mg/L
A - 2000-3000mg/L
' 2000 - 4000 mg /L
% >4000mgL

-

r—

rwm

r

r—

r—

r-



r

therefore, prepared a series of ‘maps (FigureS' ;thru 14) which show the

distribution of different categories of saline water at depth zones of

'500~1000 ft, 100-3000 ft., 2000-5000 ft and greater than’ 5000 ft.*

Saline groundwater at depths less than 500 ft isvfound under a large part

of the state. Figure 15 shows the distribution of saline.aquifers nith

" thickness greater'than 2000 ft. This map has been prenared from Bureau

of Reclamation (1976) data.
"Hood and Kister (1962) have compiled information on the important

saline water aquifers in New Mexico. This information is presented in

‘ Table 1. Most aquifers in New Mexico contain fresh water at one locality

andsalineumter at another. This variation is due to the differences in

lithology, rainfall, precipitation and infiltration.

Geothermal Resonrces of New Mexico

Much of thefwestern half of New Mexico’contains,geothermal resources'
of varying quality and quantity. There are eight Known Geothermal
Resources: Areas (KGRA) in the state, so designated by the U. S. Geological

Survey on the_basis of resources known and.commercial interest shown in

jtheir deyelopment.» In addition, large parts of the state show geothermall
[anomalies in the form of hot springs, hot water in wells, geochemical
‘.thermometry. high‘heat flow,,highnbottom-hole;temperatues, etc.ymMost
‘oflthisfinformation hasfbeen;snmmariaedgin”fignre 16"nrénared by Swanbergfl

(1979). In addition,~recent work based on analysis of well data collected

from several state andnfederaltagenciesxin New Mexico has indicated

several additional areas in the northwestnand southwest parts of the

*Data for Figures 1l thru 14 were collected from published sources on
the saline water occurrence in New Mexico (Bureau of Reclamation, 1976;
Hood and Kister, 1962; Hood, 1965; Kelley, 1970; Morris and Prehen, 1971
and Krieger, et. al., 1957)
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Saline-water aquifers in New Mezico

System

Berles

Formatlon or group

‘ Charucter of rocks

Saline-water supply =

nary

Recent and Pleistocene.

Alluvial and eollan deposits

Gravel, sund, silt, and clay.

Large supplies in Pecos and Rio Grande Valleys. Moderate to
large supplics from alluvial fans in mountain arcas in the
Basin and Range provinces. 8mall to moderate supplies
from terrsee deposits and small stresm valleys.,

ary = | Quster

Santa Fe group and related

Unconsolidated, or slightly consoll-

Sinall to large supplics In intermontane basins of Basin and

Middle Miocene(?) to Plels-
& tocene(n) bolson fill, dated gravel, sand, siit, clay, and Range province, .
2_5 tuflaccous rocks, some interbedded
T3 ;‘ volcanic rocks,
& eos ) . :
I3 ; Plicoene. - Ogallala formation, Gruvel, sand, and clay. Moderate to large supplics in southern High Platns.,
G
=3 Paleocene. Nacimiento fonmnation. Sandstone, shale, and conglomerate. Small to possibly moderate supplies in San Juan Basin.
U Cretaceous. Undifferentiated. Shale, sandstone, limestone, and con- | Small supplics in the ares of the Raton and Las Vepas Plateaus
2 pper Lre glomerate. ' ' and in small arcas of Basin and Range province. Small to
g . A R - moderate supplics in Colorado Plateau,
v Lower(?) and Upper Cre- | Dakota sundstone. Sandstone with some shale, conglom- | Small to moderate supplies in the areas of the Raton snd Las
o taceous. ) erate, and cosl. Vepas Plateaus, the eastern edge of the Basin and Range
: province, and the Colurado Platrau.
Undifferentiated. Undifferentiated, Sandstone, siltstone, and shale, with Gq-mlrallg yields small to moderate supplics in the northern half
g% some linestone and t.imglonwral.q. of the State. .
il
o U Trlassic. Dockum group. Sundstone, siitstone, red shale, and | Small to moderate supplics in the Canadian River valley,
E’g pper Tr P some conglomerate, ' northern Pecos Vally, and Colorado Plateau; possible large
supplies Jocally.
Och Rustler formation. Dolomite, anhydrite, and red shale. Small to large supplics In southern Pecos Valley,
08.
Castile formation. Anhydrite or gypsum, lesser amounts | Small supplies in southern Pecos Valley.
of salt and limestoae.
l&pltm limestone, Roef limestone, ) Moderate to large supplies in viciaity of Carlsbad.
Guadalupe, Undifferentiated. Red beds, gypsum, limestone, dolo- | Small to large supplies in the Pecos Valley.
mite, siltstone, and sandstone.
g 8an Andres limest Li t and dolotnitic lmestone | Lurge supplies in the Pecos Valley and in the vicinity of the
= - with some gypsum and saudstone. Zunl uplife. .
g Qloricta sandstone, Sandstone and some limestone. Qencrally yields small supplies, but locally yiclds large sup-
B . plies, where fractured. -
Yeso formation. Pink and yellow to white shales, silt- | Small to moderate supplics in eastern Basin and Range prov.
stone, gy psum, limestone, and sand- ince from Otero County northward to Southern Rocky
.Leonard, stone. Mountains and castward to Canadian River valley. Capable .
of yielding large supplics locally, jurticularly in thick lime-
stone scction in southeastern Otero County.
Abo formsation.  Red shale, siltstone, sandstone, and | 8mall supplies in Basin and Range provinoce.
conglomerate. . :
Wolfcamp. :
. g Undifferentiated. Undificrentinted. Limestone, shale, and sandstone. Small to moderate supplies in Basio and Range provinee and on
8.2 flanks of Southern Rocky Meuntains. Capable of yielding
“E‘ :.g large supplies locally.
"Table 1. Saline water aquifers.in New Mexico

(Hood and Kister, 1962)
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shown in Figure 17. Tabie 2 provides a describtibnvof each of the

area (numbered 1 thru 46) in Figure 17.
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- Area
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Ho,

10

n.
12

\3‘
14

,?]5(

16

‘17

18
19
29

‘21

22
23
21
25
26
27
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AREAS FAVORABLE FOR DEVELOPMENT OF LOW-TEMPERATURE {<90%C) GEOTHERMAL RESOURCES IN NEW MEXICO

Measured or

wells Considered Representative

Area Mame Thermal Springs Total Remarks
. Fo.. Range ~ Range " No. Range Temperatire Estimated Dissolved :
of of. of Gradients Reservoir Solids
Depths  Temp, ! Temp. Temg. th v
m (o) (%) Cc oy 0 m (me1h
Moncisco Mesa n@ nr- - 2- : 64 T >4 648
{x 20 mi. S. of Farmington) 2055 72 :
Jicarilla fpiche Reservation 35(6) 666-  41- n .36 763
s ‘ aMms 93 ‘ ‘
* Puerto Chiquita 17 o084 88 ‘ 60 >55 " 904
0jo Caliente 3. ;;- 15-56 5 32-45 o 130 C.6. 2500
Marby's Hot Spring’ 13438 S 125 .6 500 30 gpm
Ponce de Leon . 1 31-35 ‘ 105 C.6. ' 240 gpm
Tohatchi 2. 24 - 39 ‘ 539 : ) Morrison formation deeper well
. : (762 - . G ; flows 900 gpm
"Red Mountain Ranch 1 293 32 R ' 75 »32 293 '
Little Blue Mesa 2 304-  32-48 70 >48 686
o - ; 686 - » , A
Valles Caldera 127 780- 0120 5 32-70 very high 240 5000
, B L2125 . 240 , :
Crownpoint 1 614 2. 52 >42 614
Hospah 4(3) 497- 4. ‘ 59 >56 904
904 56 " : ~ ‘
Montezuma o T2 3858 10 C.G. 530 325 gpm
Canada Marcelina 1 639 a B 52 >43 . 639
White Mesa 1 n 28 ' 528  2n
Guadalupe Area 1 35 _ : 170 C.G.
San Ysidro 2 161- '3 " 25-45 ' 100 C.G.
Fort Wingate 1 §93 61 L Lo >61 593
Prewitt Area R R S | A 150 ¢€.G.
~Jemez Reservoir . » 150 C.G.
Closson , ? 76 R , 61
North of S()Cdfro ) 41 : 150 - C.G.
. San Augustin Plains. 35 , 3B
Socorro ' 1 81. 33 3 .35 . 35 230 "~ TDS for Socorro gallery
San Francisco Hot Springs 1 37 40 200 6.9 gpm ‘
Frieborn Canyon Spring 1 33 33 150 9.4 gpm
Lover Frisco o n 35-49 150  C.G. 650 50 gpm
Table 2.

r— e r—
Chaturvedi p.1°
Approx. References
tocation
tat Long
01 0 1
36 30 108 10 - Chaturvedi
2 Y720 ¢
3630 10655
. '3620 106 00 - - Summers
3630 210540
36 20 'To5 40 - "
35 55 -“tog 35 "
35 55. 108 00 - Chaturvedi
© 355510725 .
35 40 10630 Siyénberg
3540 10810 %
35 40 107 50  Chaturvedi
©3540..10520  Sumers
.35 35 }08 00 . Chaturvedi
35 35 ;107 30 .
35 30 107 15 . Swanberg
35 35 106 50 "
35 30 - 108 35 "
3525 106 25 .
3525 106 35 "
315 10820 . ¢
24 20 106 50 .
34 00 108 05 "
34 05 107 00 Summers
33 50 108 50 “
3345 109 00 .
3315 108 50 "




Area

Ho.

28
29
30
31
32
33
34
35
36
37
33
19
40
4
a2
43
44
45
a6

7€

Area Name

The Meadows
Gila Hot Spring
TorC

" Turkey Creek Hot Spring

Cliff Areca
Mimbres H,S.

 Derry Springs

San Diego Mtn.
Garton Well

North of Lordsburg
Faywood H. S. -
Radium H. S,
Lightning Dock
Lordsburg

Las Alturas .
Mesquite-Berino
Southern Tularosa Basin
Kithourne Hole
Columbus Area

AREAS FAVORABLE FOR DEVELOPMENT OF LOW-TEMPERATURE (<90°C) GEOTHERMAL RESOURCES IN NEW MEXICO

Wells Considered Thermal Springs
No.” Range  Range No. ~Range
of of of
Depths  Temp. Temp,
m. (%) (°c)
4 27-34
5 36-66
3 40-43
? 74
2 11-91  30-33 1 25
24 34-62
1 34
warm
. 301 34
4 . 29-147 27-35
1 55
3 3-10 26-60
99
33
8 90-240 25-60?
2 . 153-219 31-35
1 ? n
1 2239 45
kil
NOTE:

Representative

Temperature
Gradients

% "

Table‘g.

Estimated
Reservoir
Temp.
©0) ")

34

66

100 C.6.
74

>35 91
>60

100 -C.G.
125 C.G.
>45 301
>35 147
55
130 C.6.
170 C.G.
150 - C.G.
120 C.G.
1200 C.G.
150 C.6.
155  C.G.
155 - C.G.

Measured or

(Contd.)

Total
Dissolved
Solids

(mg 171y

150

450
2500

500
250
1000
us

9000

380
3500
1500

1600
1000

'€.G. = Chemical Geothermometer by Swanberg

. Remarks

460 gpm

500 gpm from {190-205 m) at 45°C

Approx.
Location
Lat- Long
01 01
33 20 108 20
3310 108 10
3310 10215
3305 103 30
35 50 108 35
32 45 1 107°56
32 50 107 15
32 40 107 00
3246 106 10
32.30° . 108 55
32 35 108 00
32 30 106 55
3210 108 50
3215 108 30
3215 106 45
3210 106 40
32 05 106 05
31 55 106 55

50  107.30

k]|

Chaturvedi.p.2
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CHAPTER 3
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GEOTHERMAL DESALINATION TECHNOLOGY

Introduction

Salt can be removed from water by various chemical or physical

prbcesses, the most important of which are the following.

Constituéﬁﬁ Removed B ?hasé td which

Process(es) ' - .from Saline Water - Transported .
Distillation ‘- Water Vapor
Membrame C oo g Lo
- Reverse Osmosis L Water Liquid
Electrodialysis Salt Liquid -
4Freezing o ‘ : : Water o .. .. . Solid
Hydrate -  Water . Ssolid

;Diétillation Processes

. Distillation is the most commonly used desalination process with

Multistage Flash Evaporation being the most popular method.

. Multistage Flash Evaporation (MFE). In the Multistage Flash Evaporation

~ process, saline water is mixed with scale-control chemicals, deaerated,

and. then combined with rgcyg;ed,bfine. The saline solution is bumped:_
through thbes positioned in the upper portion of horizontal vessels.

Separate chambefs (stages of the process) are formed in each vessel by

,,a;seriescpffvertical,baffles.' The,coolest”stage:is_the nth and thé - -
_hottest is the lst with the entire process operating at more thanYGSQCﬂ

‘(1§O?F)&tapge,7»Th¢vsalinelwater-ié thus~heated,g§adua11y;as it passes

in the tubes of each stage, but because the water is under pressure; it

does not boil. After leaving the .1st stage the saline solution is further

“heated in the feed heater.by;conventional-boiler‘or nuclear or geothermal
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generated steam. The saline solution is then fed to the shell side of the
first stage whefe it flashes and releases steam.- This steam rises,
condenses on the tubes and passes off its heat to the saline water in the’
tubes, then drips into troughs under the tubes. The second ‘stage is
operated at a slightly lower pressure than the fifst causing thetbrine

and the pure water to spontaneously flow through liquid pressure seals.
The flashing/condensing procedure repeats in the many stages of the system
drawing ail the availaﬂlerheat from the brine. Excess brine beyond that
neededvfor recycliné is ‘disposed and the pure freshwater in.the troughs is
the productf It is possible to aghieve 21 1b of freshwater per 1b of

steam used.

Vertical-Tube Evaporator (VGE). _Saline ﬁater is deaeraﬁed and mixed
with scale-control chemicals, heated in séveral preheaters,.fed into the
top of a VIE or the first effect where boiler steam passes on the shell-
side of the tubes. The saline water falling within the tubes is boilea
by the heat from the condensing shell-side steam. The.first‘effect
condensate is returned to the boiler as feedwater. The steam from the
boiling saline water condenses in the sheli side of the second effect to
form product water and boil the brine falling inside the tubes of the
second effect. In each of the effects, some of the brine is bottom of
the next effect where it is flashed, producing steam, bécéuse,éf a preSsure
reduction. Each effect is operated at a lower pressure than ﬁhe previous
effect.

Vapor-Compressor Distillation. Vapor-compression can beTintegfated

into either the MFE or the VIE processes. Saline water is fed into and
boiled in a tubular heat exchanger within the evaporation chamber. The

‘resulting steam is transferred to a compressor, which inc:egSes both the v

r
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pressure and heat contentféf the steambwhich-is%condensed on the shell-

side of the evaporator.tubes to produce fresh water and boil.the saline

~water within the tubes.

Solar Distillation. Vaporized saline water condenses on the film

. of .plastic, - collects in.troughs, and this product is removed. ‘The stills

~require large land areas and operate at slow rates and can also be used

to produce salt in addition to the freshwater.

