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t CHAPTER 1 

I, I 
I INTRODUCTION 

t t I 
Water Requirement and Availabil i ty I 

i 
1 L 

The ava i l ab i l i t y  of f resh  water supplied i n  New Mexico and the south- I '  c s t e rn  United S ta tes  has been a problem f o r  many centuries,  

m e  of the e 

From the 

ueblo Indians t o  the present, water has been the most n i  

i n  t h i s  a r id  region. Due t o  the lack of a large 
L 

/ 

resh water, New Mexico.has been slow t o  develop. 

This lack of development accounts;for the clear sk ies  and wide open spaces, 

and on the negative side,  the  l o w  per capi ta  incameof New Mexico. However, 

i n  recent years, New Mexico's mineral wealth and climate have caused a 

rapid immigration of people and industry. 

continues, the  demand fo r  f resh  water might bec 

h 

I f  t h i  
L 
L 

Since 1950, population i n  New Mexico has grown a t  a more rapid 

Ld rate than the nat ional  average, "energy cr i s i s"  t h i s  trend 

should continue o r  even acceler 

i n  New Mexico f o r  the  next 40 y 

projections are based on s tudies  i n i t  
i 

by state and federal  agencies 

rates were used i n  making 

0, 2000, 2020. Considering 

d population of two mill ion 

the state must be 

1 
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Water Consumption Trends 

The present anlnual surf ac 

mately 0.75 million hectare-meters (5.7 million acre-feet). 

presently consumes 0.30 million hectare-meters (2.3 million acre-feet) 

and 0.45 million hectare-meters ( 3 . 4  million 

downstream t o  Texas, as established by law (Bur. of Rec., 1976). 

effect of increased industrial and 

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) of;water per year, about 44% increase 

over present consumption. ’ 

New Mexico 

il 
1: 

The 

opulation growth on water consumption 

il 
L; 

f 

r supplied .is essentially appropriated, , 

s River systems. In the first report of the 

L 
il 
1 

I 

3 
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Present and estimzted future water depletion requirements for New 
Mexico. (Source: Bur. of Rec., 1976) 
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L Groundwater Resources 

"I It has been estimate t New Mexico c ns 0.39 billion hectare- 

I 

L Groundwater Resources 

"I It has been estimate t New Mexico c ns 0.39 billion hectare- 

meters (3.0 billion acre-feet) of fresh groundwater (<lo00 ppm total dissolved 

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

hid 

Li 
saline (1000-3000 ppm total dissolved solids groundwater (Bur. of Ret., 

1976). 

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

treatment. 

water ,is that the aquifers are widely dispersed throughout the state 

(see Chapter 2). 

hectare-meters (15 billion acre-feet) of saline groundwater (>3000 ppm 

total dissolved solids) exists in the state at relatively shallow depths, 

This quality of groundwater would be ideal for urban and industrial 
/ 

The problem with producing large quantities of the quality 

contrast, it,has been estimated that over 2.0 billion 
I 

and underlies almost the entire state. 

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

water. 

However, this water may require ki 

b 

d 
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 . )  
-i; 
ibl .50/4000 liter ($.50/1000 depending on the pumping costs and 

type of pretreatment required (Bur. of Rec., 1976 and Morris, 1971). 

Industrial users may p 

of the water required for their processes. 

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 

the type of process and method of brine disposal used (Morris, 1971; 

even more, depending on the quantity and quality k! 

Iw Many desalination studies 

t 

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

5 



i 
L 

As consumption continues to increase, municipal supplies will increase 

t 
i 

c 
in cost as fresh water becomes harder to find. 

should then make desalination for municipalities economically feasible. 

Also, since some industrial and mining processes do not require as high 

a quality of water as municipal consumption, partial desalination may 

These increased costs 
i, 

i 

L 

i 

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

L. Existing Non-Geothermal Desalination 

i The distillation process of desalination was the first process to be 

extensively studies by the Office of Saline Water (OSW, 1974). This 
\ 

process was found to have extensive i energy requirements and a low product 

water recovery factor. 

efforts toward the electrodialysis and reverse osmosis processes of desalina- 

Because of these facts, the OSW redirected its 
i 

tion and closed all the major distillationltest facilities in the United 

States (OSW, 1974). The electrodialysis and reverse osmosis processes 
1 

are essentially filtration processes and can achieve 98% product water 

recovery. These processes are discussed in more detail in Chapter 3. 

t The distillation process could be more feasible if a cheap source 

of energy were available. Sources previously considered include waste c 
heat from nuclear power plants, solar energy, and to a limited extent 

j geothermal energy (Lansford, 1976; and OSW, 1974). 

some research in this area and has recently built small scale geothermal 

distillation desalination test facilities (Bechtel, 1977 and Laird, 1971). 

The OSW.has sponsored 

L 
t Various studies have been conducted in New Mexico on many desalination 

processes, such as distillation, electrodialysis, and reverse osmosis 
i 

i 
i 

(Lansford et. al., 1976; Morris, 1971; Stucky, 1971; and Le Gros, 1970). 

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

L desalination process. L 



iu 

L Geothermal Desalination 

Geothermal resources may be used in three basic ways to produce 

potable water. 

in such distillation processe’s as Multistage Flash Evaporation, Vertical- 

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

lation. 

High quality geothermal steam can replace the steam sources 
L 

id 

e; Geothermal steam can be used to produce mechanical work in a 

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

pumps in a Reverse Osmosis operation, or to drive a generator to produce 

electrical power for Electrodialysis. Hot geothermal brines may be used 

as already preheated and usually deaerated feed streams for Multistage 

Id 

P 1 1  u Flash Evaporation or Vertscal-Tube Evaporation. For production of steam 

, I  from geothermal resources, recent analyses have shown that the temperature 

the distillation process for desalting geothermal fluids. 

7 L 

Each unit 



was designed to produce 75 to 190 m 3 /day of distilled water. Around 
- 

the clock operations have been successful at both units, with minor L' 
, 
LU 

scaling and corrosion problems. 

and completed five deep test wells more than 1800 m in depth. 

hole temperatures of the deep holes range from 157 to 204OC (309 to 400OF). 

The Bureau of Reclamation has drilled 

i Bottom 

1 

Initial operations show promise for feasible development of geothermal 

resources (at East Mesa, California) t o  provide an economical high-quality 

L 

L 
t 

water supply (Fernelius, 1976). 

States Bureau of Reclamation geothermal desalination facility in Imperial 

Figures 3, 4 and 5 show views of United 

Valley, California. 

L 
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3; 

Figure 3 High A1 ti tude Photograph Looking Northwest 
Showing East Mesa Test Site, Imperial Valley, 
California (Bureau o f  Reclamation Photo). 
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i 
c 
L 
t 
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Figure 5 View of t6e 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. 
Reclamation Photo). 

(Bureau of 
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CHliPTER 2 

RESOURCE ATION 

CHliPTER 2 

RESOURCE EVALUATION 

Saline Water in New Mexico 

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

lli same as was first proposed by Winslow and Ki 

by Hood and Kister (1962) and Bureau of. Reclamation (1976). 

to this system of classification, water 

of dissolved solids is termed "sal 

Mexico the only water available h,as higher salinity and is consumed by 

local residents. The saline water is further classified as follows: 

er (1956) and later used 

According 

ntaining more than 1,000 ppm 

though in many parts of New 

L 

Ld 

L 
i; Description Dissolved Solids 

(in parts per million) 
i -  

Slightly Saline 1000 - 3000 
Moderately Saline 3000 - 10,000 
Very Saline 10,000 - 35,000 
Brine More than 35,000 

id 

Bureau of Reclamation (1976) has compiled maps showing distribution 
9 

of different tegories of saline Mexico, These maps, 

reproduced here in Figures 6, 7, 

aquifers that ontain slightly saline ately saline, very saline - 

li' 

ectively. Figure 10 is a map of total dissolved solids 
L 
u in groundwater in N Mexico prepared by Swanberg (1979) on the basis 

of U. S. Geo 
id 

h 
of depth with respect to the occurrence of saline water. We have, 

. 
17 

uJ 
lid 



i I i  

I 
I 

-?----- i i  J 
I MAP SHOWING ESTIMATED THICKNESS 
[ OF AQUfFERS THAT CONTAIN SLIGHTLY SALlNE 
! GROUND WATER IN NEW MEXICO 

I 

- 

Figure 6 (Bureau of Reclamation, 1976) 
1 

18 
L 



Figure 7 (Bureau of Reclamation, 1976) 



I 

----- i 
1 MAP SHOWING ESTIMATED THICKNESS 
I OF AQUIFERS THAT CONTAIN VERY SALINE 

GROUND WATER IN NEW MEXICO I 
I 

Figure 8 (Bureau o f  Reclamation, 1976) 

\ 20 

i 
c 
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Figure 9 (Bureau o f  Reclamation, 1976) 
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b 

i therefore, prepared a s of maps (Figures thru 14) which show the 

1 
distribution of different categoriLs of saline water at depth zones of $4 

500-1000 ft, 100-3000 ft., 2000-5000 ft and greater thana5000 ft.* 

Saline grouhdwater at depths less than 500 ft is found under a large part 

h 

L 
of the state. Figure 15 shows the distribution of saline aquifers with 

lu thickness greater than 2000 ft. 

of Reclamation (1976) data. 