Membrane Processes

Both Rverse Osmosis and- Electrodialysis are membrane processes

-.which do not involve a phaseschange and generally‘require less energy

than distillation. ;Energy requirements’are proportional tofthe level of
dissolved salts present'and thus are most popular: for lower levels of
salts (less than 3000-4000 ppm).- A membrane may,rin general, be defined
as a selective filter. - |

Reverse Osmosis. In the reverse osmosis process pure water and

saline water are .placed ‘on-opposite sides of ‘a membrane.: A pressure is
applied.tovthe\saline solution in excess of the'osmotic pressure. Fresh-

water passes through ‘the membrane from the saline water to the freshwater

- side. . The required pressure to overcome the osmotic- pressure is a function

of,the.salt level in the saline waterjand~is typiCally:BOQ-SOO,psig;

The process has a potentially high thermodynamic efficiency, but one

‘problem is that a membrane with a flux rate high enough to reduce

capital costs to an appropriate level has yet to be found. '

Electrodialysis.v An electrodialysis cell is composed of an alternating

cation - and anion—permeable membranes. An electric current is applied ,

which causes the sodium (and other positively charged ions) to pass through
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the cation-permeable membranes while the chloride (and other negatively
-.charged ions)'passes through: the anion-permeable membranes."Water in-

the center chamber of each.membrane sandwich is. salt~depleted and water
in the:adjacent chambers is salt?enriched."Demineralization cost consists
mainly of the amount of electric current needed.ﬁhich'is proportional to
| the salt amountsAto be removed. Therefore, electrodialysis is the favored

process for saline waters up to 2500 ppm. -
r

Freezing Processes

The solid component of partially frozen saline water is pure ice
with the remaining liquid more cdicentrated in salt. 'The ice is separated,
adhering salt water removed as best as possible, with the ice then to be
melted to yield product water.” The two main freezing processés are the
direct and the secondary refrigerant processes.

Direct Freezing. Cold saline water is sprayed into a vacuum chamber

to form a mixture of ice crystals in brine. Approximately one-half of
the incoming saline solution is frozen. The brine and ice mixture is
transferred to the bottom of a separation column where the ice crystals
float to the top, brine is drawn off at the column's sides, and the
rising ice is washed with small amount of product water before being
removed to a melting tank. Vapor from the freezing chamber is condensed

and fed to the top of the separation column.

Secondary Refrigerant Freezing. The saline water is deaerated,

cooled in brine and product éoolers, and then flashed in direct'contact
with a hydrocarbon such as butane or isobutane. The resulting ice and

brine mixture is pumped to a séparation column where the brine is removed,
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ice washed, and the ice mechanically transferred to the melter. .The
flashed hydrocarbon vapd%ffS'compreSSed andurécycled to the freezing

section.

‘ Hydrate Process

A low—molecular—weight hydrocarbon, such as propane, is combined

with water to form hydrate crystals which reject ionic components. Excess

' propane is vaporlzed and then recycled after it is compressed and condensed

The hydrate crystals are washed with product water, decomposed to water

‘and’ propane, which are separated by either decanting or centrifuging.

-

R F
Feasibility of Geothermal Desalination

The geothermal resource potentially available for desalination in
New Mexico consists of low temperature-(60-90°C) water. For this reason,

of the chemical and physical processes of desalination mentioned above,

only the distillationfmethods will be suitable. In this section, the

feasibility.of geothermal desalination in New Mexico is examined by

..making certain costAassumptions‘and without,regard~to a particular

- location,

- In our_study we. find that theibest waygof using-geothernal water;
as a heat source<is to directlyumixrthe geothermal water with the saline
water}if the TDS (TotalhDissolyed Solids) of both are approximately.the
same, Calculations are here‘made,for the;following-two.cases.

Case 1: Where geothermal water is mixed with saline water in a
l -1.3 ratio with,the temperature of ‘geothermal water;eQual :
;_to_60°C“(140°F);and;the temperature-offthe saline water
‘equal to 20°¢C (68°F).’ This case;is referred as'our
"worst case" since wejare using bothva low geothermal to

saline water ratio and a low geothermal water temperature.
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Case 2: Where geothermal‘waters aione are desalinated at a feed
temperature of 120°C (194°F). This may be referred as
our "best case" since the temperatufe of the geothermal
water is assﬁmed to be about the highest at‘réasonable
depths found in New Mexico. -

By choosing ﬁhese two éases we have set thebupper and lgwer limits
for use of geothermai waters in distiilation desalinatiop for é MSF
Onﬁltistage Flash) typerprocess.‘ The qualification of our "worst case"
és being féasible to the extent of demonstrating a’sizable ené;gy savings
wouid indiéate that any befter cage (higher geothermal feed temperéture,
higher geothermal to saline water ratio; etc.) will prove to be even
more feasible.

Due to the low temperatures for geothermal waters found in New
Mexico, the best we can hope for is that the geothermalyenergy be used
as a source of preheating so as to increase the feed temﬁerature of the
saline water.

For a geothermal feed temperature of 60°C (lAOOF) and a saline water
feed temperature of 20°¢C (68°F), we obtain for a 10 MGD (million gallons
per day) product water plant a final temperature of the mixed streams
(geothermal and saline (in 1:3 ratio) equal to 30°%c (86°F). This value is
obtained as follows: -

Energy balance about the mixer (Figure 18) assuming negligible
heat losses yilelds:
Heat gained by saline water = Heat lost by geothermal water
. Assuming the heat capacities of the two streamé'(geothermal and

saline feeds to the mixer) to be the same, we can write:
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Figure 18. Desalination of Geothermal Saline Mixture
N’ ("Worst case")
(SR

l « ‘ : ' 41
- | |




M, TorT,) = M (T ~Tgy)

or
Eh = FIc ;9:3%2 : 1)
GI o
Where
ﬁh = Mass flow rate of geothermal: water
*ﬁc = Mass flow rate of saline water |
TGI = Inlet tempefature of‘gebthermal water,
Tg; = Inlet temperature of saline water
To = Qutlet temperature of the mixture
Since
EL/MC = 1/3, we obtain
1= 3(To—68)
(l&O—To)
or

T = 86°F (30°¢)

NOTE: From the process schematic (Figgre 18) it can be seen that the
saline water which enters the nth stage is lower in temperature
than when it leaves the lst stage due Eo heat transfer from
condensing steam. In our calculations, we let the value of

TSI equal to the saline water exiting the lst stage.

The heat required to bring the temperature of saline water from

68°F (20°C) to-482°F (250°C) is given by "q":

q =h, C (482-68)
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“Now
o 3 - 3.,
M, = (10 MGD) 1 ft (p (1bm/£ft”))
\ 7.48 gal
Cp = heat cépaéify‘(Btuylbm-oF)’
p = density (1bm/ft3)
Here .
cé = 1.0 Btu/1bm-°F

O ..
(|

'62.0 1bm/ft>

q = (10x10%) (1/7.48) (62.0) (1.0) (482-68)

q ='3;43x1010:Btu/D3y1

Since in the present case the water has already been heated up to

’ "Tc" by using geothermal energy as preheat, theé energy savings is given

1] "

by “q

-
]

(10x10%) (1/7.48) (62.0)‘(T°-685

86°F (3o°c) ,

o
0

(10x10%) (1/7.48) (62.0) (86-68)

=)
L]

9

q_ = 1.49x10” Btu/Day

Percent savings is:

Percent savings = (qs/q)XlOO

= 1.49x109

3.43x101°

X100 = 4,34%

Using the above procedure, the énérgy savings and percént savings

~ are also calculated for various cases where for a 10 MGD product water

’capaCity, the effect of both a .75 and 0.50 ratio geothermél water to

saline water were calculated for geothermal feed temperature of 140,
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194, and 248 (OF) and saline feed temperatures of 70°F and 90°F. These

results are reported in Table 3.

Case 2 -~ Desalination of Geothermal Waté:.Alone - =
Using the methods outlined for Case 1, for a liquid feed at a

temperature of 120°¢ (248°F), the amount of heat energy saves is
7 10
q = 8.289X10 (248-68) = 1.492X10 (Btu/Day)

Hence the percent of energy saved due to the use of geothermal

energy is:

1.492x10"%100 = 43.477

3.432X1010

percent of energy saved =

Conclusions and Recommendations

We find through our analysis that the use of geothermal waters
can indeed reduce the energy costs for the distillation (MSF) process
up to 43%. It has been shown (Clark,et. al., 1969; Prehn, et. al,
1970) that the operation and maintenance costs éccount for 66.4% of the
total costs, and that steam costs account for 54.25% of the operating
and maintenance costs (or 36% of the total). Thus we can see that the
use of geothermal energy has the potential for decreasing the total costs

by as much as 15% (43% of 66%).
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If"(; r - & r. . e [ r_e._ r r r r »(i r
TSI (°F) Mh/M TGI  (oF) T (Mix) (Btu?bay) (Bt37Day) % Energy Shaviﬁg3~

70 0.50 140 93 3.42 1.91 5.58

70 0.50 - 194 111 3.42 3.40 | _9.95

70 0.50 248 129 589 3,42 14,32

705 0.75 140 100 2.49 13;42 7.28

70 1 0.75 194 123 4.39 % 3.42 12.86

70 075 248 1&6 6.30 3.42 18.45

% 0.50 140 108 1.38 _3.25 4.26_

9 0.50_ 194 125 2.88 3.25f‘ 8.85

90 0.50 248 143 4.37 M 3,25 13,45

90 s 140 TN 1,77 3.25 5.46

90 075 194 135 3.70 3.25 11,38

90 0.75 248 158 5061 3.25 17.27

Table 3.f‘Enérgy saving calculations for the "worst: case"..
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Figure 19 !Location of known thermal wells and associated thermal areas
, in New Mexico. - ' N
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CHAPTER 4 N \'{*‘A%\ ‘ .

POTENTIAL GEOTHERMAL DESALINATION SITES
‘ co IN NEW MEXICO - o

Initial Screening

For the purpose of analysis of site—specific geothermal desalination

_ potential in New Mexico, the state has been divided into five

’ regions (Figure 19) These are, the Southwestern Mountains Upper

Tularosa Ba51n, Lower Tularosa Basin, Rio Grande Basin and the North—

western Plateau. Tests performed at the East Mesa Test Site (Imperial

‘

Valley, California) indicate that no corrosion has been observed from

geothermal brines ranging in temperature up to 180 c (350 F) and with

salinities of 2000 ppm to 5000 ppm total dissolved solids. Tests also
show that "threshold" treatment with amino—methylene phosphates (AMP)
prevents silica scaling thereby eliminating pretreatment (Bechtel, 1977).

On the basis of known salinities of groundwater, most thermal water . in

the five areas should contain between 3000 to 10 000 ppm total dissolved

'solids (kelly, 1970, McLean 1970) Estimated temperature of geothermal

water ranges from 30 C to 120 C (86 F 248 F) with most common values

below 60 C. The estimated temperatures and salinities of the thermal

»waters in New Mexico indicate that most probably pretreatment of these

thermal brines will not be required unless excessive concentrations
of silica are found.

Out of the five regions 1isted above and shown on Figure 19 the

Al

~ southwest mountain region is eliminated from consideration on the basis

”of abundant availability of fresh water and therefore no apparent need

for desalination. The other four regions are considered below for their

suitability as potential geothermal desalination sites.
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" Rio Grande Basin. A water resource study done in the Rio Grande

Basin indicates that this area containsabundantsupplies of both fresh

and saiine water (Kéliy, 1970). A crbss-séétion of‘this basin showing

;hé aﬁproximate depth and quaiity of the groundwatef is presented ih
Figure 20. This study estimates that the thicknésses of the fresh ﬁater
ivary betweén 900 m-1200 m (3000'f£—4000 £5) in the middle b;sin near
Albgquerque to 2400 m (8000 ftj inﬂthe uppef basin ﬁear Taéé.‘_fhe
extensive fresh water aqdiférs in this basin afe directly attribﬁted to
the yearly recharge by the'Rio Grandé. Tﬁe study also estimateé théﬁ
these fresh water aquifers are uﬁé@rlain by eiténéi?e saliné water aquifers
of appfoximately the same thickness, 900 m~-1200 m (3000 ft?4000 ft).‘
-Because the ffesh Qatef resources of this aréé are so extensiﬁeyénd more
easily accessible than the saline ﬁater resources, ﬁhis area has a minimal
need for desalination.

A small potential for desalination in this area is the Rio Grande
itself. The salt content ofAthe‘Rio Grande has continued fd increaée over
the past few decades.as the amount of land undér ifrigation and the aﬁounf
of inorganié salts used as fertilizers has continued té increase (USGS,

1970; USGS, 1965; USGS, 1961).

Upper gnd Lower Tularosa Baéins. The Tularosa Basin is a bolson,
bounded by the Organ and Sén Andres Mountains on the wést and the
Sacramento Mountains on the east (Figure 21). ‘This basiﬁ e#tends nérth—
ward from the Texas-New Mexico state line for 250 km (150 miles) and is
u; to 75 km (45 miles) wide. Because of the geolégy of this,bééiﬁ there
is no surface water outflow‘and all sﬁrface water inflowreither évaporates
or infiltrates into the soil. For fhis reason, the water is typically

saline and the entire basin is underlain by‘extensive aquiferé (Kelly,
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1970 and McLean, 1970). A typical cross;section of the Tularosa Basin
is shown in Figure 22 which shows the extent of the fresh and saline
water resources of this area.

Studies have indicated that‘only‘about"O.ZZ of the water in the basin
is fresh and is foundwonlyrat-the é&ges ofhthe baain at the edges of
the mountain ranges'(Kelly,fl970).‘ Most'otvthe water in the basin,
approximately 98%, is classified as brine~sinee it contains over 35,000 ppm
TDS. About 2% of the water, or 12 million heetare—meters (95 million
acre-feet), containa 1000;ppm:to 35,660 ppm fDSr(Kelly, 1970).. Throughout
the basin thevwatergtableiis betwefn 50 m and 150 m (166 ft and 500 ft)

below the ground surface, which makes the water easily accessible

(Relly, 1970.and McLean, 1970).

The limited fresh water resources of the Tularosa Basin indicate

‘a need for new sources of fresh water. Though most of the saline water

in this basin is brine and difficult to desalinize, sufficient quantities
of slightly saline, and moderately saline water, are available to allow
for more efficient large scale desalination.‘

Northwestern Plateau.“ The fresh water resources in the north—

: western corner*of New Mexico are somewhat limited. Fresh groundwater

" is more abundant in the northern section due to recharge by the San Juan

River, wh11e in the Gallup-Grants area the fresh groundwater supplies
are just adequate for present consumption (Morris, 1971 and Le Gros,

1970).v The San JuaniRiver,has some~unappropriated water‘whieh could

Ppossibly be used to supplenent7fresh water supplies in the northwestern

plateau. In contrast to the amount of fresh water resources in this area,
the northwestern corner of New Mexico is underlain by extensive saline

water resources, as shown in Figure 23. Almost all of the northwestern
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plateau thermal area is underlain by moderately saline water aquifers
~ up to 1500 m (5000 ft) thick, starting only 150 m (500 ft) below the

ground surface (Kelly, 1970).

Areas with Need for Additional Water

The final conéideration'in évalﬁatihg fotential geothermal désalination
sites is the expected increase in water consumption in'the area caused
by increases in population and industry. ,As}preQiously mentioned, only
thg Rio Grahde Basin has abundant fresh waterkresources. If there is
no expected increase in wéter consumption in therfhree rgmaining areas,
then tpe additional fresh'water pé%vided by desalination will not be
ﬁeeded. /Therefore, the remaining fhefmal areas will'be further evaluated
with respect to expected increased water demand to determine the final
geothermal desalination sites..

Upper and Lower Tularosa Basins. The upper Tularosa Basin is primarily

a grazing area with small communities, such that a large increase in
water consumption is not expected. In the lower Tularosa Basin the
larger population centers of Alamogordo and El Paso are expected to
continue to grow (Lansford, 1976 and Stucky, 1971). Also in the lower
Tuiarosa Basin the city of Tularosa has one of the lowest qualities of
drinking water in the state with approximately 2000 ppm TDSV(Morris,
1971). Both Alamogordo and Tularosa receive fresh water from wells in
the Tularosa Basin and the nearﬁy mountains. These sources of fresh
water are almost completely appropriated and other sourcés are not
readily available (Lansford, 1976 and Stucky, 1971). The El Pasowérea
obtains its fresh water’sﬁppiies from the Rio Grande Basin, either as

surface water or groundwater. The surface water supply is limited and

increased growth will require additional groundwater supplies. - A large
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desalination plant in théffower Tularosa Basiﬁ%céuld provide fresh
water for these three areas and may indeed be more economical than

developing other distant sources‘of fresh water.

Northwestern Plateau. This area will probably experience the
largest growth;rate in theustate'and will’therefore have the mostl
significant need for the development of fresh water resources..'As:
energy production becomes moreﬁimportant, this arearwith vast coal fields _
and uranium deposits willfcontinue to expand indnstrially in mining

nd in population (Bur. of Rec., 1976) The cities expected to realize
most of the growth are Farmington,.Gallup, and Grants, the largest cities
in the area. Farmington should be able to meet the expected increase

in water consumption because of abundant fresh water resources in the
area. - A large growth at Gallup and Grants, however, could severely
deplete fresh water supplieS'in“these two cities; The water. requirements
of increased. industry and mining in the area must also. be met. A large
desalination plant in either or both cities could provide fresh water

for industrial, mining, and municipalxconsumption.

Regions with Greatest Potential for Geothermal—Desalination

Each potential geothermal desalination area 'in New Mexico was

‘evaluated for the quality and quantity of the geothermaliwaters, the

availability of fresh and saline water resources, and the expected

population, industrial and water consumption trends. A summary of

the evaluations of the final site selections is presented in Tables

4 and 5.’ On the basis of ‘this analysis, five potential geothermal

desalination sites are selected. These are shown in Figure 24.
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GEOTHERMAL DESALINATION SITE SELECTION FACTORS

SITE — . —
- i GEOTHERMAL -~ . INADEQUATE FRESH  EXTENSIVE SALINE  EXPECTED RAPID

WATER RESOURCES WATER RESOURCES WATER RESOURCES - GROWTH

Northwestern P]afeau}.if»

Farmington : ;:L,f " X_ X X
Aztec = L X X X
Gallup RS X X - X
Grants SR X X X

Rio Grande Basin S | o
Taos X BT : X:
Albuquerque - X o W X X

~ Sacorro X , ‘ X - ,

TorcC X o X b

Tularosa ﬁasin _f i, S f; : i
A]amogdde- 'S X ¢ X X 6
Carrizozo X X R el
Tularosa X X X

X X X

El Paso

X Denotes positive factor forwggothermal site selection.

Table 4. . Evaluation of different sites in New Mexico as potential geothermal desalination sites.




NORTHWESTERN PLATEAU THERMAL AREA

Gallup Expected large growth due to increased coal mining
' Inadequate water supply for large populatxon growth
Extensive saline water resources
Possibly share expenses and product water from
desalination with industry
Close proximity of thermal and saline water to city
. Grants Expected large growth due to increased uranium and
' coal mining
Possible critical demand on the water supp!y ifa
large population growth ‘
Extensive saline water resources
Possibly share expenses of desalination w:th uranium
industry 2
Close proximity of thermal and saline water to city
RIO GRANDE BASIN THERMAL AREA
~Truth or Possible salt reduction required in Rio Grande River
Consequences in the future :
Elephant Butte Reservoir provides constant mtake
water source
Extensive thermal water resources nearby
LOWER TULAROSA BASIN THERMAL AREA
Tularosa Expected continued growth rate
Alamogordo Minimal fresh water rasources : ,
El Paso Most extensive saline water resources in the state -
Extensive thermal water resources
Possibly share expenses between the three cxtles
for a large scale desalination plant.
Table 5. . Final geothermal desalination site selections w:th evaluation

summaries.
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Geothermal Hydrology of 'the Selected Sites

The geothermal hydrology of the final geothermal desalination sites
is probably the most important consideration in establishing the locations‘
of‘geothermaI;‘saline;'and brine disposal wells in these areas. The
‘hydraulic5characteristics‘of the aquifers in these areés‘govern the
number, depth, 'and diameter,‘and'therefore“the cost, of each type of

well -drilled. To estimate the projected cost-of geothermal desalination

- in each area, the groundwater hydrology of the area should be understood

- as much as possible. Unfortunatley,vthis is difficult since the two major

resources that will be brought into production, thermal and saline waters,

- have until: recently ‘been considered nuisances ‘and aquifers containing these

types of water were usually plugged off. Because of the rather limited

-knowledge of the groﬁndwater’hydroiOgy of these -types of_aquifers, the

.. ‘hydraulic properties will be given as ranges. - Combinations of the ranges

of these hydraulic. properties will give a better idea of the possible
variance which can be expected in producing a particular aquifer.’
Gallup: The Gallup area has been previously considered as a potential

desalination site (Le Gros, 1970). In that study, the potential saline

water recovery and disposal wells were located north of ‘Gallup. Recent

work,(Chaturnedi,:unpublished data)-indiCates"the‘breSencé‘of‘geothermsl
resource near Gallup ‘(on‘e well east of Gallup sﬁows' 63°C ‘temperature at’
1800 ft).

According to Le Gros (1970), the most easily accessible saline water

in the Gallup area occurs.in the Dakota and Westwater sandstones and the upper

Morrison, at a maximum depth ‘of 1525 m—600 m (1700 ft—ZOOO ft).. The water

has -greater than 1000 ppm TDS, "and probably ranges up ‘to 3000 ppm TDS.

The combined aquifer is over 150 m (500 ft) thick, is relatively porous,
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and has pumping capabilities as high as 2800 1/min (700 gal/min). ' b

The combined aquifer characteristics are listed in Table 6.

—

The estimated temperatures of thermal waters in the Gallup area

r—

at a depth of one km (3300 ft) are between 30°C-70°C (86°F—150°F). The

average temperature at that depth is approximately 50°¢ (122°F), and the

r—

number of thermal wells indicate an extensive thermal aquifer. A new

well field north of Gallup has produced high quality water from a thick

r—

-sandstone aquifer at this depth. Le Gros (1970) predicts the net thickness

of this aquifer to be 150 m - (180 m (500 ft - 600 ft), at a depth of 1000 m -

r

1300 m (3300 ft - 4250 £t). The punping capacitycexceeds 2800 1/min
(700 gal/min). The combined sandstone aquifer characteristics are listed
in Table 6. |

Grants: In fhe Granfs area, most geothermai wells are located
northeast of Grants, while the extensive saline aquifers are located north
of Grants. In addition, there are persistent but as yet unconfirmed
reports of high temperatures encountered in several of the recently '

drilled exploration wells for uranium in the area.

rr rr rr r rr

The Gallup and Grants areas have approximately the same geology
and similar geologic formations. Because the actual aquifer characteristics

are not known and are listed as ranges, the same aquifer properties as

r

Gallup will be used for this location. The Grants area has an added

consideration in supplying feed water to a desalination plant. It may
be mors economical to buy excess water from nearby uranium mine dewatering

systems and desalinize it, than to pump saline water and desalinize it.

™ F

In thiSVCase, only the available quantity‘of,water needs to be known.

r—

Crudely estimated temperatures of the thermal waters in the Grants

area at a depth of one km (3300 ft) are between 30°C-50°C (86°F-122°F), \_;
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Table 6. Saline and geothermal process water aquifér‘probekties for
R potential geothermal desalination sites in New Mexico. .
SRR S : ' Saiine and Geothermal Process Water Aquifer Properties , -
Plant Location Average ' - Average . = Average Average  Maximum Water Temp
-and Type of . - - Depth - - = - Thickness Porosity Permeability Pumping Quality
- Aquifer m(ft)* . m (ft) Z ~ MPD (FPD) Capacity Coge/V
' ‘ ‘ L . | | o pM (GPM) SRR R
GALLUP - GRANTS S .
Saline - 525-600 150 - 20 .0864 2800 S 1-3
U IEN AR S (1700 2000) = (500) = (.29) (700) o o
Geothermal -~ 1000-1300 - 150-180 20 .0864 2800-4000 - 1-3 30-70
e - (3300-4250) (500-600) (. 29) (700-1000) A L
“Geothermal =~ - 1000-1100 300 10 0.864 -2000-2800 1-3 60"
K L (3300-3600) - - (1000) {2.9) (500-700) : SR
TULAROSA BASIN ) R o
~“North-Saline - 150 -~ 200-300 8 2 1200-2800 3-10
South-Saline. ~  (500) {660-1000) (6.6) (300-700) -3 -
North—Geothermal 1000-1200. -~ 100-3200 1-2 "1200-2800 ~ 3-10 50
g (3300-4000)  (330-1000) (3.3-6.6) (300-700) ‘ PR
South Geotherma] 150-200 = 100-300 1-2 -1200-2800 3-10 50-70
. o (s00- 650),“ p(330 1000) (3.3-6.6) (300-700) . ‘ ‘

'- Numbers in parentheses are in the given English System units
m - meters, ft - feet, LPHM - liters/minute, GPM - gallons/minute, gm/l - grams/ltter

MPD - meters/day, FPD - feet/day




with an average temperature of approximately 45°C'(113°F). Because of
" the similar geology and similar temperatures of this area and the Gallup
area, the same thermal aquifer properties have been assumed

Truth or Consequences: The most logical place for a desalination

plant to improve river quality would be on the river at a reservoir so
‘that a constant source of water is available. This condition exists

at Elephant Butte Dam, 5 km (3 miles) east of Truth or Consequences
(T ‘or C); Assuming smaller‘cuanties‘of geothermal(water.are-needed for
desalination, it would be easier to locate the plant at T or C and pump
the geothermal water to theiplantﬁ .

_Elephant Butte Reservoir has a‘capacity of approsimatley 0.26
- million hectare-meters (2 million acre-feet). Even filled to one;half
capacity this reservoir is capable of supplying sufficient water supplies
to operate a desalination plant of the size now being built onrthe
Colorado River. .

The estimated water temperature of the thermal water in this’area
at a depth of one km (3500vft) is at least 60°C (130°F). 'For wells in
the,extensive Rio Grande Basin, high porosities andipermeabilities are
common and maximum yields should be between 2000 l/min—28b0 l/nin
(SOO gal/min-700 gal/min) (Kelly, 1970)5 The estimated thermal water
quality is_between 1000-3000 ppm. The thermal aquifer‘characteristics
are‘listed'in Table 6. )

Lower Tularosa Basin: The Tularosa Basin has extensive saline water

resources andithe location of the saline water well field can be shifted
considerably‘without affecting the yields significantly. Therefore,
these saline water well fields should be located near a thermal source

and in an area with the‘lowest salinity groundwater; ‘Known thermal wells
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are located in both the northern an& southern ﬁortions of ;he‘Lowerr
Tularosa Basin. ABecaﬁse‘of’the 1qcations of these thermal wells, two.
well field locations havé-been chosen. The solifhern well field is
appfoximately 100 km (60 miles) south and Zb km (12 miles) west of

Alamorgordo, i.e.. 45 km (27 miles) east and 35 km (20 miles) north of

“E1 Paso. A large scale desalination plant in this acrea could supply

water to both cities. The northern well field is approximately south

~ of Alamogordo.

The southern well field is in an extensive aquifer of slightly
saline water, (1000-3000 ppm), EeEyeen 100 m - 300 m (330 ft - 1000 ft)

thick at a depth of only 150 m (500 ft) ‘(McLean, 1970). The northern

‘well field is in an aquifer of moderately saline water, (3000-10,000 ppm)

(McLean, 1970). Transmissivifiés in the basin range from 100 m2/day-
200 m2/day (1100 ft.zlday-ZZOO ftzlday) at the center of the basin up
to 400 mzldéy (44,000 ftzldéy) at the edges of the basin, while specific
yields range from 6% to 10%Z (McLean, 1970). Maximum yields range from
1200 1/min-2800 1/min (300 gal/min—?OC gal/min)'(Kelly, 1970 and McLean,

1970). The saline aquifer characteristics of the two well fields are

- listed in Table 6.

The estimated temperatures of the thermal waters in this basin are
50°C—70°C (122°F-158°F)»in the southern portion, and 50°C (1229F) in the
northern portion.' In the southérntportioﬁ these thermal waters are at

a depth of only 150 m (500 ft), while in the northern portion these

-temperatufes'arerestimated for a dépth'of,one km (3300'ft).‘ The .thermal

aquifer characteristiééwshould be similar to the saline aquifer character-

istics,.withvtha‘only differenée«being<a'slightly*higher.salt;cgptgnt;‘_

. The thermal_water_aquifer-charactéristic§ are also listed in Table 6.

63;




| -4 -1 . & . % _ & _. B . 42 _.} A AR .2 . B __ & _ &% _ 2 _ A _1 '3} __1}

) J



r rrr e

—

- CHAPTER 5.

SALINE AND GEOTHERMAL AQUIFER WELL FIELDS DESIGN

.. Introduction -

The size and efficiency of a desalination plant and the type .of -

‘l.geothe:mal distillation process used determine the quantities of saline

and geothermal process water required ‘and fresh product water obtained.

- The quantities. of saline ahd geothermal water .required and the hydraulic

properties of these aquifers determine. the size and-areal exténtvof the

process water supply sYstems or wg}l fields. -These supply systems can

sigqificantly affect the.cOSt'of;@esalination,,and therefore must be

propegly:designed.»,TO;obtain,an,accﬁrate estimate of :the well fields

- required for multiplevtypés of geothermal desalination  processes,

various plant sizes, ratios of geothermal water .to saline water, and

- sustained pumping rates will be considered.

Plént éizés-éhd Prﬁce;s WétéfvReéﬁiréﬁéhfg7.
'/1Aftér’céﬂsidéfi;érthé1§feséﬁt'ﬁg£é£onnsuﬁptionrtfen&s in eacﬁ 6f

the four desalination afeas,!four desélinatioﬁipiant éépééitieg wéré

chosen: 4.0 MLD, 20 MLD; 40 MLD, and 80 MLD (1.0 MGD, 5.0 MGD, 10 MGD,

agd 20 MGD, :espeqtively)}r The large scale ﬁlanté,were Consideted

‘,specifically‘for thé Lower Tularosa Basin south field and the T or C .

area, where large qpaptitiesnpf saline water are easily available and -

_la;gnguantipiés;ofdfresh’wate:(are needed. The smaller size plants

can be;psed‘for,githe: municipal or industrial or combined municipal-
industria;;cqnsumptipn;lg_
The ratios of geothermal water to saliné-wateraconsidered are based

on the most probable diétillation processes.. The maximum thermal water
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requirement would equal the plant capacity if the plant were designed to
desalinate only the geothermal water, as is presently done at the East

Mesa Test Facility (Bechtel, 1977). The lowest range assumed possible, due

r— r

to the low temperatures determined, is a ratio of one to five, géothermal
water to saline water. |

The maximum pumping capacities-fof the saline and geothermal aquifers -
at each desalination site are listed in Table 6. ThevsuStained pumping

capaéities are primarily a function of the thickness of the aquifer and

the period of time the well is continuously pumped. Therefore, for

L

shallow aquifers,  the sustained pumping capacity could be significantly
léwe;-than the maximum ‘pumping cépacity."For this reason the sustained
pumping capécities considered vary from 800 ‘1/min to 3600 1/min (200
gal/min-900 gal/min).