This map has been prepared from Bureau 

Hood and Kister (1962) have compiled information on the important 
& 

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

st aauifers in New Mexico contain fresh water at one localitv 

u andsalinewater at another. This variation is due to the differences in 

, lithology, rainfall, precipitation and infiltration. 
Lilj 

Geothermal Resources of New Mexico 

k Much of the western half of New Mexico contains geothermal resources 

Resources Areas (KGRA) in the state, so designated by the U. S. Geological 
lid 

of varying quality and There are eight hown Geothermal 

Survey on the basis of resources known and commercial interest shown in u 
e 1  

b er in wells, geochemical 

h bottom-hole temperatues, etc.. Most 

of the state show geothermal 

I 

of this informat een%mtunarized in Figure prepared by Swanberg 

(1979). 

from several state and federax agencies in New Mexico has indicated 

d 

u In addition, recent work based on analysis of well data collected 

Y several additional areas in th st parts of the 

*Data for Figures 11 thru 14 were llected from published Sources on 
the saline wziter 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). 

t 

23 
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Vncot~slidntcd 01 aliphuy consoll- Small (0 iwpr auppltrs 61 lntermonmr basins of B ~ l a  m d  

d n M  mvrI,’sand. rllt. clay. and 
tuffaunus rocks. some Interbrddtd 
oolranic rocks. 

Gravrl. sand. and elay. 

Sandstoor, shnle. and ronglommk. 

Shale. sandstonr, Ilmntonr, and coo- 

, Modi-rak to large auppllt‘a la aouthrm nigh PlalN. 
Small to posslbly moderate suppllcl lo 680 Juan B M ~ L  
Small aupplis tn the arrn of the Raton and LM V e m  Ylatpaur 

and la small a r eu  of Rnsla and Rnnge provlnw. Small to 
moderate aupplka In Colorado YkrtMu. 

Small to mdimtr. mippllla io lhr a m u  of thr %ton and Lss 
VIWU PIat4aua. thv vastem cdpc of the IhsIn nnd Rangr 
prorlncr. and the Colurndo Plahu. 

Oc.nc*mll yivlds small to  modem^ auppUn in the northtm haU 
of tlic L t e .  

I ruppl1ra locally. 

glomtmte. 
.I I - 

Sandstone with some shalr, tonglom- 
erati-. and c-I. 

6andstune; siitstonr. and shalr, with 
mtnv ilmcstonr and runFlorrv.mt.e. 

Sandstone. slltstonr, md rhalr, and Small to nimlmrc nupplka In the Canadinn R i v n  vallry. 
some cotig1i)mrrntr. n o d i r m  Prcos Vallvy. and Colondo l’latruu; p 4 b I e  inme 

Sants Fe m u p  and mlatfd 
h h n  Ull. 

opallnln fomatlon. 

Nacimlmto formation. 

Undlffcrentiated. Upper Crctaccous. 

Lower(?) and Upper Cm 
laccoua. 

UndlflercotlaLed. 

~ 

Dakota sandslone. 

UndiITtwn ttakd. 

Dorkum group. 

Dolomite. anhydrite. and ml aide. 

Anhydrite or gypsum. I m r  amountr 

Rc4Umcstona hlodrrnte to largr suplilirs io virinlty of Carbbd. 
of anlt snd IrmescOoc. 

Rrd brds gypsum. lilncrctonr. dolo- 
mllr. silt~tone. and smdstuw. 

Rurtler I o ~ U o n .  

Castlle formation. 

Capitan limestone. - I Guadnlupa. I ‘  Undiffcrcotbted. 
~~ 

Llnintonr nnd dolomitic liuicstonn Irupr sup Blin iu the I’rws Valley wid In t h r  vicinity Of the 
m ith sumo gypsum and mudstone. Zuni u p h .  

Sandstons and wme limntone. Orncrrlly yirldi rmnll supplies, but lwdy yleldr h e  sup 
pllm. where fraeturcd. 

FLok and yrlluw to white thirln. s l l t  Small to moderstc su plies la autem Rosin and R u r w  pror- 
stone. mp..m. llmcstone, and smd- loa trom Otcro &unty northward to Southan RoelrY 
stona hlouotalns and w t w n r d  to C&UUI Rlrer vdky. Ca ble 

of y i e l d q  largo auppiiu I-. pir t imhl ,  io tl:ic)r Tm* 
stone sclioo In soutliestem Oruo Couaty. 

Red shalc. silklone. sandstone. and Small rmpplin lo Dado and Rnngc prorInca 
conglomerate. 

Rm Audrrs limeslooe. 

Olofirta sandstone. 

Y m  formallan. 

A b  formation. 

\voucamp. 
C‘ndlllercnlhted. Undillncnthted. 

-- 
. a  
p1-• 

Limestone. shnle. and aundrtooc. Small to modrrete sup l l a  In I?& and Rmce provinrc and 00 
Punks of Boutlirra Xocky Meoacaitir Cuyeblc ol yleldloc I lurge supplier locauY. 

~~ 

Table 1. Saline water aquifers in New Mexico 
(Hood and Kister, 1962) 
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TOTAL DISSOLVED SOLID 

STATE O f  NEW MEXICO 
DEPTH 500' - 1,000' 
IN GROUNDWATER (ppm) IN 0,000 35,000 

W MILES Figure 11 LOKESH CHATURVED I ,5979 
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U 

h t z j  1,000 - 3,000 
3,000 - 10,000 
10,000 - 35,000 -1 TOTAL DISSOLVED SOLIDS 

IN GROUNDWATER (ppm) IN 
STATE OF NEW MEXICO >35,000 

DEPTH 1,000' - 3,000' 

LOKESH CHATURVED I 1979 
0 20 40 
W MILES Figure 12 
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iN GROUNDWATER (pprn) IN 

DEPTH 3,000'- 5,OO 
. STATE OF NEW MEXI 

hi 

1 

1-1 MILES Figure 13 LOKESH CHATURVEDI ,1979 
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0 20 40 
W MILES 

TOTAL DISSOLVED SOtlOS 
IN GROUNDWATER (ppm) IN 
STATE OF NEW MEXICO 

a 3,000 - 10,000 

10,000 - 35,000 
> 35,000 

.c DEPTH GREATER THAN 5,000' 

LCKESH CHATURVECI , 1979 
Figure 14 
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TRUTH OR COHSEOUENCES 

GARTOhl WELL 
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state which may prove t ain geothermal rce. These areas are 

shown in Figure 17. Tab 

area (numbered 1 thru 46) in Figure 17. 

provides a description of each of the. W 
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Figure 17 Geothermal Areas Based on Anomalous 
bottom hole temperatures in wells. 

(Chaturvedi , 1979) 
~-(., ... See Table 2 for explanations. 0 Tmrw w*y 
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E---: r: c c- F-l c- r e R""- r r-' c c 
EAS FAVORABLE TOR DEVEL 

Area . Area Name e l l s  Co_nlfdereb- Thermal 5 rings Representatlve Measured or Total Ranarks 
Ilo . -Range T n g e  No. &ge Temperature Estimated 04 ssolved Location 

Depths Temp. Temp. Temp. 
o f  o f  o f  Gradients Reservuir Sol ids  Lat Long 

(OC) (OC Id) (oc) 'Zih (mg 1-1) 0 1  0 1 

1 Noncisco Mesa 64 4 9  648 36 30 108 10 Chaturvedi 
( x  20 m i .  s. o f  farmington) 2055 72 

2 J i c a r i l  l a  Fpache Reservati 71 >76 763 36 20 107 20 

60 36 30 106 55 

Y 

2500 

125 C.G. 500 30 gpn 
240 gpn 

2 244- 39 Morrison formation deeper we l l  
flows 900 gpn 

8 Red Flouritaln Ranch 75 >32 293 
2 304- 32-48 70 >48 686 

686 kd 

12 7EO- 120- 5 32-70 very high 240 5000 

1 614 42. 52 >42 614 35 40 loa i o  
12 llorpah 59 .56 904 

13 Ekinteruma 

14 Canada Marcelina 52 >43 639 
15 White f l ew  1 271 28 >28 271 
16 Guadalupe Area 170 C.G. 
17 San Ysldro 100 C.G. 
I f 3  Fort blinrjate 1 593 61 >61 593 35 30 108 35 
19 Prcwit t  Area 1 ? 46 150 C.G. 35 25 106 25 
23 Jtrirz Reservoir 150 C.G. 35 25 106 35 
21 Closson 1 ? 61 61 35 15 108 20 
22 North o f  Socorro 41 150 C.G. 24 20 106 50 

24 Socorro 1 81 33 3 35 35 230 TOS for Socorro ga l le ry  34 05 107 00 Sunniers 

130 C.G. 530 325 9pn 

6 

Y 

23 1. Sarl hugustiel Plains 35 35 34 00 108 05 

25 Sari Francisco l lot  Springs 1 37 40 200 
26 Fricbarn Canyon Spring 1 33 33 150 9.4 gpn 33 45 109 00 e 

" 

6.9 gPm 33 50 108 50 " 

11 35-49 150 C.G. 650 50 9pn 33 15 108 50 " 27 Lower Frisco 

Table 2. 



AREAS FAVORABLE FOR 0EVEl.OI'llENT OF LOW-TEMPERATUIfE ( <90nC) GEOTtIERblAL RESOURCES IN NEGI NEXICO 

Area Area Name - Wells Considered- Thermal S rings 
no. No.' Range Range -%--dig- 

of o f  o f  
Depths Temp. Temp. 

2R The Meadows 
29 Gila Hot Spring 
30 T or C 
31 Turkey Creek Hot Spring 
32 C l i f f  A rea  
33 l4iinbres tl,S. 
34 flcrry Sprinqs 
35 San Oiego Mtn. 
36 Carton \-!ell 
37 North o f  Lordsburg 
38 Faywood H. S. 
39 Radium ti. S. 