Table 7 shows the number of wells required for both the saline
and geothermal aquifers for different plant sizes, rétios of geothermal
water to saline watek, and sustained pumping rates. The numbér of wells
required includes one auxiliary well, such that production capacityAis |

%
not lost during wellgrepair.

Well Field Sustained Pumping Capacities and Drawdowns

From the information in Tables 6 and 7, the saline and geothermal

well fields for eachldesalination site can be designed. With the number

of wells required and aquifer hydraulic characteristics known, an array

can be chosen and thé weli field drawdowns calculated for differént well

spacings andfsustainéd pumping rates.. The most widely used unsteady

r- r— r - r- > o

state drawdown equatﬁon for a single well was introduced by Theis (1935)
|

and Wenzel’(1942) ané is given below:

C
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 TABLE 7. Number of weils required for various saline and geothermal aquifers
S for different plant sizes, ratios of geothermal water to saline water,
nd sustained pumplng rates ; :

Number of Wells Required

~Plant Capacity

C4mD . 20MD  © AOMD 80 MD
oS  (LMeD)*  (5MeD) _ (10MGD) . (20 MGD)
 SALINE WATER R Swe o E T B !
© PUMPING RATES _ RO _ | | |

800 LPM (200 GPM) 5 v 3% 1 5
1200 LPM (300" GPM) e 3 25 . . 18
2000 LPM (500 GPM) 3 8 1 29
2800 LPM (700 GPM) 2 6 W 11 21
* 3600 LPM (900 GPM) 2 5 9 17

GEOTHERMAL WATER |

PUMPING RATES
"No Saline Water =~ T ' S : . el
© Required . sAs sAs . SAs S sas
Ratio 1:5 . -
800 LPM'(éoo'Gpmg‘ 2 5 8 15
1200 LPM (300 GPM 2 ! 6 11
2000 LPM (500 GPM) 2 2 3 6
2800 LPH (700 GPH) 2 2 3 5
3600 LPM (900 GPH) 2 2 3

f Numbers in parentheses are in the given Eng]ish System units
MLD - million liters/day, MGD - million gallons/day :

LPM - liters/minute, GPM - gallons/minute

SAS - same as saline wells

U S )




Q © ' gdu , _
hl = e — (5'1)
e O |
4Tt ’ _
h' = _Q w) o (5.2)
4aT S : :

where h' is the drawdown, Q is the well discharge, T is the transmissivity,
r is the radius at which the_drawdown is determined, S is the storage
coefficient, t is the time since pumping began, and W(u) is the we11 
function, which is equal to ihe integral in Equation 5.1. ’USing;the,theofy
of superposition, the drawdown at any point in a well field would,equalv
the summation of the dfawdowns at‘;hat point of each well in?the field.

. ¥ ,
The equation for the drawdown at any point in a well field can therefore

be written:

n n :
h=zIh'i=% 4—‘31— W(ui) : C(5.3)
1=1 - 4w T

where h is the total drawdown at a particular point, h'i is the drawdown

at that point due to the ith

well, Qi is the discharge of the ith well,
W(ui) is the well function of the ith well, and n is the total number

of wells in the field (Viessman, 1972 and Stucky, 1971). Using Equation
5.3 and well spacings of 400 m (0.25 miles), 800 m (0.50 miles), 1600m
(1.0 mile), and 2000 m (1.25 miles), and the number of wells requifgd_for
- each pﬁmping rate, the maximum drawdown for the life of a desalinaﬁion

- plant, 30 years, for each well field can be calculated. From these

calculations the most feasible size plant for each area will be chosen.

Gallup and Grants: The saline and geothermal aquifers in the Gallup

and Grants areas have essentiélly the same hydraulic characteristics.
Thé‘low ﬁérmeabilities'and relatively shallow thicknesses cause substantial
~ drawdowns for high pumping rates. The maximum allowable sustained

- pumping rate for these aquifers is 800 1/min. (200 gal/min) at a well
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jspacing of 2000.m (1.25 miles), which makes only small scale plants

~fa<

cfeasible;for these .areas. The maximum drawdounstor both saline and
geothermal~aquifers for 4.0 MLD'(l;O MGD) and 20.0 MLD (5.0 MGD) plants
are 102 m (330 ft) and 104m (340 ft), respectively.

< Truth -or Consequences: ' Due tOfthexlarge'quantities'of'fresh7water

‘needed to reduce the salinity of the Rio Grande, only theulsrge scale,
80 MLD (20 MGﬁ) plant will be considered.- BecaUse.of*the~relatively
thick aquifers in' the Rio Grande.Basin and the higher permeabilities,
higher sustained pumping rateS'and:closer well spacings can be used
‘in,this,area.' At a sustained pumping rate of 2800 l/m (700 gal/min)

and:a well spacing of 400 m (one-quarter mile), the drawdown for a one

- to five ratio geothermal water to saline water plant is 100 m (330 ft).

For a-plant using a one to one-ratio,:the maximum drawdown is 220 m

(660 ft).

Lower Tularosa Basin: In this area two separate plant site locations

have been considered. The hydraulic characteristics and aquifer thicknesses

of both locations are very similar, though the size of the nlant at each

location will differ. The southern site will be considered for a high
production plant of either 40 MLD (10 MGD) or 80 MLD (20 MGD) to supply

fresh water:to both Alamogordo and El Paso or possibly only El Paso.

The northern site will be considered for a medium size plant of either

20 MLD (5 MGD) or 40 MLD (10 MGD) capacity to supply fresh water to

Alamorgordo and Tularosa.

Because of excellent hydraulic characteristics and extensive and
thick aquifers, both the north and south saline water well fields can
be pumped at higher sustained rates and at closer spacings. The northern
field can be pumped at a sustained rate of 2800 1/min (700 gal/min) and

at a well spacing of 400 m (one-quarter mile) with maximum drawdowns of
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24 m (80 ft) and 40 m (132 ft) for'tﬁe 20 MLD (5 MGD) and 40 MLD (10 MCD)

plants. Thé'southern field can .be pumped at thevsame sustéiﬁéd'éapacity

and well spacing with a maximum drawdown of 56 m (185 ft) for the 80"

MLD (20 MGD) plant. | |
The geothermal aquifer;drawdowns can«be}expeéted to be about ‘the

same as the saline aquifer 'drawdownsbfor the desalination process

requiring only geothermal water,,éince;the’aquifer characteristics and

the number of wells required are the same. Assuming the same pﬁmping

rates and well spacings as the saline aquifers, the maximum drawdowns bf

the geothermal aquifers at a one tp five ratio geothermal water to saline

water are 10 m (33 ft); 15 m (48 ft), and 20 ﬁ-(66 ft) for tﬁe 20 MLD

(5.0 MGD), 40 MLD (10.0 MGD), and the 80 MLD (20.0 MGD) piants, respectively.
A summary of the maximum drawdowns for the saline and geothermal

aquifers for the most feasible plant capacities at each potential geothermal

site is shown in Table 8.
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(] TABLE 8. Maximum drawdowns for saline and geothermal aquifers at
= ‘ ~ each potential geothermal desalination site in New Mexico.
LJ I Sustained ' ,
. Plant Location Plant -~ - Pumping = -~ Well" = Maximum
- : and Type of Capac1ty . Rate © Spacing Drawdown
. - Aquifer MLD (MGD)* : LPM (GPM) m (ft) m (ft)
GALLUP - GRANTS B | ,, |
b Saline Aquifer 4.0 . 800 (200) 2000 (6600) 102 (336)
, : - 20 800 (200) 2000 (6600) 104 (340)
el Geothermal Aquifer 4.0 (1.0) 800 (200) . 2000 (6600)- 100 (330)
| Ratio 1:5 Geothermal 20 (5.0) , 800 (200) 2000 (6600) 200 (330)
. to Saline Water . e S I R
~ Geothermal Water . 4.0 (1.0) 800 (200) 2000 (6600) 102 (336)
| Only 20 (5.0) . 800 (200) - 2000 (€600) . 104 (340)
- TORC | -
" Geothermal Aquffer o i Lo L ,
Ratio 1:1 Geothermal - 80-(20) 2800 (700) - 400 (1320) 220 (660)
_ to Saline Water A o ,
CE Ratio 1:5 Geothermal T e S
: ~ to Saline Water - 80 (20) 2800 (700) 400°(1320) 100 (330)
. TULAROSA BASIN |
: "saline Aquifer 20 gs) 72800 (700) 400 (1320) 24 (80)
h v , ‘ 40 (10) 2800 (700) 400 (1320) 40 (132)
: ' 80 (20) 2800 (700) 400 (1320) - 56 (185)
i} Geothermal Aquifér 20 (5) 2800 (700) 400 (1320) 10 (33)
Ratio 1:5 Geothermal 40 (10) 2800 (700) 400 (1320) 15 (43)
. to Saline Water - .80 (20) . 2800 (700) 400 (1320) 20 (68
A Geothermal Water 20 (5) ~ ..2800 (700) 400 (1320) 24 (80)
- GOnly © 40 (10) 2800 (700) 400 51320) 40 (132)
U ' 80 (20) 2800 (700) 400 (1320) 56 (185)

- Numbers in parentheses are  in the given English System units.
u MLD - million liters/day, MED - m11]1on ga]lons/day
. m - meter, ft - feet
LPM - liters/minute, GPM - gallons/m]nute -
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Figure® 25

—60—  NET LAKE EVAPORATION IN IN/YR

—--—  COUNTY BOUNDARIES

Average net lake evaporation in New Mexico. ¢+

(Source: Bur. of Rec., 1976)
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. #4435, CHAPTER 6 -
. GEOTHERMAL DESALINATION PLANT WASTE BRINE DISPOSAL

Introduction - -

‘~A:by—product,ofiall'desalination plants is”arusually»highly saline
brine. Disposal of this brine poses serious environmental and economic

problems. Environmentally, proper disposal of this brine is required

“to prevent contamination of:any‘fresh surface water or groundwater

supplies. Economically, the requirement for proper disposal and the

: extremeiy‘corrosive nature. of theiﬁrine'ﬁéke'disPosal usually‘very

~costly. . . e o

: Various,methods have been considered to solve. the problems of brine

disposal. Such processes as evaporation, subsurface injection, refriger-

ation, and mineral recovery have been evaluated (Lansford, 1976; Morris,

--1971; Dow Chemical, 1970 Ganiaris, 1970' Keyes, 1970; Le Gros, 1970;

Riley,. 1970; Standord 1970, Boegly, 1969, De Puy, 1969 Le Gros, 1969)

Evaporation andsubsurfaceinjection are the two most popular methods of

‘ disposal while refrigeratiou and mineral recovery are relatively new

methods of disposal. Refrigeration is more expensive than the other

disposal processes, and mineral recovery is only applicable in. very
,tslarge capacity plants (Lansford 1976 Dow Chemical 1970) Studies

.have indicated that brine disposal by evaporation is only feasible in

'areas»with over approximately 80 cm (30 in) ‘net evaporation per year

; (Lansfor&;°i§76§’Le éros,11969):.'Tﬁe;everagedﬁet iake‘evaporatioa ip'

New Meiico’isJShowh iﬁ‘Fiéore 25. This figﬁre:iﬁdicates'tﬁatitﬁexareas

under consideration as desalination sites have adequate net evaporations

’tfor this process ‘to be feasible. The most common disposal process for
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brines is subsurface injection, which has been successfully used for over

C

-

60 years in the oil fields "(Boegly, 1969). This process is most widgly

used because most areas do not have enough net evaporation in a year to

r

effectively dispose of the brine by evaporation. Also, most states .
vfequire injection to guard against possible fresh water contamination
(Le Gros, 1969). |

In this study three methods of brine disposal will be considered:
evaporation, subsurface injection,'and combined evaporation’and:injection.
The number of evaporation ponds or injection wells needed at each site
will depend oﬁ the quantity and.qgglity of the waste brine. . Such factors
as the desalination plant capacity and concentration factor and the saline
and geothermal proéess water quantities:and qualities will govern the
amounts and properties of the waste brine. The relatioﬁship between
these factors will be evaluated, such that each brine disposal system

can be accurately designed.

Geothermal Desalination Waste Brine Quantities and Qualities

In a typical desalination plant, the quantity and quality of the

disposal brine are related to the plant concentration factor as shown

below:

Qbs = Qd/CF | - (6.1)

Cbs = Cs(CF) “ (6.2)

where Qbs is the édline water brine flow rate, Qd is the fiow rate of the

. water to be desalinized, Cbs is the saline brine TDS concentration,

r— r— r—

Cs is the initial TDS cpncentration_of the water tolbe,desalinized,

r

and CF is the concentration factor. If mixing of the high quality

desaliniZed water with the low quality saline process water is considered,

.
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the mixing equation must first be considered. This is given in Equation

6.3

| Qp Cp =Qd Cd + Qnd-‘Cnd S (6.3)

ig7‘ﬁhere‘Qp is the product'ﬁater:flow rate, Qd is the desalinized water

~

flow rate, Qnd is the non-desalinized waterlflow rate, Cp is theinroduct

water TDS concentration, Cd is the final desalinized water TDS concen-

tration, and Cnd is the non-desalinized water TDS concentration, remembering

that: : , : R S
Qs=0d+Qd . L (6.8)
®=Qs-Q@s - F - (6.5
Cnd= Cs | SRR o (6.6)

where Qs is the saline process water flow’rate and Cs the TDS concen-

‘tration. Substituting these values into Equation 6.3, the'following‘

equation can be obtained:

- 0T

e eqallesmed D1 @-co|) 7 e
~ " - ](cs=Cd) ~CF ‘(Cs - Cp) : | ,
4= (M-F)Qs s LT o N o (6.8)

where (MF) is called the mixing factor and is the reciprocal of the

’quantity in brackets in Equation 6 7 Therefore. when considering

\.

| mixing the desalinized water with a portion of the saline ptocessloater,

vthe quantity of brine will be as shown in Equation 6 9.

for mixing Qd - OﬁF)Qs . vabni ' : /, i "‘v_ - (6.8)
and Qbs =(MF)QS/CF ‘ ) o B L 6.9)
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In a geothermal desalination plant, the waste brine is composed;qf
both'saline and geothermal brines. Therefore, the final brine quantities

and qualities are governed by the mixing equation, such that:
Qbt + Cbt = Qbs Cbs + Qbg Cbg R : (6.10)

" ‘where Qbt is the total brine flow rate,~Qbs‘1s the saiine'water brine
flow rate, Qbg is the gedtherhal brine flow rate, Cbt is the total
brine TDS concentration, Cbs is the saline brine TDS concentration,

and Cbg is the geothermalrbrine TDS concentration. Knowing that Qbt =
-Qbs + Qbg and substituting Equation 6.9 into Equation 6.10, the following

~'equation can be obtained for the fotal brine concentration:

cbt = ME)QsCs + Qbe Cbg | (6.11)
(MF)Qs/CF + Qbg

Using Equation 6.11, the quality and quantity of brine can be calculated
for each desalination site for all ranges of plant size and concentration
factor, quaﬁtity and quality of saline and geo;hermal process water,
quality of desalinized.water, and final product water quality. . Table 9
gives the quantities and qualities of brine to be disposed at each
desalination site. The following parameters were used in calculating
tﬁese values from Equation 6.11. The plant sizes and the saline and
geothermal process water quantities were taken from Table 8. ‘The saline
and geothermal process water qualities were taken from Table 6. The
concentrati;; factors for a geothermal desalinaﬁion plaﬁt vary between
two and three (Bechtel, 1977), éo allowing for more efficient précésses,
factors varying from two to four were considered. Theoretiballi: the
final water quality for a desalination process should be’zero.. A recent
study indicates that the final quality of a desalinizéd ﬁater will be

approximately 25 mg/1 TDS (Lansford, 1976). This is negligible when
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TABLE 9 Quantities of hrine and product water and brine qualitics for varying geothermal
and saline water qualities and plant concentratiou factors for a 4.0 mp (1.0 MGD)
geothermal desalination plant. . ‘ :