40 Lightning Oock 
41 Lordsburg 
42 Las Alturas 
4 3  Mesqui te-Berino 
44 Southern Tularosa Basin 
45 Kilhourne Hole 
4G Colunibus Area 

4 27-34 
5 36-66 
3 40-43 
? 74 

2 11-91 30-33 1 25 
24 34-62 

1 34 
warm 

1 301 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 1  71 
1 2239 45 

NOTE : __ i 

Chaturvedi p.2 

Representative Measured or Total Remarks Approx. References 
Tenipc ra ture Estimated Dissolved Location 
Gradients Rescrvoir Sol ids Lat Long 

Teno. 

0 1  0 1 

34 150 33 20 108 20 Sunrners 
66 450 460 gpn 33 10 108 10 I, 

100 C.G. 2500 33 10 102 15 " 

>35 91 '500 35 50 108 35 Sumcrs 
>60 250 32 45 107 50 " 

100 C.G. 1000 32 50 107 15 S Swanher 
125 C.G. 5r)  32 40 107 00 Swanberg 
>45 301 9000 . 32 46 106 10 Sumers 
>35 147 32 30 108 55 Chaturvedi 
55 380 32 35 108 00 Sumwrs 

130 C.G. 3500 32 30 106 55 Surniers/Swanber 
170 C.G. 1500 32 10 108 50 Swanberg 
150 C.G. 32 15 108 30 Swanberg 
120 C.G. 1600 32 15 106 45 Chaturvcdf/UStS 
120 C.G. 1000 32 10 106 30 Chaturved;/USGS 
150 C.G. 32 OS 106 05 Swanberg 
155 C.G. 500 gpn frm (190-205 m) a t  45OC 31 55 106 55 Swanberg 
155 C.G. 31 50 107 30 Swanberg 

74 33 05 103 30 Swanberg 

C.G. 5 Chemical Geothermometer by Swanberg 

Table 2. (Contd.) 
Lokesh Chaturvedi, 1978 
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"*ld 
t ION TEWOLOGY 

Introduction 

Salt can be removed from water by various chemical or physical 

t processes, the most important of which are the following. 

Constituent ve Phase to which 
Process (es) from Saline Water Transported d 

h Distillation ' Water 
Membrane 
Reverse Osmosi 

ib Electrodialysis Salt 

Vapor 

Liquid 
Liquid 

Freezing Water Solid 
Hydrate Water Solid h 

b 
Distillation Processes 

Distillation is the most commonly used desalination process with 

G 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 

through tubes positioned in the upper portion of horizontal vessels. 

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

*b 
The saline solution is pumped 

h 

iki 
series of vertical baffles. The coolest stage,is the nth and thb 

bbd ottest is the 1st with the entire process operating at more than 65OC 

radually as it passes The saline water is thus he 

stage, but because the 
t 

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 

Y 

35 h 



generated steam. 

first stage where it flashes and releases steam, 

condenses on the tubes and passes off its heat to the saline water in the 

tubes, then drips into troughs under the tubes. 

operated at a slightly lower pressure than the first causing the brine 

and the pure water to spontaneously flow through liquid pressure seals. 

The flashing/condensing procedure repeats in the many stages of the system 

The saline solution is then fed to the shell side of the 

This steam rises, 

The second stage is 

drawing all the available heat from the brine. Excess brine beyond that 

needed for recycling is'disposed and the pure freshwater in.the troughs is 

the product. 

steam used. 

It is possible to acjhieve 21 lb of freshwater per lb of 

Vertical-Tube Evaporator (VGE). Saline water is deaerated and mixed 

with scale-control chemicals, heated in several preheaters, fed into the 

top of a VTE or the first effect where boiler steam passes on the shell- 

side of the tubes. 

by the heat from the condensing shell-side steam. 

condensate is returned to the boiler as feedwater. 

boiling saline water condenses in the shell side of the second effect to 

form product water and boil the brine falling inside the tubes of the 

second effect. 

the next effect where it is flashed, producing steam, because of a pressure 

reduction. 

effect. 

The saline water falling within the tubes is boiled 

The first effect 

The steam from the 

In each of the effects, some of the brine is bottom of 

Each effect is operated at a lower pressure than the previous 

Vapor-Compressor Distillation. Vapor-compression can be integrated 

into either the MFE or the VTE processes. Saline water is fed into and 

boiled in a tubular heat exchanger within the evaporation chamber. 

resulting steam is transferred to a compressor, which increases both the 

The 
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I 

L pressure and heat content f the steam which ondensed on the shell- 

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

water within the tubes. 

LJ 
t 

hid 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. 

k I 

d 
Membrane Processes 

Li 30th Rverse Osmosis and Electrodialysis are membrane processes 
s which do not involve a phase change and generally require less energy 

than distillation. 

dissolved salts present and thus are most popular for lower levels of 

salts (less than 3000-4000 ppm). A membrane may, in general, be defined 

Energy requirements are proportional to the level of 
Lid 

h 

as a selective filter. itid 

lid 

L 

Reverse Osmosis. ,In the reverse osmosis process pure water and 

saline water are placed on opposite sides of a membrane.. A pressure is 

applied to the saline solution in excess of the osmotic pressure. Fresh- 

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

side. 

of the salt level in the saline water and is typically 300-800 psig. 

The process has a potentially high thermodynamic efficiency, but one 

b: The required pressure to overcome the osmotic pressure is a function 

Id 

id 

ii 

Li 
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the cation-permeable membranes while the chloride (and other negatively 

charged ions) passes through the anion-permeable membranes. 

i 
Water in L# 

i 
the center chamber of each membrane sandwich is salt-depleted and water 

in the adjacent chambers is salt-enriched. 

mainly of the amount of electric current needed which is proportional to 

the salt amounts to be removed. 

process for saline waters up to 2500 ppm.. 

Demineralization cost consists 

I 
i 
i 
L 
1 
1 
t 
I 
t 
I 

Therefore, electrodialysis is the favored 

- Freezing Processes 

The solid component of partially frozen saline water is pure ice 
2 with the remaining liquid more concentrated in salt. 

adhering salt water removed as best as possible, with the ice then to be 

melted to yield product water. 

direct and the secondary refrigerant processes. 

The ice is separated, 

The two main freezing processes are the 

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

to form a mixture of ice crystals in brine. 

the incoming saline solution is frozen. 

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. 

and fed to the top of the separation column. 

Approximately one-half of 

The brine and ice mixture is 

Vapor from the freezing chamber is condensed 

r L Secondary Refrigerant Freezing. The saline water is deaerated, 

cooled in brine and product coolers, and then flashed in direct contact 

with a hydrocarbon such as butane or isobutane. 

brine mixture is pumped to a separation column where the brine is removed, 
I 

Lr 

The resulting ice and 

L- 
b 

I 
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** ice washed, and the ice mechanically transferred to the melter. .The 

J flashed hydrocarbon vap compressed and r led to the freezing 
llps section. 

I 

m i  Hydrate Process 

A low-molecular-weight hydrocarbon, suc opane, is combined 

ith water to fo ich reject ionic components. Excess 
d 

vaporized a after it i$ compressed and condensed. 
Id 

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

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

;;; 
Y Feasibility of Geothermal Desalination 

The geothermP1 resource potentially available for desalination in 
I 

New Mexico consists of low temperature (6O-9O0C) water. 

of the chemical and physical processes of desalination mentioned above, 

only the distillation methods will be suitable. 

feasibility of geothermal desalination in New Mexico is examined by 

For this reason, Y 

d 
In this section, the 

b 
making certain cost assumptions and without regard to a particular 

iui locati 

In our study we,find that the best way of using geothermal water 

as a heat 3ource is t o  directly m i x  the geothermal water with the saline 

water if the TDS (Total Dissolved Solids) of both are approximately the 

' 
Id 

lid 
Calculations ar here made for the following two cases. 

b Case 1: Where geothermal water is mixed with saline water in a 

o with the temperature of geothermal water equal 

(14OOF) and the temperature of 'the saline water 
& 

equal t o  2 0 ' ~  (68OF). This case is referred as our u 
II worst case" since we are using both a low geothermal to 

saline water ratio and a low geothermal water temperature. 
;J u 
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! 
Case 2: Where geothermal waters alone are desalinated at a feed I 

temperature of 12OoC (194'F). This may be referred as L* t 

i 
our "best case" since the temperature of the geothermal 

water is assumed to be about the highest at reasonable 

depths found in New Mexico. 
f 

By choosing these two cases we have set the upper and lower limits 

1 
t 

for use of geothermal waters in distillation desalination for a MSF 

(Multistage Flash) type process. 

as being feasible to the extent of demonstrating a sizable energy savings 

would indicate that any better caje (higher geothermal feed temperature, 

The qualification of our "worst case" 

L 

higher geothermal to saline water ratio; etc.) will prove to be even L 
, I more feasible. 

L 
Due to the low temperatures for geothermal waters found in New 

k Mexico, the best we can hope for is that the geothermal energy be used 

as a source of preheating so as to increase the feed temperature of the r -  
saline water. L 

0 

k 
L 

obtained as follows: L 
i 

For a geothermal feed temperature of 60°C (140 F) and a saline water 

feed temperature of 2OoC (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 3OoC (86OF). This value is 

Energy balance about the mixer (Figure 18) assuming negligible 

heat losses yields: 

f 
L Heat gained by saline water = Heat lost by geothermal water 

Assuming the heat capacities of the two streams (geothermal and 

saline feeds t o  the mixer) to be the same, we can write: i 
L L 

b 40 



Geothermal 

Saline 

Y Stage n th & 2 nd 1 st 
2 I, Steam 



Where 

= Mass flow rate of geothermal..water 

Sic =  ass flow rate of. sal ine water 

TGI = In l e t  temperature of geothermal water 
t 
t = In l e t  temperature of sa l ine  water TSI 

1 T = Outlet temperahre of the mixture 
0 

L 
Since 

%/Rc = 1/3, we obtain 
1 

1 = 3(To-68) 

(140-T ) 
0 

or  

t 

L 

E -  
L; 

T = 86% (3OoC) 

t 0 

NOTE: From the process schematic (Figure 18) i t  can be seen that  the 
I 

sa l ine  water which enters  the nth stage is lower in temperature 

than when i t  leaves the 1st stage due t o  heat t ransfer  from 

condensing steam. In our calculations, we  l e t  the value of I 
1 

TSI equal t o  the sa l ine  water exit ing the 1st stage. 

The heat required t o  bring the temperature of sa l ine  water from 
L 

68OF (2OoC) to.482'F (25OOC) is given by "q": i 



J 

d Now 

(P (lbm/ft3) 1 +J 

d 7.48 g a l  

C = heat  capacity (Btu/lbm-OF) 
w 

3 ens i ty  (lbm/ft ) 

Y Here 

C = 1.0 Btu/lbm-OF 
P 

3 
p = 62.0 lbm/ft  

w q = ( 1 0 ~ 1 0 ~ )  (1/7.48) (62.0) (1.0) (482-68) 

q = 3 . 4 3 ~ 1 0 ~ '  Btu/Gy 

lu 
Since in t he  present  case the water has a l ready been heated up t o  

by using geothermal energy as preheat,  t h e  energy savings is given "T 

by "qs" 
hd 0 

= ( 1 0 ~ 1 0 ~ )  (1/7.48) (62.0) (To-68) 
hd 

qs 

d 

u 
i h 

1 b 

= ( 1 0 ~ 1 0 ~ )  (1/7.48) (62.0) (86-68) qs * 

= 1.49~10' Xi00 = 4.34%; 

id 3 . 4 3 ~ 1 0 ' ~  

Using t h e  above procedure, t h e  energy savings and percent savings 

are a l s o  calculated f o r  var ious cases where f o r  a 10 MGD product water 

capacity,  t he  e f f e c t  of both a .75 and 0.50 r a t i o  geothermal water t o  

L 

L 
.Li s a l i n e  water were calculated f o r  geothermal feed temperature of 140, 

u 
43 



194, and 248 (OF) and saline feed temperatures of 7OoF and 90°F. These 
i 
i 

L,- 

L 
results are reported in Table 3. 

I Case 2 - Desalination of Geothermal Water Alone - - 
Using the methods outlined for Case 1, for a liquid feed at a i 

temperature of 120°C (248OF), the amount of heat energy saves is 

7 10 q = 8.289XlO (248-68) = 1.492X10 (Btu/Day) 

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

t 
i 
1 

energy is: 
10 1.492XlO XlOO = 43.47% 

3. 43W010 
percent of energy s&ed = 

Conclusions and Recommendations 

I 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 (Clarket. al., 1969; Prehn, et. al, 

1970) that the operation and maintenance costs account for 66.4% of the 

total costs, and that steam costs account for 54.25% of the operating 

L 

L 
t 

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%). 

i 
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Figure 19 Location of known thermal wells and associated thermal areas 
in New fb!exico 
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CHAPTER 4 t 
ltcd 

u POTENTIAL GEOTHERMAL DESALINATION SITES 
IN NEW MEXICO 1 

I n i t i a l  Screening cd 

I For the  purpose of analysis of si  eothermal desalination 
od 

potent ia l  i n  New Mexico, the state has b 

rri 

Tularosa Basin, Lower Tularosa Basin o Grande Basin and the North- 

western Plateau. ormed at  the East Mesa T e s t  S i t e  ( I m p e r i a l  

Valley, Calif o r  that no corrosion has been observed from 

8OoC (35OOF) and with 

Lr 

5 
d 

ines  ranging 

ii s a l i n i t i e s  of 2000 ppm t o  ed solids.  Tests a l so  

show that "threshold" treatment w i t  lene phosphates (AMP) 
iJ 

L 

u 
1 

la 

L 
br 

ei 
ahid 
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Rio Grande Basin. A water resource study done i n  the Rio Grande b 

id  
Basin indicates  tha t  t h i s  area containsabundantsupplies of both f resh  

and sa l ine  water (Kelly, 1970). A cross-section of t h i s  basin showing 
L.l 

the approximate depth and qua l i ty  of the groundwater is presented i n  

Figure 20. T h i s  study estimates tha t  the thicknesses of the f resh  water 

vary between 900 m-1200 m (3000 ft-4000 f5) i n  the middle basin near 

Albuquerque t o  2400 m (8000 f t )  i n  the upper basin near Taos. The 

f 
L the yearly recharge by the  Rio Grande. 

these f resh  water aquifers are un5erlain by extensive sa l ine  water aquifers 

The study a l so  estimates tha t  

of approximately the same thickness, 900 m-1200 m (3000 ft-4000 f t ) .  i 
t 

extensive f resh  water aquifers  i n  t h i s  basin are d i r ec t ly  a t t r ibu ted  t o  

Because the f resh  w a t e r  resources of t h i s  area are so extensive and more 

i 

i 

eas i ly  accessible than the sa l ine  water resources, t h i s  area has a minimal 

need f o r  desalination. 

t 

A s m a l l  po ten t ia l  f o r  desalination i n  t h i s  area is the Rio Grande 

i t s e l f .  The sal t  content of the Rio Grande has continued t o  increase over 

the past  few decades as the amount of land under i r r i g a t i o n  and the amount 

of inorganic salts  used as f e r t i l i z e r s  has continued t o  increase (USGS, 

1970; USGS, 1965; USGS, 1961). 

€ 

b 
L 
I 
i 

Upper and Lower Tularosa Basins. The Tularosa Basin is a bolson, 

bounded by the  Organ and San Andres Mountains on the w e s t  and the 

Sacramento Mountains on the east (Figure 21). 

ward from the Texas-New Mexico state Line f o r  250 km (150 miles) and is 

up t o  75 km (45 miles) wide. 

is no surface water outflow and a l l  surface w a t e r  inflow e i the r  evaporates 

This basin extends north- 

8 

Because of the geology of t h i s  basin there 

L 
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SALINE WATZRS 

--...- DENOTES T,!ERMAL AREA 

---- COUNTY ECUNOARIES 
t 
i 
b 

c- Figure 21 Extent of saline groundwater resources in tha Tu!arosa 
Basin of New Mexico. (Source: McLean, 1970) 

L 

L 
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t.i 

1970 and McLean, 1970). ypical cross-sect f the Tularosa Basin 

is shown in Figure 22, ows the exten the fresh and saline 

water resources of this area. 

kd 
ki 

Studies have indicated that only about 0.2% of the water in the basin c$ 
is fresh and is found only at the edges of the basin at the edges of 

the mountain ranges (Kelly, 1970). Most of the water in the basin, 

approximately 98%, is classified as brine since it contains over 35,000 ppm 

TDS. 

acre-feet), contains 1000 ppm bo 35,000 ppm TDS (Kelly, 1970). 

the basin the water table 

below the ground surface, which makes the.water easily accessible 

1 

id 

About 2% of the water, or 12 million hectare-meters (95 million 
ki 

L Throughout 

s betwyn 50 m and 150 m (166 ft and 500 ft) 

ir 
(Kelly, 1970 and McLean, 1970). 

The limited fresh water resources of the Tularosa Basin indicate 
L 

a need for new sources of fresh water. Though most of the saline water hi 
in this basin is brine and difficult to desalinize, sufficient quantities 

i i  of slightly saline, and moderately saline water, are available to allow 

for more efficient large le desalination. 

Northwestern Plateau he fresh water resources in the north- il 
/ I  

western corner of Mew Mexico are somewhat 1 

is more abundant 

River, while in the -Grants area the fresh groundwater supplies 

are just adequate f ent consumption (Morris, 1971 and Le Gros, 

1970). The San Ju ter which could 

possibly be used to suppl 

plateau. In contrast to t h water,resources in this area, 

the northwestern corner of New Mexico is underlain by extensive saline 

water resources, as shown in Figure 23. 

ted. Fresh groundwater 

o recharge by the San Juan 
id 

& 

id 

supplies in the northwestern 

L -. 
Almost all of the northwestern 

dd 
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I u Figure 23 Extent of moderately saline water resources in the 

Northwestern Plateau Thermal Ares of New Mexico. 
‘d (Source: Kelly, 1970) kr 
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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 consideration in evaluating potential geothermal desalination 

sites is the expected increase in water consumption in the area caused 

by increases in population and industry. 

the Rio Grande Basin has abundant fresh water resources. 

no expected increase in water consumption in the three remaining areas, 
z then the additional fresh water provided by desalination will not be 

needed. 

with respect to expected increased water demand to determine the final 

geothermal desalination sites.. 

As previously mentioned, only 

If there is 

Therefore, the remaining thermal areas will be further evaluated 

Upper andLowerTularosa 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 

Tularosa Basin the city of Tularosa has one of the lowest qualities of 

drinking water in the state with approximately 2000 ppm TDS (Morris, 

1971). Both Alamogordo and Tularosa receive fresh water from wells in 

the Tularosa Basin and the nearby mountains. 

water are almost completely appropriated and other sources are not 

readily available (Lansford, 1976 and Stucky, 1971). 

obtains its fresh water supplies from the Rio Grande Basin, either as 

These sources of fresh 

The El Paso area 

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

increased growth will require additional groundwater supplies. A large 



lu desalination plant in t wer Tularosa Bas uld provide fresh 

water for these three areas and may indeed be more economical than 

developing other istant sources of fresh water. 