Desalination Plant Concentration Factors

- g ' 2 S 3 - . L
€g. . Cs agth  Cth o qp oqth o Cth ™ Op- . ", Qth Cth G
g/ ~ qn/l MLD (MGD)*  gm/Y - MLD {MGD) . MLD. (MGD) agm/1 - MLD (MGD)- - MLD (MGD) " gm/1 MD (HGD) e
. Ratio 1:0 Geothermal o 3
to Saline Hater‘ s ‘ L L ‘ 3 _
3 f 2 2.51 (0.62 3.7 2.29 (0.58) 1.89 (0.47;,-‘4.7 2.91 (0.73) -1.60 (0.40) .5.5°. 3.2 (0.80)°
7 2 2.51 (0.62 4.7 2.29 {0.58) 1.89 (0.47 6.4 2.91 (0.73) 1.60 (0.40 7.5 3.2 (0.80)
R 4 - 2.67 {0.67 6.9 2.13 (0.53) 2.02 0.50; “7.7-.-2.28 (0.70) 1.71 (0.43 9.9 3.06 10.77
7 q 2.67 {0.67 1.7 2.13 (0.63}) 2.02 (0.50) - 10.0 2.78 (0.70) '1.71 (0.43) 11.8  3.06 (0.77
3 6 2.71 (0.68) 9.3  2.09 (0.52) 2.06 (0.51).12.2 '2.74 (0.69) 1.74 (0.43) 14.3  3.06 (0.77
- 7 6 - 2.71 (0.68) '10.5 2.09 (0.52) 2.06 (0.51) '13.7 2.74 (0.69) 1.74 (0.43) 16.2 3.06 (0.77)
3 8 2,73 (0.68)--12.2 2.07 (0.52) .2.07 (0.52) 15.9  2.73 (0.68) '1.74 (0.43) 18.7  3.06 (0.77)
7. 8 2.73 (0.68) " 13.4 2.07 (0.52) 2.07 (0.52) 17.4 2.73 (0.68) '1.74.(0.43) 20.5.  3.06 {0.77)
‘Geothurnw] Haler g , .
Only - L ‘ ' : _ : '
3 i 2.0 {(0.5) 1.33 (0.33 9.0 2.66.(0.66) 1.0 (0.25) 12,0 3.0 (0.75)
7 ll 0 2.0 (0.5) 33 (0.33) 21.0 2.66 (0.66) 1.0 (0.25) 28.0 3.0 (0.75)
T a

- Values are based on a mixed. product water quality of 500 mgll.
-NHumbers in parentheses are in the given English System units.
Cy - geothermal water;quality, Cs - saline water quality, Ctb - total brine quality
Qb - total-brine quantily, Qp - product water quantity _
M.D - million Viters/day, MGD - milllon gallons/day
gm/l - grams/liter :

.
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g
compared to the high salt concentration initially found in the saline ; i’
process water, and tﬁerefore the concentration will be considered to K"%'
be zero. The final prbduct water quality can be varied depending on -
the expected usage of the Qéter; Considering the water for municipal L_

usage at Gallup, Grants, and in the Tulardsa,Basin, a final quality
of 500 mg/l was considered. ,COnsideringvthe water for agriéultural

use at T or C, a final quality between 800‘mg/1¥1000 mg/l was considered.

Brine Disposal by Evaporation

Brine disposal by evaporation has been éxtensively studied, and

design parameters for disposal éodﬁs‘essentially completed by previous
workers. The most extensive design manual has been written by the OSW

entitled, Brine Disposal Pond Manual; and authored by Day, 1970. The

following design parameters wérertaken from this manual. .

Pond:
Max. area per pond = 40.5 hectares (100 acres)

2:1

Length to width ratio

1

Freeboard 0.6 m (2.0 ft)

Brine Height 0.4 m (1.3 ft)

Salt accumulation

0 rrmrerrrrr

@30 yrs. = see Appendix, Figure 1
Berm:
Top width =4 m (12 ft)

-Side slopes. = 2:1

—

Morrison, 1971 and 1970, suggests that the only ways to prevent evaporation
pond seepagé‘is to line the pond with eitheér PVC or butyl rubber, since

0il sealant has been shown to be unreliable. Also, in calculating_net?

C
r—.

evaporation, a correction factor must be used to compensate for the
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decrease in the evaporatiaﬁiof saline water relative to fresh water
(De Puy, 1969). Figure 26 gives the decrease in net eVaporationkexpected
due to different qualities of saline water, relative to fresh water

evaporation. From the waste brine data given in Table 9 and the above

design parmeters, the number and sizes of brine disposal'ponds’needed

for each desalination site were calcnlated. These values are shown in

Table 10.

Brine DiSposal by Subsurface Injection

As mentioned earlier, brine injection systems have been success—

R 2
fully used for many years with little fresh water contamination, when

properly designed, maintained, and operated (Wood, 1974). The major

.'problems with injection systems are controlling corrosion and finding

a suitable aquifer for the disposal of the'usually‘highly saline waste
brine,?'Design problems associated with an injection.system include
clogging or fracturing of the disposal aquifer formation. The only
environmental problem associated with a properly designed and operated

system is the possibility that chemicals used in the desalination process,

~ such as for corrosion control or to prohibit scale information, could

- contaminate the disposal aquifer (Bechtel 1977) a3

Before design parameters were established for injection systems

at each of . the desalination sites considered a review of the character-

"istics of. existing disposal systems was undertaken. A short summary of

these characteristics follows.' The injection rates of most brine
disposal wells are’ relatively low, usually less than 1600 l/min (400 gal/
min)(Boegly, 1969) To prevent clogging ofrthe disposal formation,’
most brines are pretreated before injection, usually only consisting of

sedimentation or filtration (Boegly, 1969). One study has shown

A\
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" TABLE 10 . Number of 20 hectare (50 acre) evaporation ponds required for brine disposal for -
~“varfous saline process water qualities, plant. capacities, and concentration factors.
Saline l!atef ~ Plant Nunber of 20 hectare (50 acre) pond
Plant Location Quality Capacity Concentration Factors o
L ~qm/d MLD (MGD)* : 3 ‘ : 4
GALLUP - GRAUTS' ' - J
" Ratio 1:6 Geothermal = 2.0 4.0 (1.0) A 3 3
" .to Saline Hater : L 20 (5.0) 21 16 13
L 4.0 4.0 (1.0) A 3 3
e | s 20 (5.0) 22 7 14
" Geothermal Hater 4.0 (1.0) 3 2 2
Only | 20 (5.0 17 1 9
ToRE "
Ratio 1:5 Geothermal : 2 '
to Saline Hater 1.0 - 80 (20) 68 4 52 44
‘Ratio 1:1 Geothermal S =7 ‘ :
. to Saline Mater 1.0 80 (20) 146 129 122
 TULAROSA BASIN _ o .
" Ratio 1:5 Geothermal 4.0 20 (5.0) 16 13 n :
- to Saline Hater T : 40 (10) - 33 25 21
: : B SR 80 -(20) 65 50 42
6.0 and - - '
. greater 20 (5.0) 17 13 11
: 40 (10) 33 25 22 E
. . g 80 (20) 66 50 43
- Geothermal Water ‘ .
“Only N - 20 (5.0) 12 8 6
o 40 (10) 24 16 12
80 (20) 48 k| 25

«

. * ~ Husbers iv‘n barentheses are in the given English System units,
_l-’a_vl) - million liters/day, MGG - willion gallons/day, gw/V: - grams/liter




that pretreatmeﬁt of desaiination plant waste brines is not required
(Le Gros, 1969). To prevent fracturing of the disposal fofmation,
injection pressures of 0.12 kg/Cm?/m (0.5 psi/ft) of depth greater than
the formétion pressures are normally used (Boegly, 1969). To prevent
corroéion of the injection well, 20 mm (7.5") main casing is used with
the brine injected‘thrqugh cqated tubing. Most of the injection wells

are between 300 m - 1500 m (1000 £t-~5000 ft) in depth (Boegly, 1969).

Brine Disposal Formation Properties. The disposal aquifers at each
of the desalination sites have hydraulic chafacteristics similar to
the saiine water production aquifqgs. The ﬁain différences inrthe two
équifers are the depth and water quality.

At Gallup and Grants,'the Meseta Blanéa and Abo sandstones at a
depth of 1500 m - 1900 m (5000 ft-6300 ft) have been previously used

as disposal aquifers (Le Gros, 1970). These two formations will also

be considered as disposal aquifers in this study. The effective thickness

of these combined formations is betweén 100 m - 130 m (330 ft—430 ft),

with hydraulic characteristics the same as the Dakota sandstone (Le

Gros, 1970); The formation pressure of this confined aquifer is 200 kg/cm2

(2800 psi) (Le Gros, 1970). The combined aqg}fer prdperties are listed
in Table 11.

At Truth or Consequences and in the Lower Tularosa Basin, the
hydraulic cﬁaracteristics of the.disposal aquifers will be. considered
toibe‘the same as the éaline and geothermal water production aquifgrs
becéuse of the extensive unconfined aquifers in these areas. At T or C,
the disposal aquifer considered is at a depth of 900 m (3000 ft) with a

water quality of 3.0 gm/1-10.0 gm/1l, an injection capacity of 2000 1/min

(500 gal/min), and an effective thickness of 1800 m (4000 ft) (Kelly, 1970).
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. TABLE 11 Injected brine dlsposal aquifer properties for potential

geothermal desalination sites in New Mexico

Injeétederine‘DisposaT Aquifer PrOperties

“Average  Average Average “Average Tnjection.

: i R Natér
- --Plant Location = Depth. Thickness ‘Porosity . Permeability Rate - Quality
‘ e om (ft)* 0 m (ft) 5 % - MpD (FPD) LPM (GPM) ©  am/1*
GALLUP - GRANTS ~  1500-1900 120 20 .0864 1600 T
o (5000-6300) ~ (400) o (29) (400)
TORC . . . 600 . ~ 1200 10 .864 - 2000 3-10
, R (2000)‘” o ,(400_0) . R (29) _(500) L
TULAROSA BASIN‘ 60 30 . 6 1 2000 10-35
' » (20000  (1000) . . ~(3.3) _(500) o
* - Numbers in parentheses are in the glven English System units. ‘ i
m - meters, gm/1 - grams/liter - o
MPD - nmters/day, FPD - feet/day '
LPM - Titers/minute, GPM - ga]]ons/minute
ft - feet - C : ‘




In thé Lower Tularosa Basin the disposal aquifers considered for
both the northern and sohthern plant sites are at a depth of 900 m
(3000 £t) with aﬁ effectivg thickﬁess of 300>m (1000 ft), a water
quality of 20.0 gm/1<35.0 gm/1l, and an injection capacity of 2000
1/min (500 gal/min) (McLean, 1970). Since the aquifers in the T or C
aﬁd Lower Tularosa Basin areas are essentially unconfined, no formétion
pressures were considered. The properﬁiéé of these aquifers are listed
in Table 11.

Brine Injection System Design. From the infofmation availéble on

existing brine injection systemslggd the disposal aquifer p;operties
listed in Table 11, a brine injection rate ofv1600 1/min (460 gél/min)
was chosen for each désalination site. To reduce the maiﬁ;enance
problems of three separate well fields, saline’water recovery, geothermal
water recovery, and brine disposal, the brine disposal well fields were
considered to be superimposed over the saline Qatér recovery well fields.
The disposal qells were considered spaced between the saline water wélls
and therefore have the same well spacing as the saline water recovery
field. Usiﬁg the indicated injection rate and the brine quantities from

Table 9, the number of diéposal wells required at each desalination site

was calculated, and is listed in Table 12. This number includes one extra

well to maintain the disposal capacity during well maintenance.

Using Equation 5.1, the maximum increase in the formatiqn pressure‘
in units of 1quth can be obtained for an injection well. Using Eqﬁation
5.3, the pressure increase at any well in a well field can be obtained.
Using Equation 5.3, the maxiﬁum increése in the formation pressure at

each desalinatidn site was caléulated and is listed in Table 13.
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" TABLE 12 The ninber of brine disposal wells required at an injection vate of 1600 1/min.
(400 gal/min.) for diffevent plant capacities and concentration factors at the
potential geothermal desalination sites in Mew Mexico. :
: Thnber of fnjection Disposal Hells Required
o o wooooe Plant Capacity o ,
. Plant location [ o . 4MD L 20 M T 40 MLD 80 MLD
e Tl {1_MGD)* {5 MGD) (10 MGp) - (20 MGD)
GALLUP - GRANTS ° | |
_ Ratfo 1:5 Geothermal |
to Saline Water 2 2 7 - - 2
. - 3 2 5 - - g
_ , L4 2. 5 - =
Géothe’malﬂl‘)ater 2 2 6 o -
Only g 3 2 3 % - -
e 4 2 4 - -
TRC -
Ratio 1:5 Geothermal 2 - 26
to Saline Hater - - 3 - - 20
. . . 4 - N - 17 -
-TULAROSA BASIH o |
__Ratio 1:5 Geothermal .2 7 13 25
to Saline Hater ‘ 3 - 6 . 10 19
S 8 - 5 . 9 16
Geothermal Hater.” - 2 6 10 19 )
Only L 3 4 7 13
. 4 4 6

* - Humbers {in parentheses are in the g
Mn - willion Viters/day, HGD - million 9
CF - Concentration faclor s

iven English System uuiis.‘.
allons/dey ' )

10




TABLE 13 -

| S

N A

—— I

r

Maximum pressure increases for brine disposal
aqu1fers at each potential geothermal desa11nat1on
site in New ‘Mexico.

r—

, . , ~Maximum
Plant . Injection Well Increase -
. Plant Location Capacity *  Rate ~ Spacing - in Head -
~ - MLD (MGD)*  LPM (GPM) m (ft) n (t) -
GALLUP - GRANTS 1600 2000 200 [i
(1 0) (400) (6600) (660) ‘
1600 2000 200
(5) (400) . (6600) - (660) Li
TORC 80 1600 400 56
(20) (400) (1320) (165)
TULAROSA BASIN 20 1600 400 32 -
(5) (400) (1320) (100)
40 } 1600 400 43
(10) . - (400) (1320) (100) b
80 1600 400 120
(20) - (400) (1320) (400)

* Numbers in parentheses are-in the given English System units.
million liters/day, MGD - million gallons/day

meters, ft - feet .

11ters/m1nute, GPM - gallons/minute

MLP

m
LPM

[ A r— rr— rm— r—r
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" ‘Brine Disposal by Combined Evaporation and Injection -

‘A possible system‘fdiubrine disposal not considered previously,

- includes partial waste brine evaporation followed by subsurface injection.

The possible advantage’cf this type of disposal system is dependent on
the concentration factorvof the desalination“pianc. For plants with small
concentration factofs, less than 4; largé quantities of slightly saline
briné are produced. Complete diépbsal by ihjeétion would'require a

large number of wells, while complete disposallby.evaporation would

require a significant area for evaporation ponds. If the large quantities

-of slightly saline brine could be zeduced and concentrated by evaporation

and then disposed by injection, the number of injection wells and evaporation

ponds required would be reduced. Depending on injection well costs and

land costs, this combined process might be less expensive than total

'disposal by either of the commonly used systems. Since the probable
‘ concentration factors ofugeothermal distillation are less than five,

~ this combined system ofibrine disposal;willvbe evaluated.