L d  

iid 

Northwestern Plateau. This area will probably experience the 
b 

largest growth rate in the state and will therefore have the most 

significant need for the development of fresh water resources. 

energy production becomes more important, this area with vast coal fields 

As 

and uranium deposits will continue to expand industrially in mining 

and in population (Bur. of Rec., 1976). 

h 

The cities expected to realize 
b 

most of the growth are Famington9Gallup, and Grants, the largest cities 

expected increase in the area. Farmington should be able to meet the t 

h 
in water consumption because of abundant fresh water resources in the 

A large growth at Gallup and Grants, however, could severely 

deplete fresh water supplies in these two cities. 

of increased industry and mining in the area must also be met. 

The water requirements L1 
A large 

il desalination plant in e Id provide fresh water 

for industrial, mining, 

Repions with Greatest Potential for Geothermal-Desalination 
L: 
I /  
L; Each potential geothermal desalinat area in New Mexico was 

evaluated for the quality and quantity of the geothermal w 

availability of fresh an er resources, and the expected 
L 

tion trends. A summary of 

is presented 
iJ 
L 4 and 5. On the basis of this alysis , five potential geothermal 

desalination sites are selected. These are shown in Figure 24. 
hi 
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Figure 24 location of potential geothermal desalination sites in New Mexico. L 
k 





NORTHWESTERN PLATEAU THERMAL AREA 

Gallup Expected Iarge growth due to increased coal mining 
Inadequate water supply for large population growth 
Extensive saline water resources 
Possibly share expenses and product water from 

Close proximity of thermal and saline water to city 
desalination with industry 

Grants Expected large growth due to increased uranium and 

Possible critical demand on the water supply if  a 
coal mining 

large popuiation growth 
Extensive saline water resources 
Possibly share expenses of desalination with uranium 

Close proximity of thermal and saline water to city 
industry 3 

RIO GRANDE BASIN THERMAL AREA 

Truth or 
Consequences in the Future 

water source 

Possible salt reduction required in Rio Grande River 

Elephant Butte Reservoir provides constant intake 

Extensive thermal water resources nearby 

LOWER TULAROSA BASIN THERMAL AREA 

Tularosa Expected continued growth rate 
Alamogordo 
EI Paso 

Mi n i ma I fresh water resources 
Most extensive saline water resources in the state 
Extensive thermal water- resources 
Possibly share expenses between the three cities 

for a large scale desalination plant. 

- .  

Table 5 .  , Final geothermal desalination site selections with evaluation 
summaries. 



i: 
The geothermal hydrology of the final geothermal desalination sites 

is probably the most important consideration in establishing the locations 

of geothermal, saline 

hydraulic characteristics of the aquifers in these are 

number, depth, and diameter, and therefore the cost, of each type of 

well drilled. 

d brine disposal wells in these areas. The 

L O  

L 
To estimate the projected cost of geothermal desalination 1 ;  

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

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

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

have until recently been 'considered nuisances and aquifers containing these 

types of water were usually plugged off. 

Id 

L 
i ,  

t 
T i  Because of the rather limited 

-knowledge of the groundwater hydrology of~these types of aquifers, the I$ 
* -  

hydraulic properties will be given as ranges. 

of these hydrau1ic.properties will give a better idea of the possible 

variance which can be expected in producing a particular aquifer, 

Combinations of the ranges L 

L 
L 

Gallup: The Gallup area has been previously considered as a potential 

desalination site (Le Gros, 1970). 

water recovery and disposal wells were located north of Gallup 

work (Chaturvedi, unpublished data) indicates the presence of geothermal 

resource near Gallup (one well east 

1800 ft). 

In that study, the potential saline 
r *  
iu 
I 

id 

L According to Le Gros (1970), the mo 

e Gallup area 

Morrison, at a max 

has greater than 1 

andstones and the upper 

0 1  

Lil 

59 



and has pumping capabilities as high as 2800 l/min (700 gal/min). 

The combined aquifer characteristics are listed in Table 6. 

The estimated temperatures of thermal waters in the Gallup area 

at a depth of one km (3300 ft) are between 30°C-70°C (86°F-1500F). 

average temperature at that depth is approximately 5OoC (122OF), and the 

number of thermal wells indicate an extensive thermal aquifer. 

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

sandstone aquifer at this depth. 

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

The 

A new 

Le Gros (1970) predicts the net thickness 

1300 m (3300 ft - 4250 ft) . The Rumping capacity2exceeds 2800 l/min 
Y 

(700 gal/min). The combined sandstone aquifer characteristics are listed 

in Table 6. 

Grants: In the Grants area, most geothermal wells are located 

northeast of Grants, while the extensive saline aquifers are located north 

of Grants. 

reports of high temperatures encountered in several of the recently 

In addition, there are persistent but as yet unconfirmed 

drilled exploration wells for uranium in the area. 

The Gallup and Grants areas have approximately the same geology 

and similar geologic formations. 

are notknownand are listed as ranges, the same aquifer properties as 

Gallup will be used for this location. 

consideration in supplying feed water to a desalination plant. 

be mor= economical to buy excess water from nearby uranium mine dewatering 

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

In this case, only the available quantity of water needs to be known. 

Because the actual aquifer characteristics 

The Grants area has an added 

It may 

Crudely estimated temperatures of the thermal waters in the Grants 

area at a depth of one km (3300 ft) are between 3OoC-5O0C (86OF-l22'F), 



3-10 50-70 

* - Nullhers i n  parentheses are i n  the given English System units.  
ni - i ieters,  ft - feet ,  LPE! - l iters/minute, GPM - gallonslniinute, gut/l - gratns/liter 
MPD - iiteters/day, FPO - Feet/day 
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I- 
i 
s- 
I 

with an avera temperature of approximately 45OC (113'F). Because of c. 

Ut& the similar geology and similar temperatures of this area 
i 
tm area, the same thermal aquifer properties have been assumed. 
- 

1 

L. 
Truth or Consequences: The most logical i lace for a desalination 

e on the river at a reservoir so plant to improve river quality wo 

that a constant source of water ilable. This condition exists 

at Elephant Butte Dam, 5 Ian (3 miles) eas 

(T or C). Assuming smaller quanties of geothe 

desalination, it would be easier to locate the 

the geothermal water to the plant3 

t- 
I 
k 

i 
L 
I 

c 
t 
t 

I b 
f 
L 
6 

Elephant Butte Reservoir has a capacity of approximatley 0.26 

I i 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 on the 

, Colorado River. 

The estimated water temperature of the thermal water in thi 
I 
I at a depth of one km (3300 ft) is at least 6OoC (13OOF). For wells in 

the extensive Rio Grande Basin, high porosities and penneabilities are 

common and maximum yields should be between 2000 l/min-2800 1 

(500 gal/min-700 gal/min) (Kelly, 1970). The estimated thermal water 

quality is between 1000-3000 ppm. 

are listed in Table 6. 

I 

The thermal aquifer characteristics 

Lower Tularosa Basin: The Tularosa Basin has extens 

resources and the location of the saline water well fie1 

considerably without affecting the yields significantly. Ther 

ater well fields should be located near a t h e m  !-- 
i 

L &-- with the lowest salinity groundwater. Known thermal wells 

h 
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t 

It. are located in both the northern and southern portions of the Lower 

Tularosa Basin. Bec thermal wells, two 

well field locations h en chosen. The So rn well field is 

Ij approximately 100 km (60 miles) south and 20 km (12 miles) west of 

Alamorgordog i.e..45 km (27 miles) east and 35 

El Paso. 

water to both cities. 

of Alamogordo, 

(20 miles) north of 

A large scale desalination plant in this area could supply 

The northern well field is approximately south 1 
ibl The southern well field is in an extensive aquifer of slightly 

saline water, (1000-3000 ppm), between 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). Transmissivities in the basin range from 100 m /day- 

200 m /day (1100 ft. /day-2200 ft /day) at the center of the basin up 

to 400 m /day (44,000 ft /day) at the edges of the basin, while specific 

yields range from 6% to 10% (McLean, 1970). 

1200 l/min-2800 l/min (300 gal/min-700 gal/min) (Kelly, 1970 and McLean, 

Y 

I '  

2 t 
2 2 2 

2 2 L 
u 

Id 
u 

Maximum yields range from 

u The saline aquifer characteristics of the two well fields are 

listed in Table 6 .  

The estimated temperatur 

50°C-70°C (122OF-158OF) in th 

the thermal waters in this basin are 

hern portion, and 5OoC (122OF) in the 

ii in the northern portion these 

temperatures are es th of one km (3300 ft). The thermal - 
characteris tic s .  ine aquifer character- 

gher salt content. 

iJ 

... 

The therma1.water.aquifer characteristics are also listed in Table 6 .  

. -  
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Introduction 

The s i z e  and efficiency of a desalination plant  and the type of 
L 

u 
li 

L 
u 
i; 

G geothermal d i s t i l l a t i o n  process used determine the  quant i t ies  of s a l ine  

and geothermal process water required and f resh  product water obtained. 

The quant i t ies  of s a l ine  and geothermalwater required and the hydraulic 

properties of these aquifers determine the s i ze  and areal extent of the 

process water supply system 

s igni f icant ly  a f f ec t  the co 

designed. 

r w e l l  f i e lds .  These supply systems can 

of desalination, and therefore must be 

L 

To obtain an accurate estimate of the w e l l  f i e l d s  

l t i p l e  types of geothermal desalination processes, 

After conside 

u chosen: 4.0 MLD, 

ii 
ties of sa l ine  water are eas i ly  avai lable  and b 

i 

The r a t i o s  of geothermalwater t o  sa l ine  water considered are based 



t 

k 

Lr 
i 

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). 

to the low temperatures determined, is a ratio of one to five, geothermal 

The lowest range assumed possible, due 

t 
water to saline water. 

The maximum pumping capacities for the saline and geothermal aquifers 

I 
t 
t 

at each desalination site are listed in Table 6. The sustained pumping 

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

the period of time the well is continuously pumped. 

shallow aquifers, the sustained pyping capacity could be significantly 

lower than the maximum pumping capacity. -For this reason the sustained 

pumping capacities considered vary from 800 l/min to 3600 l/min (200 

gal/min-900 gal/min). 

Therefore, for 

I 

l 

Table 7 shows the number of wells required for both the saline 

p' 
and geothermal aquifers for different plant sizes, ratios of geothermal 

water to saline watek, and sustained pumping rates. The number of wells 

L 

P required includes onk auxiliary well, such that production capacity is 
1 L 

not lost during well repair. 

Well Field Sustained1 Pumping Capacities and Drawdowns 

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

well fields for each1 desalination site can be designed. 

of wells required and aquifer hydraulic characteristics known, an array 

can be chosen and the well field drawdowns calculated for different well 

spacings and sustained pumping rates. 

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

and Wenzel (1942) and is given below: 

With the number 

I 

,- 

The most widely used unsteady 

l 

~ <. j 
i 
I 

I 
. I  

66 
I 

L 
i 
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L 
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MLD - iriillion liters/day, MGD - million gallons/day 
LPM - 1 iters/ininute, GPM - gallons/ininute 
SAS - saine as saline wells 



-U du h' = - e -  
U 4 r T  - 

h' = Q W(u) 
4nT 

where h' is the  drawdown, Q is the  w e l l  discharge, T is the  transmissivity,  

r is the  radius a t  which the  drawdown is determined, S is the  storage 

t coeff ic ient ,  t is the  t i m e  s ince pumping began, and W(u) is the  w e l l  

t 
function, which is equal t o  the  in t eg ra l  i n  Equation 5.1. Using the theory L 

r -  of superposition, the drawdown at  any point i n  a w e l l  f i e l d  would equal 

the summation of t he  drawdowns a t  tha t  point of each w e l l  i n  the  f i e ld .  

The equation f o r  the  drawdown at  any point i n  a w e l l  f i e l d  can therefore 

L 

3 

be writ ten: 
n n 

i=1 i=i 
h = C h ' i  = C 4 r T  W(ui) (5.3) 

where h is the  t o t a l  drawdown a t  a par t icu lar  point,  h ' i  is the  drawdown 

a t  tha t  point due t o  the  ith w e l l ,  Qi is the discharge of the ith w e l l ,  

c W(ui) is the w e l l  function of t he  ith w e l l ,  and n i s  the t o t a l  number 

of w e l l s  i n  the f i e l d  (Viessman, 1972 and Stucky, 1971). 

5.3 and w e l l  spacings of 400 m (0.25 m i l e s ) ,  800 m (0.50 m i l e s ) ,  160Om 

Using Equation 

f~ 
(1.0 mile), and 2000 m (1.25 miles),  and the number of w e l l s  required for 

h 

b 



, /  , 
id 

i '  
9 8  

/ 

rw spacing of 2000 m (1.25 ), which makes 11 scale plants  

easible  . for  these areas e maximum drawd o r  both sa l ine  and 

geothermal aquifers  f o r  4.0 MLD (1.0 MGD) and 20.0 MLD (5.0 MGD) p lants  

are 102 m (330 f t ) .  and 104m (340 f t ) ,  respectively. 

h I" 

d 
I : Due t o  the large quant i t ies  of f resh  water 

I ii 
I 

needed t o  reduce the  s a l i n i t y  of the Rio Grande, only the large scale ,  

80 MLD (20 MGD) plant  will be considered. 

thick aquifers  i n  the Rio Grande Basin and the higher permeabilities, 

higher sustained pumping rates and closer w e l l  spacings can be used 

Because of the r e l a t ive ly  
LJ 

n t h i s  area. A t  a sustained pump$ng rate of 2800 l / m  (700 gal/min) 
u 
1l and a w e l l  spacing of 400 m (one-quarter mi1e);the drawdown f o r  a one 

t o  f i v e  r a t i o  geothermalwater t o  sa l ine  w a t e r  p lant  is 100 m (330 f t ) .  

For a plant  using a one t o  one r a t io ,  the maximum drawdown is 220 m 

(660 f t ) .  

Lower Tularosa Basin: In t h i s  area two separate plant  site locations 
L 

i 

< 1  
lei have been considered. T hydraulic charac te r i s t ics  and aquifer thicknesses 

similar, though the s i z e  of the plant at  each of both locations are ve 

locat ion w i l l  d i f fe r .  

production plant  of e i t h e r  40 MLD (10 MGD) or  80 MLD (20 MGD) t o  supply 

f resh  water t o  both Alamogordo and E l  Paso or  possibly only E l  Paso. 

The southern s i t e  w i l l  be considered f o r  a high 

lbi 

iJ The northern sit onsidered f o r  edium s i z e  plant of e i the r  

20 MLD (5 MGD) o r  40 MLJ) 0 MGD) capacit  

Alamorgordo and Tularosa. 

supply f resh  water t o  

u 

L 

ei be pumped at higher sustained rate and at  closer spacings. The northern 

Because of excellent hydraulic charac te r i s t ics  and extensive and 

thick aquifers,  both the north and south saline water w e l l  f i e l d s  can 

f i e l d  can be pumped a sustained rate of 2800 l/min (700 gal/min) and 

ing of 400 m (one-quarter m i l e )  with maximum drawdowns of 

69 



24 m (80 ft) and 40 m (132 ft) for the 20 MLD (5 MGD) and 40 MLD (10 MGD) L.r 

i 
plants, 

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

MLLI (20 MGD) plant. 

The southern field can be pumped at the same sustained capacity t 

The geothermal aquifer drawdowns can be expected to be about the i 

same as the saline aquifer drawdowns for the desalination process 

requiring only geothermal water, since the aquifer characteristics and 

the number of wells required are the same. 

L 

Assuming the same pumping 
f 
L rates and well spacings as the saline aquifers, the maximum drawdowns of 

i the geothermal aquifers at a one t.. five ratio geothermal water to saline 

L water are 10 m (33 ft), 15 m (48 ft), and 20 m (66 ft) for the 20 MLD 

(5.0 MGD), 40 MLD (10.0 MGD),  and the 80 MLD (20-0  MGD) plants, 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. 

t 



TABLE 8. Maximum drawdowns for  saline and geothermal aquifers a t  '4 
L1 each potential geothermal desalination s i t e  i n  New Mexico. 

I 

Sustained 
PI a n t  Location P1 an t  Pumping - Me11 Maximum 

4 

h Aqu i fe r  MLD (MGD)* LPM (GPM) ' m ( f t )  m (ft)  
I and Type o f  Capacity Rate Spacing Drawdown 

GALLUP - GRANTS 

Saline Aquifer 4.9 800 (200) 2000 (6600) 102 (336) 
20 800 (ZOO) 2000 (6600) 104 (340) 

L Geothermal Aquifer 4.0 (1.0) 800 (200) 2000 (6600)- 100 (330) 
Ratio 1:s Geothermal 20 (5.0) ~ 800 (200) 2000 (660.0) 200 (330) 
t o  Saline Water 

b 
Geothermal Hater 4.0 (1.0) 800 (200) 2000 (6600) 102 (336) 
Only 20 (5.0) 800 (200) 2000 (€600) 104 (340) 

lu 

T OR C 
tkd 

u 

L .  Ratio 1:s Geothermal 

ltJ TULAROSA BAS IN 

Geothermal Aquifer 
Ratio 1: 1 Geothermal -(20) 2800 (700) 400 (1320) 220 (660) 
ts Saline Water 

t o  Saline Water 80 (20) 2800 (700) 400'(1320) 
I 

400 (1320) , 24 (80) 
400 (1320) 40 (132) 
400 (1320) 56 (135) 

Saline Aquifer 
hi 

Id Geothermal Aquifer 20 (5) 2800 (700) 400 (1320) 10 (33) 
Ratio 1:s Geothermal 40 (lo) 2800 (700) 400 (1320) 15 (48) 
t o  Saline Water 80 (20) 2800 (700) 409 (1320) 20 (66) 

2800 (700) 400 (1320) 24 (80) 
2800 (700) 400 1320) 40 (132) 

rd Geothermal Water 

400 t 1320) 56 (155) - -  
' Only 

80 (20) 2800 (700) 

* - Numbers i n  parentheses are i n  the given Eng'lish System u n i t s .  

rn - meter, f t  - f e e t  

ti 
MLD - million liters/day, MGD - million gallons/day 

LPM - liters/minute, G?M - gallons/minute . 
Id 

id4 
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Figure" 25 Average net lake evaporation in New Mexico. 
(Source: Bur. of Rec., 1976) 
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iJ GEOTHERMAL DESALINATION PLANT, WAS 

Introduction b 
by-product of all desalination plants is a usually highly saline 

Disposal of this brine poses serious environmental and economic Ll brine. 

problems. Environmentally, proper disposal of this brine is required 

fresh surface water or groundwater -to prevent contamination of a 
h 

L 
t c  

supplies. Economically, the requirement for proper disposal and the 

corrosive nature of the jrine make disposal usually very 

L costly. u 
11 

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 970; Le Gros, 1970; u Le Gros, 1969). 

popular methods of 

I ,  

u 
disposal processes, and mineral recovery is on1 

ia large capacity 

ave indicated 

areas with over approx 

b 

ii 
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t 
+ t 

t 

I; 
brines is subsurface injection, which has been successfully used for over L 

i 60 years in the oil fields’(Boegly, 1969). This process is most widely 

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

effectively dispose of the brine by evaporation. 

require injection to guard against possible fresh water contamination 

L 

I Also, most states 

I 
(Le Gros, 1969). 