To prevent clogging‘of the injectién formation, the brine was
considéred e&aporated to a concentration of 50 gm/1 TDS and 100 gm/1
TDS. A cdncentrationbof 100‘gm/1 TDS is apprbximately half the con-
Centrétién of saturation (Bbegly,:1969). ‘From Figufe 26, this gives

an average e#aporation factor of 0.925, or an increase of approximately

.10 peréent over the,évaporgtion factor for total disposal by evaporation.

The ratio of the initial waste brine concentration to the final
injection concentration giﬁes_the percentage of the brine disposed by

injection in this combined disposal system.  The remainihgfportion of

‘the waste brine must.be-placed in evaporationkponds.r Using the quantities

and qualities of the waste brine fof each of the desalination sites given

87




in Table 9, the amounts of brine to be injected’and evaporated for combined
disposal were calculated, and are given in Table 14. From these values
the size and number of evaporation ponds and the number of injection wells

for combined disposal were calculéted, and are given in Table'lSQ

L3
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A |
“UTMBLE'14 . Quantities of brine injected and evaporated for combined
~ T disposal at each potential geothermal desalination site
-in Hew Mexico for a 4 MLO (10 MGD) plant, LT
. Quantity of Brine Injected Quantity of Brine Evaporated L -

* : Lo T © M (MGp) MLD (MGD) :
“'Cg Cs CF '~ Ctb Qtb o Concentration of .Brine Injection , . ‘
am/l - gm/) /1 MLD (MGD)* 50 gqn/1 100 qu/) 50 g/l . 100 gm/l . O
Ratio 1:5 Geothermal "'~ o7 S o : ; 3 v o : W
Hater to Saliné Hater - I ‘ , o R ' i s
3 B R 32 2.6 .19 5.05 .10 {.03 2.32 (.58 .2.41 (.60)
7 2 2 4,7 (.63) .24 (.06} A2 {.03) - .27 (.57 2.39 (.60)
3 2 347 1.89 .18 (.04) .09 (.02 1.71 (.43 ..1.80 (.45
R R R 3 6.4 {.47) .24 (.06) 12 (.03 1.65 (.4 1.77 (.44
3 2 4 5.8 1.60 .18 (.04 .09 (.02 -1.42 (.36 1.51 (.38
2 2 4 1.5 {.40) .24 (.06 .12 (.03 1.36 (.34 1.48 (.37
R IR I 270716,9 2.67 .37 (.09 .19 (.05) 2.30 (.58 '2.48 (.62
7 4 2 1.7 - (.67) A (.10) - .21 (.05) me 2.26 {.57) 2.46 (.61
-3 4 3 1.7 2.02 .31 (.08 .16 {.04) 1.71 (.43 ~1.86 (.47
7. 4 3 100 0 (.51) .40 (.10) .20 {.05) 1.62 (.41 1.82 (.46
3 4 4 9.9 1.7 - .34 (.09 A2 (.04) © ' 1,57 (.32) 1.54 (.38
R & . 4 4 1.8 (.43) .40 (.10} .20 (.05 1.31 (.33 1.51 (.38
3 /006 20.:.79,3 2.n .50 (.12) .25 (.06) . 2.21 (.55) ©2.46 (.62
1 6 - 27710, (.68) . .57 (.18 .29 (.07) - 2.14 (.57 . 2.42 (.61
Y 6 312.2 2.06 .50 (.12 25 (.06) " 1.46 (.37 1.81 (.45
Y A 6 30132 {.52) .57 (.18 .29 (.07 1.49 (.37 1.77 (.14
.3 6 4 - 143 1.74 .50 (.12) .25 (.06 1.24 (.31 1.49 {.37)
7. 6. .4 162 (.44) .56 .w) s (o7 1.18 {.40) - - -1.46 (.37) -
1" Geothermal Mater Only - T . S Cpe e
3 LR SR A 2 v 24 (.06 “.12.(.03 - 1.76 (.44 1.88.(.47)
X - 3 9 1.33 .24 (.06) - .12 (.03) .. --1.09 {.27) 1.21 (.30
3 - 4 12 1.0. .24 (,06 .12 (.03 - 0.76 {.14 0.88 (.22
7 - S22 14 2 .86 (.14) - .28 (.07} 1.44 (.36) 1.72 (.43
N - DR B4 | 7 1.33 .56 (.14 .28 {.07 0.77 (.19 1.05 (.26
1 - 4. .28 . 1.0 - .56 (.14) - .28 (.07) - o0.44 (.11) © 0. 72 .18

- Nunmers in parentheses are in the given English System units.
iﬂlD - million liters/day. HGD - million gallons/day, g/l - grams/Yiter

|




TABLE 15 = Humber of 20 hectare (50 acre) evaporation pdnds and 1600 1/min. ‘(400 gal/min.) injection wells
required for conbined brine disposal at each potential geothermal desalination site in New Mexico.

Number of Evaporatfon Ponds and Injection Wells'
Brine Concentration at Injection

Saline ‘ 50 qm/1

100 gn/)
- Plant ‘ Hater Plant Concentration Factors ' Concentration Factors
Location - Quality  Capacit

i 3 4 . 2 3 4
an/1 MLD (MGD)*  Ponds  Hells Ponds Hells Ponds HWells Ponds  Wells Ponds  Hells Ponds Hells

GALLUP - GRANTS '
Ratio 1:5 Geothermal 2.0 4.0

06

1.0) 4 2 3 2 2 2 4 2 3 2 3 2

to Saline Water 20 (5.0 18 2 13 2 n 2 19 2 4. 2 12 2

4.0 4.0 (1.0 4 2 3 2 2 2 4 2 3 2 3 2

20 (5.0 14 2 13 2 w2 19 2 14 2 12 2

Geothermal Hater 4,0 il.og 3 2 2 2. 1 2 32 2 2 2 2

Only . : 20 (5.0 14 2 9 2 6 244 15 2 9 2 7 2
Tenc | ‘, o y s

Ratio 1:5 Geothermal 1.0 80 (20) 58 2 a4 2 36 2 59 2 45 2 38 2

to Saline Hater _ L ; :
-TULAROSA BASIN , S , , AR

“Ratio 1:5 Geothermal ~ 4.0 20 (5.0) 13 2 9. 2 72 14 2 10 2 g 2

to Saline Hater 40 (10) 25 3 19 3 1 3 27 .2 20 2 M 2

80 (20) 50 5 37 5 28 5 5 3 40 333 3

6.0 and :

" greater 20 (5.0) 12 3 8 3 7 3 13 2 10 2 8 2

: 40 (10 24 4 16 4 17 4 27 3 20 316 3

60 (20 47 6 32 6 27 6 53 . 4 39 4 32 4

Geothermal Mater 20 (5.0) 10 2 6 2 a2 10 2 7 2 5 2

Only 40 (10) 19 2 )2 2 9 2 20 2 13. .2, 10 2

80 (20) 3 2 2 30 3.4 2 26 2 19 2

* - Humhers in parentheses are in the given English System. units.
MLO - million liters/day, MGD - million gallons/day, guw/} - grams/liter
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CHAPTER 7 :

PROCESS WATER PUMPING AND
“BRINE DISPOSAL UNIT COSTS.

Introduction

For each of the potential desalination sites selected in New Mexico,
various process water recovery systems and brine disposal systems were
designed in Chapters 5 and 6. Using these designs, the unit costs of
each process water and brine disposal system can be estimated. In the
design of these various systems, the possible variation in design

"

parameters were considered and therefore the unit costs of any system

-at a particular desalination site can be given in ranges. With these

,ranges of unit costs, the feasibility of geothermal desalination in

New Mexico can be more accurately determined In this chapter the various
ranges of expected unit costs for process water recovery and brine
disposal will be calculated. 7 . | . 7" N

These unit costs will be based on a plant life of 30 years with an
interest rate of 8% per year. The unit costs will include the capital
operating, and maintenance‘costs for‘each system and will be given as a
function of the product water quantity. These,costs,are at the plant -

site and do not include any product ‘water pipeline costs, since the use

. 'and destination of the product'water;is;variable. * These costs also do

not-includetthe costs‘of the=geothérma1»desalination plant.

"‘Process Water Pumping Unit Costs

In the design of the process water well fields, two types of systems

"were considered One system consisted of both geothermal process water

and saline process water wells in the ratio of one to five. The other
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syStem consisted only of geothrmal process water wells. The two systems
were considered to estimate the unit costs of highly efficient and
’relatively inefficient geothermal'desalination processes. The unit costs
of these two systems then give an estimate of the maximum and minimum
unit costs that can be expected for geothermal desalination.:

The capital operating, and maintenance costs for both geothermal
'and saline wells is listed in the Appendix Table 1. Using these costs
and the information listed in Chapters 5 and 6, the process water unit
costs were calculated for each desalination site.. These unit costs are
shown in Figures 27 thru 30. '3 7

The T or C site was considered differently from the other sites
because of the use of the product water. At this site geothermal ‘water
to saline water ratios of 1 to 5 and 1 to l were considered. Geothermal
pumping alone was not considered since.the purpose of the desalination
plant was to improve the quality of the Rio Grande, and not augment
the flow. Also, the process water unit costs for this plant site do>

not take into consideration pretreatment of the process water from the

Rio Grande.

Brine Disposal Unit Costs

[

In the design of the brine disposal systems, three processes were
_evaluated: eﬁaporation, injection, and combined evaporation and;injection.
These three processes were considered since the concentration. factor of
a geothermal desalination plant can alter the feasibilityrof a disposal
process. With the unit costs of these three processes'calculated ouer
a‘range of concentrationlfactors; the most feasible disposal method at

‘@ given concentration factor can be obtained.
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Figure 27 Estimated process water unit costs for a geothermal desalination plant
‘ ~ at either Gallup or Grants, New Mexico.
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Figure 28 Estimated process water unit costs for a gesthermal desalination plant
h " at Truth or Cunsequences, New Mexico.
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Figure 29 Estimated process water unit costs for a geothermal desalination plant 30 km
-~ (18 miles) south of Alamogordo.




$ 1007
.
| ?9\ § go| GECTHERMAL O~ _
R 40 MLD C(IOMGD) \\
S GEOTHERMAL ~ ~
< 8OMLD (20MGD) 0\\\ ~—— ., COMBINED SALINE AND
o $.601 COMBINED SALINE T .. O GEOTHERMAL
S AND GEOTHERMAL ™ 40 MLD C 10 MGD)
S A 80MLD (20 MGD) : TTTTTSSe=——0 :
{é $ 401
2
(%4
3
w $.201
3 .
D
5. . , ] ' '
$ 2 3 4
CONCENTRATION FACTOR
: Figure 30 Estimated process water unit costs for a geothermal desalination plant
100 kin (60 miles) south of Alamogordo, New Mexico.
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The capital,Héperating, and maintenance costs for evaporation

.ponds and injectioqjﬁells is listed»inftherAppéﬂdix, Table 2. Using

these costs and the information listed. in Chapterkﬁg:the’brine disposal

unit costs for eéch'deéélination site are shown ianigures 31 thru 34.
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Figure 31

Estimated brine disposal unit costs for a geothermal desalination plant
at either Gallup or Grants, Mew Mexico.
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Figure 32 Estimated brine disposal unit costs for a geothermal desalination plant
- at Truth or Consequences, New Mexico.
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Figure 33 Estimated brine disposal unit costs for a geothermal desalination plant
30 km (18 miles) south of Alamogordo, New Mexico.
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Figure 34 Estimated brine disposal unit costs for é geothermal desalination plant

100 km (60 miles) south of Alamogordo, New Mexico.
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CHAPTER 8

 ENVIRONMENTAL CONSIDERATIONS

" Introduction

,v;;«;,»Most>geothefmal fields in production today were designed for use

, when,environméntal concern and regulatory laws were at lower levels.

The}envirqnmentglgeffecté of -developing this resource are varied and -
unique to each_site;i Tﬁere is'a need for general iﬁformation'concefningv
what problems bne,might expect,atva—particular«site before production
béging, -In knowing ;his;’the enginééf can optimally design his alternativeé
1hto the plant‘at,a lower cost.  Factors that-shouid.beAtaken into |
account would‘be: vstate-and'federal‘fegulations,~1ahd usepin surrddnding

areas, geologic history of area with detailed geophysical and survey

, monitor1ng,A:ype,of :eservoir, and possible -economic markets for the

byproducts resulting from the'cleahsing of the effluent.
Although each site is different,.gene:al;difficultieS’will”be expected

infvary}ngvdéérees regarding the chemicalaahd—physiCal aspects of pollution.

-Some of. the chemical effluents to befdeait with would include:: Carbon

dioxide, hydrogen sulfide, ammonia,-arsenic, boron, silica, and possible
trace glements_of:ﬁércury,jthorium;*radon, and uranium, - These a:ef

dependent upon the geochemistry and previous utilization of the reservoir.

‘“Physicalf pollutants could;include:;-thermal:dontamination,fsubsidence

of 1aﬁd,“inCrease;of,séiSmic activity,:noise,ﬁand aesthetic impact.
“ 7B¢cause large scale.geothermal exploitation is in a,reiatively'infant

stage, much more testing.and research 1s needed to deal more efféctively

with its;harmful.results.;lThe following is a review of what is being

‘done with present technology to mihimizefthe above problems.
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Chemical Effluents

The geochemistry of hydrothermal reservoirs is a function of the
exploitation of the site. Rgéorts,indicate that -total gas declines

with continuing use of a reservoir (Axtmann, 1975). Althdugh it is easy

to.gather data'qnithe instantaneous emission rates of a plant in operation,

it is often difficult to interpret these as a guide to the true environmental

impacf.‘ What must be taken into account is the.leﬁgﬁhy drillihg time v
of new wells where bleed lines are néeded;'possible discharging from

: Blow ﬁelis in the borefiéld; and the time during routine maintenance on

‘:tﬁrbines. ‘At each o% these times, the gas effluents normally treated
at the power plant are discharged directly into the atmoéphere. ‘A more

detailed analysis is needed to know what effect the geothermal site is

- producing in the local environment.