In this study three methods of brine disposal will be considered: 

evaporation, subsurface injection, and combined evaporation and injection. 

t 

b 

The number of evaporation ponds or injection wells needed at each site 

will depend on the quantity and quality of the waste brine. 

as the desalination plant capacity and concentration factor and the saline 

and geothermal process water quantities and qualities will govern the 

amounts and properties of the waste brine. 

t 
t 

Such factors 
I 

The relationship between 

k these factors will be evaluated, such that each brine disposal system 

can be accurately designed. 

Geothermal Desalination Waste Brine Quantitjes 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/CJ? (6 1) 

Cbs = Cs(CF) (6.2) 

where Qbs is the saline water brine flow rate, Qd is the flow rate of the I 
L water to be desalinized, Cbs is the saline brine TDS concentration, 

Cs is the initial TDS concentration of the water to be desalinized, 

I 
L s the concentration factor. If mixing of the high quality 

L: desalinized water with the low quality saline process water is considered, 



L the mixing equation given in Equation 

6.3 :d 
I ii 

Qp Cp = Qd Cd + Qnd Cnd (6  3) 

1J where Qp is the product water flow rate, Qd is the desalinized water 

flow rate, Qnd is the non-desalinized water flow rate, Cp is the product 

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

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

that: 
4d 

Qs = Qd + Qnd 
Qp = QS - Qbs 
Cnd= Cs (6.6) 

(6  4) L 

I (6 5 )  
h 

h i  where Qs is the saline process water f 

tration. Substituting thes ues into Equation 6.3, the following 

equation can be obtai 

ate and Cs the TDS concen- 

ikl 

, 



In a geothermal desalination plant, the waste brine is composed of 

both saline and i geothermal brines. 

and qualities are governed by the mixing equation, such that: 

Therefore, the final brine quantities 

Qbt + Cbt = Qbs Cbs + Qbg Cbg (6.10) 

where Qbt is the total brine flow rate, Qbs is the saline water brine 

flow rate, Qbg is the geothermal brine flow rate, Cbt is the total 

brine TDS concentration, Cbs is the saline brine TDS concentration, 

and Cbg is the geothermal brine TDS concentration. Knowing that Qbt = 

Qbs + Qbg and substituting Equation 6.9 into Equation 6.10, the following 
equation can be obtained for the %tal brine concentration: 

(6.11) (MF)QsCs + Qbg Cbg Cbt = 
(MF)Qs/@ + 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, quantity and quality of saline and geothermal process water, 

quality of desalinized water, and final product water quality. 

gives the quantities and qualities of brine to be disposed at each 

desalination site. 

these values from Equation 6.11. 

geothermal process water quantities were taken from Table 8. 

Table 9 

The following parameters were used in calculating 

The plant sizes and the saline and 

The saline 

and geothermal process water qualities were taken from Table 6. The 
i 

concentration factors for a geothermal desalination plant vary between 

two and three (Bechtel, 1977), so allowing for more efficient processes, 

factors varying from two to four were considered. Theoretically, the 

final water quality for a desalination process should be zero. A recent 

study indicates that the final quality of a desalinized water will be 

approximately 25 mg/l TDS (Lansford, 1976) . This is negligible when 



geothetmal desalination plant. 

Ratio 1:0 Geotkemal 
tc) Saline Hater 

I 



/ 

\ 

4 

compared to the high salt concentration initially found in the saline 

process water, and therefore the concentration will be considered to 

be zero. The final product water quality can be varied depending on 

the expected usage of the water. Considering the water for municipal 

usage at Gallup, Grants, and in the Tularosa Basin, a final quality 

of 500 mg/l was considered. Considering the water for agricultural 

i t  

I 

I, 
L: 

I L 

t 
I 

t 
L 
t 
c 
t 

I t 

hi 

I 

b use at T or C, a final quality between 800 mg/l-1000 mgllwas considered. 

Brine Disposal by Evaporation 

Brine disposal by evaporation has been extensively studied, and 
2 

design parameters for disposal ponds 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 were taken from this manual. 

Pond : 

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

Length to width ratio = 2:l 

Freeboard = 0.6 m (2.0 ft) 

Brine Height = 0.4 m (1.3 ft) 

Salt accumulation 
@30 yrs. = see Appendix, Figure 1 

Berm: 

Top width = 4 m (12 ft) 

Side slopes. = 2:l 

Morrison, 1971 and 1970, suggests that the only ways to prevent evaporation 

pond seepage is to line the pond with either PVC or butyl rubber, since 

oil sealant has been shown to be unreliable. Also, in calculating net.. 

evaporation, a correction factor must be used to compensate for the 

1 
L 

iL 
i 78 
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u 
L decrease in the evaporat 

(De Puy, 1969). Figure 26 gives the 

due to different qualities of saline 

f saline water re to fresh water 

id crease in net evaporation expected 

ter, relative to fresh water 
i '  

& evaporation. From the ste brine data given in Table 9 

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

for each desalination site were calculated. These values are shown in u 

i i  
1 

Brine Disposal by Subsurface Injection kj 

u 
As mentioned earlier, brine injection systems have been success- 

3 
fully used for many years with little fresh water contamination, when 

i 

designed, maintained, and operated (Wo,od, 1974). 

with injection systems are controlling corrosion and finding 

The major 

L 
/ .  a suitable aquifer for the disposal of the usually highly saline waste 

ine. 

ogging or fracturing of the disposal aquifer formation. 

Design problems associated with an injection system include 

The only 

Id 

ti 
- t  

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 

r '  

b 

ntaminate the dis h 

Before design 

at each of the desalination 

L tics of existing ort summary of 

these characterist 

IJ wells are re1 

min) (Boegly , 

most brines are pr 

sedimentation or f 

ki 

\ 

9 
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f 
that pretreatment of desalination plant waste brines is not required i 

i 
L I P -  

(Le Gros, 1969). To prevent fracturing of the disposal formation, I 
2 injection pressures of 0.12 kg/(lm /m (0.5 psi/ft) of depth greater than 

L 

i- 

i the formation pressures are normally used (Boegly, 1969). To prevent 

corrosion of the injection well, 20 mm (7.5") main casing is used with 

the brine injected through coated tubing. Most of the injection wells 

are between 300 m - 1500 m (1000 ft-5000 ft) in depth (Boegly, 1969). 
i 
L 

Brine Disposal Formation Properties. The disposal aquifers at each 

of the desalination sites have hydraulic characteristics similar to 

the saline water production aquifys. The main differences in the two 
1- 

aquifers are the depth and water quality. L 
At Gallup and Grants, the Meseta Blanca and Ab0 sandstones at a r 

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 

L 

of these combined formations is between 100 m - 130 m (330 ft-430 ft), 
with hydraulic characteristics the same as the Dakota sandstone (Le 

Gros, 1970). 

t 
t 2 The formation pressure of this confined aquifer is 200 kg/cm 

(2800 psi) (Le Gros, 1970). The combined aquifer properties are listed 

in Table 11. 
6- 

kt Truth or Consequences and in the Lower Tularosa Basin, the 

t 
I 
f hydraulic characteristics of the disposal aquifers will be considered 
L to be the same as the saline and geothermal water production aquifers 

because of the extensive unconfined aquifers in these areas. t At T or C, 

the disposal aquifer considered is at a depth of 900 m (3000 ft) with a 
I- 

water quality of 3.0 gm/l-10.0 gm/l, an injection capacity of 2000 l/min I. 
L- (500 gal/min), and an effective thickness of 1800 m (4000 ft) (Kelly, 1970). 





I n  the Lower Tularosa Basin the disposal aquifers  considered f o r  

’ both the northern and southern plant sites are a t  a depth of 900 m 

(3000 f t )  with an e f fec t ive  thickness of 300 m (1000 f t ) ,  a w a t e r  

qual i ty  of 20.0 gmllr35.0 g m / l ,  and an in jec t ion  capacity of 2000 

l/min (500 gal/min) (McLean, 1970). Since the aquifers  i n  the  T or  C 

and Lower Tularosa Basin areas are essent ia l ly  unconfined, no formation 

pressures were considered. 

i n  Table 11. 

The properties of these aquifers are l i s t e d  

Brine Inject ion System Design. From the information available on 

exis t ing br ine inject ion systems y d  the disposal aquifer properties 

l i s t e d  i n  Table 11, a br ine in jec t ion  rate of 1600 l/min (400 gal/min) 

w a s  chosen f o r  each desalination site. To reduce the maintenance 

problems of three separate w e l l  f i e ld s ,  s a l ine  water recovery, geothermal 

w a t e r  recovery, and br ine disposal, the  br ine disposal w e l l  f i e l d s  were 

considered t o  be superimposed over the sa l ine  w a t e r  recovery w e l l  f i e lds .  