Of the nocondeﬁsable gas effluents, carbon dioxide is by far the main

component (78-95%). This along with methane, nitrogen,}and hydrogen are
conéidered natural components of the atmosphere. 1If these éoncentrafions
are found to Ee small enough in the ambient air, and they usually are,
they are not considered to be harmful. Thé gas of primary concern and
the one most environmentally regulated is hydrogen sulfide. Hydrogen
sulfide has an objectionable odor and is highiy corrosive to plant .
equipment. The effect of extreme dosages on humans is known, but long
term exposure to small amounts is not. Hydrogen sulfide‘wili escape
into the atmosphere through thé gas ejector system in turbine use and by
,air—stripping of the waters 1nrthe cooling towers. Abatement programs
generally consist of trying to reduce hydrogen sulfide td sulfur. At

the Cerro Prieto plant in Mexico, because of itS’location;'coqling fdwers

are built downwind from the plant. Besides plating and*insulation’of'
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“ "has many advantages and a few drawbacks that will be discussed later.

the: equipment, this is all that is done (Mercado, 1975). :-0f ‘course
"on windless days, personnel are required to wear ‘gas masks.~ Thisfmethod‘
;'would be unacceptable in the United States._ An interesting‘possibilityd
»is a hybrid-chemical—geothermalwplant'based on a“moditied claus process

(Axtmann, 1975) for the economical production of sulfur.u The technology

for this . is feasible, but its implementation would depend on 1oca1

economic marketsyand predicted.tonnagekproduced from*the individual_g ,

.'plant;éATherefarewtwo{methodstnow'employed at the Geysers\tojcontrollgf
r.theigas ejector'emissions~(A11en and Mccluen 1975)7':0ne method:employs
“V'the burning of hydrogen sulfide to sulfur dioxide, which is then scrubbed
‘linto the cooling towers. The other consists of scrubbing the gas with a

‘water solution containing a metal catalyst.p The hydrogen sulfide 1is.
'dissolved~and oxidizedvto sulfur. - -Because: of impurities the solids are

lburied at: landfill sites., There is research now being done on- the

feasibility of removing the hydrogen sulfide upstream from the turbine

(Allen and McCluer,1975) Reinjection of the geothermal waters back into -

‘ the reservoir is- the most promising way, not only of - removing noncondensiblel
'1gases§ but also other polluting elements like boron or arsenic. Thisrhas- g

Vlrabeen successfully*tried at various plants around the world. This method =

There is a natural pollution of mercury and radiOactive elements

"t;1occurring in the atmosphere and waters around geothermal areas. These
l;Jtrace elements combined with the. effluents of a production plantqcan ‘be of
~ significant concern (Axtmann, 1975) More analyses are needed in the }
”,‘kv:parts-per-billion range instead of the conventional ppm.v Again, . reinjection'

is the most promising area. for the control of these elements.jnls’”"
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) . S8ilication is one of the most difficult engineering problems facing

. .

;geothermal'deveiopment;~‘Silication iS‘the scélingAand depbsitidn'in"
pipes or,trenéhes of silica. ‘Silicé‘ﬁoncen;ration Of-h§drothermal waters
is a function of:thé~301ubility of_silica at certain'tempefatﬁres;
This;fact is used 'as a tool in determining'the‘undérgrOUnd‘temperatures
of deep reservoirs.  Wﬁen‘the fluid is pumped outfof’the'ground and

-processed, its temperéturexdrops considerably. At this time the water

r— r-—

is supersaturated in Silica and rapid deposition occurs. This has

r—

been & major'impédimeht of economic reinjection. ’
- With improved-alioys,and research into silica polymerization, this

.’pfoblem should be alleviated. Monomer silicé'will not precipitaté or -

adhere to surfacesAuntilrit begins polymérization. This implies two '

means to avold deposition. One can-either reduce polymerization or

r— rmr rmm

encourage it at a point where cleaning can easily be done. ' Reduction
can take place by keeping the temperature of the effluent waters above
;he saturation pdint or lowering the water to a 6.5 ph or bélbw‘_'
Cuéllar, 1975). To increase polymerization the water should be held in

stordge tanks for a sufficient length of time. At the Ahuachapan plant

r— rmr—

in .El Salvador waters have been economically kept at 150°C and reinjected
without scaling (Einarsson, et. al., 1975). Each reservoir will have its
own point of saturation. At the Wairakei and Broadlands fields of'Ne\',.i'r

Zealand the discharge waters are first held in storage tanks for poly-

rm

merization and the slaked lime (Cal) is added‘(Rbthboum and Anderson, 1975).

What follows is the precipitation of a calcium éilicate gel.;:In‘addition,

rm

‘arsenic is precipitated if it is firsé preoxidized. The gel is then

r

dried and sold. The remaining water can n@w be flushed through drainage

-
r!

canals with little danger“ofudépositigh.v Depending’uponithe kind_of ’
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,w;(NaOH) in neutralizing the H, So

711975)

lreservoir and its chemistry, an economically acceptable means should be

able to -be worked out.’ fie .

Effects of Corrosive Brine

Corrosion rates on materials are a function of the aeration of the

‘steam, flow velocity of condensate (Tolivia, et. al., 1975), and pH of

, condensate (Yasutake and Hirashima, 1975)

Materials testing at Cerro Prieto (Tolivia, et. al., 1975) was

run in an aerated and nonaerated steam environment. Corrosion in non- ,

VIaerated steam was generally low, O 020 + 00 044 mm/yr, for all materials.

Aluminum showed more of a problem with local attacks than with general

corrosion. Nitrided steel showed rapid growth of pits and was found
S
ineffective in controlling corrosion. The rate in aerated steam increased

.2 9-15 times that found in nonaerated steam.r The low alley steel,

3. 5 Ni - 1 3/4 Cr 0. 5 Mo - 0 1 V, showedthegreatest increase in

‘ corrosion rate. High chromium steels and aluminum, that had showed

excellent resistance ina nonaerated environment, showed a significant

increase inipitting. _Trends in data indicate a higher—chromium,content

-4

‘in steels would k'be,effective in improvin,g,corrosion 'resistance.

~Z.The5condensate'shpwedia higherfcorrOSive'envirOnment'thanfthe-separated

7steam-(Tolivia;net;>al;, 1975). The only material that showed good
resistance to corrosion was stainless steel. ‘This was confirmed in other
,fhtests run at Otake (Yasutake and Hirashima, 1975) and the Geysers (Dodd

et. al.;~1975) Scale deposition and corrosion of the cooling system was r

e

reduced significantly at Otake through the addition of: caustic soda e

5 4 to a pH of “6 8 (Yasutake and Hiroshima S
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Although corrosion'on.turbine blades (lZ%’Cr, low-carbon steel)
is not excessiVe. It contributes greatly to fatigue failure (Tolivia;.
et. al., 197S°.Dodd et. al., 1975) Research and testing are going
on at the Geysers to investigate heat treatment or coating of turbine
blades to increase fatigue failure (Dodd et. al., 1975)

Carbon steel is an effective material (corrosion ratero 040 mm/yr)
for shell and piping separated steam. The corrosion rate increases
greatly (0.11 mm/yr) in aerated steam and 0. 66 mm/yr in condensate.

In these conditions the use of an epoxy re31n coating or stainless steel
would be required (Toliv1a, et. al., 1975) Initial tests (at Geysers)
lead to the selection of conventional turbine, stator, rotor, and |
blading materials,.aluminum and austenitic stainless steels for the
condensate system; and aluminum for line hardware (Dodd, et. alf, 1975)
Deoxidized copper and aluminum have been found unacceptable for the heat
exchanger tubes, with titanium being the best choice (Tolivia, et. al.,

1975).

Effects of Drilling

4

The main effect of drilling is nolse and scarring of landscape. Before

a producing well is drilled, at least three deep test wells are needed

to confirm the geothermal potential. And before test wells are drilleg,
. many shallow exploratory wells (150-300m) are drilled.. - Exploratory
holes cause minimum landscape damage, only sometimes needing temporary -

_ narrow access roads. To.drill-test and producing wells, wide gravel.
roads are needed along with sump ponds and temporary holding tanh;.

Bleed lines are in operation to prevent‘condensation of steam in the well

and damage to the producing zone. The average flow through a bleed line

at the,Geyesers is about 450 kg steam per hour (Reed and Campbell, 1975).
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This - results in noise and emission of - hydrogen sulfide. : Recontouring and

i«, : “‘;

G w,;,’

‘the planting of new: overgrowth helps in the control of -erosion resulting
from scarring of the. landscape.

Noise is highest during drilling and testing of a well: It ranges

“from 90—130;decibels, which is past the threshold of pain.,/Withrthe use

of,mufflers,-noise,can be held to an acceptable'60-90 dB. : : The-effects

on.humans can be loss of hearing, troubled.sleep, reduced.job performance,

and psychological disorientation (Jhaveri, ‘1975). Zoning restrictions

and new.designs in mufflers‘should minimize this problem in the future.

Thefﬁéi Effects

Thermal pollution is caused by the escaping of heat into the atmosphere
and/or rivers. The injected heat into the surrounding ecosystems will

upset the natural balance and produce weather modification. The same

types of problems can be expected from a fossil or nuclear type plant.

'Thermal pollution form geothermal plants can be effectively removed.

One method to eliminate thermal contamination of surface waters is to
hold the effluent in tanks and then recirculate the water to cool the

condensers, with the water then'reinjected into the formation.~ This ‘has

the advantage of not using local water to maintain production in-arid

climates. ‘Another possibility would be to use: the hot waters . for open

- space heating and,industrial~use.5 Again, total . reinjection -would- virtually

eliminate all forms of thermal pollution.

Land Subsidence e

. Land subsidence is the vertical and horizontal movement of land due

to the compaction of rock formations below the surface. Natural tectonic

' activity, which is associated with geothermal sites, will produce land
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deformation. In dry eteam'reservoirs,'such‘aS'the Geysers, there*is'

‘no problem concerning subsidence because the vapor is*not part of'the
structural stability of the formation. Problems occur when large
voiumeS‘of water are withdrawn”from wet eteamxreservoirs. There has

been a naximum vertical subsidence of 4 meters at the Wairakei plant
since'production started over 20 years ago (Stilwell, et. a1:;*1975).

:'ankily, in this instance, the subsided'area has lain outside thedplant

area. Special designs to allow for. lateral movenents of pipea and culverts

has reduced the impact of this problem. Future plants in'similar

reservoirs might have to deal more effectively with land subsidence,

Detailed geophysical and survey monitorings of a prospective area

should be carried out before planning and during development. There is

a need to know the effects caused by natural acitivty and those by

geothermal exploitation. Knowing the natural causes will help in location
and design of the plant. The only way to stop land subsidence in 1iqnid

reaervoirs is to reinject the effluent. -Thisbbrings us to another |

potentially major problem.

-<r

Seismicity

Geothermal reservoirs are generally found around tectonically -
active areas. Not only is natural seismic activity a danger, but-the<J'
fact that geothermal development entails decreasing (or, with reinjection,
increasing)“bOIe pressure, is an added complication. - .

The withdrawal of fluids from a reservoir causes stress to build
up. This might contribute to a large earthquake in the future._ On the
other hand reinJection reduces friction which might trigger imnediate

. rupture. ThlS is a major uncertainty in reinjection. Reinjection has ‘
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been in progreas at Ahuachapan'(Einarsson, et. alt, 1975), Viterbo -
Region (Cameliiuulcarabelli 1975), Otake (Kubora and Aosaki, 1975), and
parts of the Geyser fields (Allen and McCluer, 1975) with no increase
in seismic activity. All this is very promising,’but any use of this

method should proceed with utmost caution and planning.

Summary -

Nothing has been said of the aesthetic impact which borefields

and power plants will have on areas that are considered virginal. This

question, whether to develop an area or tovleave it in a natural state,
will be decidedioy what people think they value more, energy and comfort
or beauty. B

One advantage 1n trying to deal with the envirommental effects of

geothermal exploitation is that all activities are in the immediate

- vicinity of borefields'and the plant. Reinjection is a superior method

in solving the problems of the chemical and physical aspects of pollution.

In using reinjection, several things should be taken into account; the

_structural effect on the geothermal field, the effect on adjacent

. 4

aquifers, and prevention of bsilica deposition. On the future horizon
is the possible use of downhole heatlexchangers.' This will almost

totally.eliminate'the detrinental effects of geothermal development; .

- There is still an unquestionable need for more research and experimentation"

to further advance technology and awareness of the influencing effect

of this energy source on the environment. #
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. CHAPTER-9 -
LEGAL AND INSTITUTIONAL CONSIDERATIONS

Resource Access

. Administrative,agencies~of,the¢federa1?and.New:Mexico governments

exercise an important degree of authority over access to rights to use

saline waters and to develop geothermalvenergy«resources.4

‘Saline Waters

New Mexico s groundwater statute which originally was enacted in

1927 was one of the earliest state laws regulating access to underground

waters. It was passed in response to- economic needs of farmers in the

Roswell basin where lack of control over wells was causing artesian

pressures to drop.x Control over pumping gave them the economic security

they needed (Clark 1977)

The present New Mexico groundwater code may be found at New Mexico

Statutes Annotated sections 75—11—1 et seq. They are administered by

the State Engineer whose discretionary authority is subject to judicial
review only as to whether (1) his determination are not arbitrary,

(2) his action is supported by substantial evidence, (3) it was within
the scope of this authority, and (4) it was not based on an errorvof law.

Kelley v. Carlsbad Irrigation Dist., 415 P. 2d 849 76 N M. 466,

472 (1966) The judiciary will not overturn decisions by the State

Engineer merely because they disagree with his actions.. o

In a study of southwestern groundwater law (Chalmers, 1974),, |

the author commented' "In summation, the New Mexico groundwater code

'-and its patterns of implementation may be presented as follows.
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1) groundwaters are statutorily declared to be public and subject to
appropriation,42) after the State Engineer identifies and declares
,basins to have reasonahly‘ascertainable boundaries, his office must
" review and approve(applications‘for new appropriations, 3)~management
plans for timed esploitation of nonrrechargable basins‘have been court-
approved.as in the public'S‘best interest, 4) the judiciary has approved
requiring retirement ‘of surface'rightS’by new appropriators whose -
actions would eventually impair surface rights intimately related to
the groundwater sources.r | | | | |
According to section 75—11—3 applicants for permits to use ground-
water must supply the State Engineer with information on the source 7
from which it will be taken, the use to which it will be put, the |
location of the well, the amount of water applied for, and other data.
Notice by publication in a newspaper in the connty in which the well is
to be located is provided for. If there are no objections and unappropriated
waters are available or the proposed pumping'would not impair existing
water rights, the application willrbe‘granted,>subject to the rights of
prio?'appropriators. If there are protests; it may be deniedror granted
with or'without a hearing; | l
By statute, section 75—11437 underground water basins do‘not
include water in an aquifer, the top of which aquifer is at a depth -
of twenty—five hundred feet or more below the ground surface‘at any’ |
location at which a well is drilled and which contains nonpotable water.
Waters with a thousand parts per million of dissolved solids are - considered
nonpotable. Waters which w111 be pumped for geothermal desalinizatlon will
probably not be excluded from regulation under this exception to the scope
of the law because they will come from relatively shallow depths. The

State Engineer will determine access to the saline waters.
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Geothermal Emergy .°

i 1 ;Federai 1egislaﬁiéﬁ.’?Prior to pasSag@?@f'the Geothermal Steam

Act of 1970, Public LaW’91—581; Title 30 U.S.C. secs. 1001-25, there -

was.ﬁo?specifically,éStablished sYséemeortacquisitiOn of rights to

geothermal resources on federal lands. ' Commentators on the legal

,scene‘during the late 1960's (Brooks,;1966; Olpin, 1968) looked to
various'federaljand state mining and water laws, regulations, and

‘cases. They were dismayédrby theVunéerféihties.i'Potenﬁial~deve10péré

eX?ressed;théir.unhappinessvabout the legal -situation by staying away
from federal lands and by pushing for a federal geothermal steam law.
Public‘LaW'91;581'go a large extent both ciarified the law aﬁd opened
federal lands to geothermal exploitation;(Futures Group, 1975). Areas .

of vagueness and uncertainties, however, remain (Aidlin, 1974; Allen,

© 1972; Fjorge, 1974; Schlauch, 1974). -

' The Geothermal Steam Act is administered by the Secretarybof the

. Interior who under section 24 has broad power to make rules ‘and regulations

'to‘cérry;out'the.act;ufSeveral>of thevkey,pravisions of the law are:

1) ‘Definition of geothermaliresoufcgs.* Section 2 brdadly defines
‘;';them'as‘a11wptoducts ofigeothermalbactivity,1including steam,
guﬁéter,~g35és,—btines;}heat;fand,aésociaﬁed;enérgy inagedthefmal‘
forﬁations; energy‘frbﬁ artificially;igjected'fluidé and
*be-products:ﬁere‘#lso;included. ,The‘law,Lhowever,,did not
- c1arify thevétatus»of;minerélpreservgtioﬁs by the‘Uﬁited States
>in deeds under‘variouS”ﬁomestéaancts ln the pést;i In’the
fu;ufe théy,wiil.be réservedjfrom'inciusion'within-suchbdeeds.

2) Lands available for leasing. The act'éovérs federal lands;

but excludes several categories such as national parks and .

15




3)

4)

5)

6)

7)

8)

recreation areas, and fish and wildlife refuges, management . -

~areas, and ranges. Indian lands are not included; Consent

is needed from the Department of Agricultuxe to lease forest
service-administered lands. And the Secretary of Interior can
withdraw other lands.  See section-15. -

Bidding for leases. Bidding is on a competitive basis within

“known geothermal resource areas which have been so designated

by the Secretary. If lands are outside such an area, the first °

qualified person applying is entitled to the 1easev§ithout
competitive bidding. See section 4.

Royalty. _Section~5 provides that royalties shall range
between 10 and 13 percent of the value of the steam ér any"

form of heat or energy produced which can be sold or used.

Term. Section 6 sets the term of leases at 10 years, with

renewal for producing areas which will not exceed 40 additional

years.
Area. According to section 7 a lease embraces a reasonably
compact area not to exceed 2560 acres. The current maximum

holding is 20,480. After 1985 the Secretary; after public

" hearing, may increase the maximum holding in any one state to

an area not to exceed 51,200 acres. -

Multiple uses of land. Other types of federal leases can

coexist on the land according to section 17.

- Unitization. Leaseholders.in the same area may enter iﬁto

cooperative drilling and operation agreements, and the Secretary

may make such unitization compulsory. See section 18.
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In addition to the 1970 act,ZCongress~has passed‘thevGeothermal»'?

Energy Research Development, and Demonstration Act of 1974, Public Law

93-410,. Title 30 U.S.C. secs. 1101 et. seq.; which is intended to further

~ the conduct of research, development, and demonstrations in geothermal

energy technologies (Cox, 1976). Also Congress has specifically singled

out geothermal resources for continuation of the 22 percent depletion

"allowance under section 613A of the Internal Revenue Code (Alexander, 1976).

,”2 New Mexico legislation. A study of setting up the geothermal

development at The Geysers, California (Peters, 1974) listed nine

' different state and 1oca1 agencies from which it was necessary to obtain

permits and licenses. In New Mexico the process would not be s0
complicated but operation of a geothermal project would be subject to
regulation by the New Mexico Oil Conservation Commission. According

to the Geothermal Resources Conservation Act, New Mexico Statutes

'Annotated section 65-11-1 et. seq., the commission has authority to bar

waste, allocate production, and require pooling. Enforcement of the 1aw

and regulations made under it may be by getting a court injunction, seeking.

‘crimfhal“sanctions, or suing for civil damages.

'In21967'New,Mexic0fand California became thelfirst two'states

~'to enact 1egislation authorizing the leasing of state-owned lands for

the development of geothermal ‘resources (Olpin, 1968) Article XXIV,

: section 1 of the state constitution was amended that ‘year ‘to add geothermal

. ‘resources to mineral resources as available for leasing under ‘a roylaty

'system. New Mexico Statutes Annotated section 7-15-50 provides for

issuance of a lease to the first qualified applicant for: unproved lands.
There is'competitive bidding in a known area. (Sec.»6) Annual rental is

$1 an acre, and royalty is 10 percent on steam'and:brines and not less

. than,2 percent or more than 10‘percent on minerals or chemicals recovered
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from.geothermal fluids. 1In addition'there is.an 8 percent royalty for
revenue received from'the'ooeration of an energy producinglplant. |

(Sec. 7A) The term‘is 5 years, with right to renen for succeeding

similar terms so long as the resource can be used in commercial.quantitites.

(Sec. 11)

Operational Regulation

A technology assessment of geothermal energy development (Futures
Group, 1975) lists a wide variety of environmental considerations in
utilization of this energy source. Among them are land use, gaseous
jemissions, liquid and solid waste disposal, surface and groundwater
contamination, neat rejection; land surface subsidence, noise,kinduced
earthquakes, safety, fog plume, and aesthetics. Several of these
environmental impacts are shared by desalinization. These consequences
sometimes have legal ramifications. Two areas will be focused on:

resource withdrawal, and waste disposal.

Resource Withdrawal

“Withdrawal of gases on fluids from undergound may be a factor in
land subsidence. An authoritative compilation of legal liability

principles, The Restatement of Torts, in section 818 states: '"One who

is privileged to withdraw subterranean water, oil, minerals or other -
substances from under the land of another is not for that reason privileged
to cause a subsidence of the other's land by such withdrawal." A property

b4

owner suffering from subsidence can recover damages from someone .who has

withdrawn saline water or geothermal steam or water if a causal relation-
ship can be established between the-withdrawal and the subsidence. :Also

~in appropriate cases such a plaintiff might obtain a court order enjoining
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further withdrawals,which'would bring about more subsidence (Davis,

1976; Prosser,*l97l);'

Waste DiSposal

v Disposal may be accomplished by injection underground of the brines

”,and minerals which for the most part will be unwanted by—products of

desalinization and use of geothermal steam and water. Lined ponds or

ponds with highly impacted clay bottoms may be used for holding wastes.

Two kinds of problems illustrate the legal ramifications of these disposal

methods. pollution and seismic disturbances. Escape of mineralized
water can pollute ground and surface waters, and injection of wastes
has been alleged to be related to seismic activity (Futures Group, 1975).

. 1. " Common. Law. In Groff v. Circle’K Corporation, 525 P.2d 891

86 N. M. 531 (1974), the defendant changed the grade of the land and paved

a parking lot. This produced an artificial channel" where water was

being collected and discharged onto the plaintiff's property He was

permitted to recover for the resultant harm to his house. Courts will

give relief to property owners whose interests have been harmed by man—b

“'

made flooding and pollution.if
In order to recover in common law actions, it is necessary to establish

that the conduct of the defendant came within One of the recognized
-

: liability theories, that the plaintiff was harmed and that there was
a causal relationship between the act and the injury. One 1iability

theory applicable to geothermal desalinization is negligence. Negligence

is carelessness, the failure to live up to the standard of care- of

'operators of wells and desalinization facilities (Kionka 1977) Another

possibility is nuisance (Fink 1974) This concept permits a plaintiff

whose property has suffered from a substantial invasion of this right
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of its use to recover from a defendant who has intentionally carried out

an act if on the balance the gravity of the harm to the plaintiff out-
~weighs the value of the activity to the defendant. Balancing_the interests
4is the key to decision in nuisance cases. B B

v ‘These orivate remedies may‘well fit the factvin groundwater pollution,

salt intrusion into adjoining land or water (Darling, 1975), or earth
movements. The liability theories may apply; But‘an injured plaintiff'
still has the‘formidable burden'of establishing the causal relationship
betweeen the harm and the conduct of the defendent. The.New Mexico

Supreme Court has ruled that mere co-existence of a loss and of conduct

by a defendant does not prove that the defendant caused the loss. However,

in Rix v. Town of Alamogordo, 77 P.2d 765, 42 N.M. 325 (1938), it was
also made clear that the defendant will be liable for negligence which
commingles with and operates as a contributivevelement proximate to the
injury. In that case heavy rains; an act of God, coupled with an
inadeduate city storm drainage system brought about heavy flooding. The
city was liable. Heavy rains were not so unusual as to ''break the causal
chaif®” and insulate the defendant from liahility. Thus geothermal
desalinization operations which can be related to pollution losses will
not escapevresponsibility when some foreseeable event intervenes between
them and the loss complained of. -

2. Federal Legislation. The Safe Drinking Water Act Public _

- Law 93-523 Title 42 U.S.C. secs. 300f et. seq., sets up ‘a federal—

state system for regulation of underground injection of wastes. The
Administrator of the Environmental Protection Agency determines ‘whether

a state must develop a control ~program. The Adminlstratorieither approves

¥

the state's program or develops one of his own. Any such program nust
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or set up rules governing such injection (Ecker R

by: the end of 1977 either require permits for all underground injection

1?1976). Deep well
injection of wastes from geothermal desalinization w0uld,doubtlessycome
within the scope of such a system.

‘The Federal Water Pollution Control Act Amendments of 1972 Public

‘4Law_92-500, Title 33 U.S.C. secs. 1251 et. seq., provides for aksystem

of permits for discharges of‘pollutants into waters. The Administrator
of the Environmental Protection Agency issues such permits, but may
approve substitution of a state permit system which meets minimum

requirements. Included are "permits which . . . control the disposal

' of pollutants into well. The law is ambiguous as to whether such

discharge might be subject to the Administrator's, as well as the

ftate's, authority (Eckert, 1976).

3. New Mexico Legislation. Pollution associated with geothermal

‘desalinization might be regulated by the State Engineer in decisions

about issuance of permits~to_appropriate saline waters and by the New
Mexico Water Quality Control Commission. As has been noted, impairment
of eﬁisting rights is a basis for refusal of an appropriation permit.
Cases about impairment have talked of the impact of issuance of a permit

for fresh water appropriation upon neighboring wells. See City of Roswell

V. Reynolds, 522 P.2d 796, 86 N.M. 249 (1974); City of Roswell'v. |

Reynolds, 522 P. 2d 796, 86 N M. 249 (1974), City of Roswell V. Berry,

: 452 P. 2d 179, 80 N. M. (1969). Similar concern might be seen when permits

are sought for appropriation of saline waters..

The New Mexico Water Quality Act, New Mexico Statutes Annotated secs.

75-39-1 et. ‘seq.’ authorizes the commission to set water quality standards

(Pease,11969). The intent is to bring about abatement of surface and
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grohndwéter pollution. Escape of wastes from geothermal desalinization
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CHAPTER 10

* CONCLUSIONS AND RECOMMENDATIONS

Conclusions

From Figure5‘27‘t0130, the unit costs of various process water
and brine disposal systems for pqtentialigeothermal~desalination sites
in New Mexico canibe obtained. The :combined unit costs of these systems

range from $.00/4000 liters ($1.00/1000 gal.) to $5.00/4000 liters

($5.00/1000 gal), neglecting the cost of the geothermal desalination plant.

Theée costs'are consideraBly above the present fresh water production
costs of communities in Neﬁ Mexico, aﬁd therefore this type ofrdesalination '
is preééntly uneconomical. For cities such as Gailup énd Alamorgordo that

are rapidly depleting their fresﬁ water resources, this type of desalination
may perhaps be more economical in the future than bringing in fresh water

from great distances.

Recommendations

If the population in New Mexico continues to grow at its present

rate, shortages of fresh water should be expected. Changes in water

_use‘might be able to eliminate shortéges in some areas of the State, but

this is not appliéable throughodt»the State. Since desalination is

cdntinually considered as a solution to the posSible'éhortage of fresh

‘water, more accurate information on this resource must be obtained. At

present, only two large scale studies have been done on saline water in

New Mexico, and these only give generalizations of the saline aquifer

characteristics. A more comprehensive study of the saline resources in
the State should be undertaken, such that the hydraulic characteristics

and the actual extent of the saline aquifers are determined for each

area in the State.
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This ;tudy showed that geothermal desalihation is a feasible
concept, but for the specific conditions in New Mexico, it is §reéent1y
uneconomical. This doe#bnot:indicaté that other geothermal applications
are necessarily also uneconomical; For this siudy, the information on.
rgeothermai temperatures and aquifer characteristics was extremely limited.
Theréfore, a ﬁore comprehensive study of the geothermal resou;cés'in'»
-the State, including the-hydraulic‘characteristicsvand’aquifer éxtent;

should be conducted.
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Figure 1 ! Salt accumulatiodin brine dispoﬁsal e'\‘/apérati:on
, /' ponds for varying brine concentrations at the
" end of 30 years. (Source: Day, 1970)
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TABLE'1. Capital, operating, and maintenance costs for geothermal and

saiine process water wells.

CAPITAL COSTS
SWELLS o
' Saline Water Wells

- Cemented, w/gravel packing, including drilling

rig and crew, mud, cement, gravel
Gallup - Grants

80 cm (16 in) well w/18 cm (7 in) productlon s
casing and 25 cm (10 in) surface casing

T or C - Tularosa

50 cm (20 in) well w/25 cm (10 m) produc-
tion casing and 40 cm (16 m) surface casing

Geothermal Water Wells

1000 m (3300 ft), 40 cm (16 in) well, cemented,
w/gravel packing, including drilling rig and

crew, corrosion control, cement, gravel,

cm (7 in) production casing and 25 cm (10 in)

surface casing
BpymPS AND MOTORS _
Pump cost in 1966 dollars = 7.3Q-433y.642
Pump costin 1977 dollars = 19Q- 453y 642
(Q is in GPM, H is in feet)
BMISCELLANEOUS
Pipeline construction

Electrical distribution system-

Pump and motor replacement @ 15 ;/ears

w/6% inflation/year = 45Q-453H-

(Q is in GPM, H is in feet)
bOPERATING AND MAINTENANCE COSTS .
Electrical costs w/pump efficiency = 60% and
motor efficiency = 90%
(Q is in GPM, H is in feet)

Maintenance = 4% Capital Costs

L]

UNIT COST

$70/m
(s21/1t) .

$86/m
- ($26/ft)

$130,000/well

$80,000/km
($130,000/mile)
$1800/km
($3000/mile)

-

kw hr/yr/well=3QH

@$.03/kw hr

Bad

2Based on personal communications with Clyde Wilson, USGS, New Mexico
Water Resources Research Institute, Las Cruces, New Mex:co July 1977.

_bReferenc° Lansford 1976
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TABLE 2. cCapital, operating, and maintenance costs for brine dlsposal
evaporation ponds and injectwn wells

CAPITAL COSTS o " UNIT COST
EVAPORATION PONDS -.20 hectare (50 acre) ponds __
3tand - $125/hectare ($50/acre) , "~ $2500/pond
@pijke - Earth work, moving and compaction $360/m3
| (510/ft3)
Byining - 30 mil thick $3,25/m?
- | ($.30/ft2)
CDISPOSAL WELLS v
40 cm (16 in) wells, cemented, w/gravel packing, $100/m
including drilling rig and crew, mud, cement, ($30/ft)

gravel, w/18 cm (7 in) PVC coated production tubing
and 25 cm (10 in) surface casing
apyMPS AND MOTORS

Same as saline process water wells 190'“53!1' 'sqz/we!l
(Qis in GPM, H is in feet)
AMISCELLANEOUS
Pipeline construction (same as saline process water
wells) ' : $80,000/km

= ' ($130,000/mile)
Electrical distribution system (same as saline _
process water wells) - S , _ © $1800/km

| S ($3000/mile)
Pump and motor replacement @ 15 years )
w/6% inflation/yr (same as saline process water
wells) v : us5Q-433y. 6uz/well
=~{Q is in GPM, H is in feet) : ‘ ,

vaOPERATlNG AND MA!NTENANCE COSTS

Electrical costs {same as. saline process water wells) kw hr/yr/well 3QH
@s. 03/kw hr

v Maintenance = 10% of Capital Costs S R -

%

2Reference: Lansford, 1976.

bReference: Le Gros, 1968,

“Based on personal communications with Clyde Wilson, USGS, New Mexico
Water Resources Research Institute, Las Cruces, New Mexico, July 1977.
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