The disposal w e l l s  were considered spaced between the sa l ine  w a t e r  w e l l s  

and therefore have the same w e l l  spacing as the sa l ine  water recovery 

f ie ld .  Using the indicated in jec t ion  rate and the br ine quant i t ies  from 

Table 9, the number of disposal w e l l s  required a t  each desalination site 

was  calculated, and is l i s t e d  i n  Table 12. 

w e l l  t o  maintain the disposal capacity during w e l l  maintenance. 

This number includes one extra 

Using Equation 5.1,themaximum increase i n  the formation pressure 

i n  uni t s  of length can be obtained fo r  an inject ion w e l l ,  

5.3, the pressure increase a t  any w e l l  i n  a w e l l  f i e l d  can be obtained. 

Using Equation 5.3, the maximum increase i n  the formation pressure a t  

each desalination s i te  w a s  calculated and is  l i s t e d  i n  Table 13. 

Using Equation 

84 





TABLE 13. Maximum pressure increases f o r  brine disposal 
aquifers a t  each potential geothermal desal ina t ion  
si te i n  New Mexico. 

Maximum 

. P l a n t  Location Capaci ty ’ Rate Spacing i n  Head 
MLD (MGD)* LPM (GPM) m (ft) m (ft) 

GALLUP - GRANTS 4 1600 2000 200 
(1.0) (400) (6600) (660) 
20 1600 2000 200 
( 5 )  (400) . (6600) (660) 

P1 ant  I n j ecti on We1 1 Increase 

T OR C 80 1600 400 55 
(20) (400) (1320) (165 1 

TULAROSA BASIN 20 1600 400 32 
(400) (1320) ( 100 1 
1600 400 48 

(5 )  
40 
(10) (400 1 (1320) (100) 
80 1600 400 123 
(20) (400) (1320) (400 

* - Numbers i n  parentheses are i n  the given English System &nits. 

m - metersI f t  - feet 
MLP - million liters/day, MGD - million gallons/day 

LPM - liters/ninute, GPM - gallons/minute 

i 

I 

t 

1, 
E 

i 

t 

t L 

t 

L i 



, , 
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e 
LaI 

I 

red previously, 'CJ 

y subsurface injection. 

u The possible advantage of this type of disposal system is dependent on 

the concentration factor of the desalination plant. 

concentration factors, less than 4, large quantities of slightly saline 

For plants with small 

G 
I brine are produced. Complete disposal by injection would require a 

large number of wells, while complete disposal by evaporation would 

require a significant area for evaporation ponds. 

of slightly saline brine could be feduced and concentrated by evaporation 

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

ki 

Li 
! 

If the large quantities 

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

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

disposal by either of the commonly used systems. Since the probable 

concentration factors of ge hermal distillation are less than five, 

this combined system of brine disposal will be evaluated. 

bi 
L '  

G 
To prevent clogging of the injection formation, the brine was 

considered evaporated to a concentration of 50 gm/l TDS and 100 gm/l 

TDS. A concentration of 100 gm/l TDS is approximately half the con- 

centration of saturation (Boegly, 1969). From Figure 26, this gives 

an average evaporation factor of 0.925, or an increase of approximately L 
rcent over the evaporation factor for total disposal by evaporation. 

The ratio of initial waste brine concentration to the final l k l -  

LJ 

b 

id 

injection concentr gives the percentag of the brine 

injection in this combined disposal system. 

the waste brine must be placed in evaporation ponds. 

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

The remaining portion of 

U s i n g  the quantities 

87 



i 
f 
b 

t 
i 
t i n  Table 9, the  amounts of br ine t o  be injected and evaporated fo r  combined 

disposal were calculated, and are given i n  Table 14. From these values L', 
i 

the s i ze  and number of evaporation ponds and the number of in jec t ion  w e l l s  

~ _ombined disposal w e r e  calculated, and are given i n  Table 15. 
I 

i f o r  combined disposal w e r e  calculated, and are given i n  Table 15. 

t 
i 

t 
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rD 
0 

TABLE 15 titiniter o f  20 hectare (50 acre) evaporation ponds and 1600 l/ntin. (400 gal/sIin.) I n j e c t i o n  we l ls  
required f o r  coiiddned br l r ie  disposal a t  each po ten t ia l  geotherinal desa l ina t ion  s i t e  i n  New Mexico. 

- 
Nutnbcr o f  Evaporatlon Ponds and I n j e c t i o n  Wells 

f l r iae  Concentration a t  I n j e c t i o n  
-- 

100 gm/l 
Concentration Factors 

Sa l ine  

4 2 3 4 
Plan t  Water P lan t  d ! l F a c  to rs  

Locat i on  Qual i t y  Capaci t 2 ,  3 
QIII/ 1 MLD (1% * Fonds Wells Ponds Wells P o n d s A l l s  Ponds Wells Ponds Wells Ponds Wells 

- GALLUP - GRALTZ 
Rat io  1:5 Gcothennal 2.0  4 . 0  (1 .0)  4 2 

18 2 
2 
2 

3 2 

t o  Sal ine Water 

4*0 20 1'"l 5.0 14 2 
Geothermal Water 
on l Y  

T OR C 
7- 

Ratio 1:5 Geothermal 1.0 80 (20) 58 2 
t o  Sal ine Water 

.TUlAROSA am 
XtFr:3 Geothermal 4.0 20 5.d) 13 2 

t o  Sal ine Water 40 I 101 25 3 
80 /20j 50 5 

greater  20 5.0) 12 3 
6.0 and 

40 1101 24 4 
60 20 47  6 

3 2 2 2 4 2 3 2 3 2 
13 2 11 2 19 2 14 2 12 2 
3 2 2 2 4 2 3 2 3 2 

13 2 10 2 19 2 14 2 12 2 

9 2 7 2 14 2 10 2 9 2 
2 19 3 17 3 27 2 20 

37 5 28 5 54 3 40 3 33 3 

8 3 7 3 13 2 10 2 8 2 
16 4 17 4 27 3 20 3 16 3 
32 6 27 6 53 4 39 4 32 4 

2 14 

10 2 6 2 4 2 10 2 7 2 5 2 
19 2 12 2 9 2 20 2 13 2 10 2 

no 38 2 24 3 17 3 41 2 26 2-19 2 

Geot Iicri1,al Water 
Only -- 
* - Hunihers In parentheses are i n  the given Engl ish SystLm imi ts .  

M1.U - m i l l i o n  l i te rs /day ,  MGD - m i l l l o t i  galloes/day. cJeI/l - grai l is / l i ter  

6- 
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CHhPTER 7 i 
PROCESS WATER PUMPING AND 
BRINE DISPOSAL UNIT COSTS 

iJ 
ii 

For each of t tial desdlina ites selected in New Mexico, 

ine disposal systems were 

signs, the unit costs of 

b 
various process water recove 

i d  ed in Chapters 5 and 6. 

each process water and ystem can be estimated. In the 

design of these variou 

parameters were considered, and therefo 

tion in design 

costs of any system 

L 
I I  f~ 

lid 
n site can be en in ranges. With these 

ibility of geothermal desalination in 

ely determined. 

for process water recovery and brine 

i ’  
lu 

In this chapter the various 
L 

t life of 30 years with an 

will include the capital, 

operating, and maintenance costs for each system and will be given as a 

function of the product water quantity. 

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

and destination of the product water .is variable. 

not include the costs of the geothermal desalination plant. 

L 
L 
i These costs are at the plant 

LiIl 
These costs also do . 

h 

i d  

and saline process water wells in 

91 



t 

i 
& 

b 

i system consisted only of geothrmal process water wells. 

were considered to estimate the unit costs of highly efficient and 

relatively inefficient geothermal desalination processes. 

The two systems 

LL 
The unit costs 

of these two systems then give an estimate of the maximum and minimum i 
I 

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. 

and the information listed in Chapters 5 and 6, the process water unit 

Using these costs 

costs were calculated for each desalination site. These unit costs are L 
shown in Figures 27 thru 30. 3 

The T or C site was considered differently from the other sites 

because of the use of the product water. 

to saline water ratios of 1 to 5 and 1 to 1 were considered. 

At this site geothermal water 

Geothermal 

I 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. 
I 

Also, the process water unit costs for this plant site do L 
not take into consideration pretreatment of the process water from the 

Rio Grande. 

I '  
Brine Disposal Unit Costs 

t 

i 

In the design of the brine disposal systems, three processes were 

evaluated: 

These three processes were considered since the concentration factor of 

a geothermal desalination plant can alter the feasibility of a disposal 

process. With the unit costs of these three processes calcul over 

a range of concentration factors, the most feasible disposal method at 

a given concentration factor can be obtained. 

evaporation, injection, and combined evaporation and injection. 

F L 

L L 
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at Truth o r  Consequences, New Mexico. 
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t CHAPTER 8 

Introduction 

u I when environmental concern and regulatory laws were at lower levels, 

Li 

t CHAPTER 8 

I 

bi 

u Introduction 

u I when environmental concern and regulatory laws were at lower levels, 

ost geothermal fields in production today wer for use 

The environmental effects of developing this 

unique to each site. 

what problems one might expect at 

begins. In knowing this, the engineer can optimally design his alternatives 

into the plant at a lower cost. 

account would be: 

areas, geologic history of area with detailed geophysical and survey 

i monitoring, type of reservoir, and possible conomfc markets for the 

byproducts resulting from the cleansing of the effluent. 

esource are varied and 

There is a need for general information concerning b 

1 particular site before production 
& 

I 

Li Factors that should be taken into 

state and federal regulations, land use in surrounding 

iu 

& 

: Although each site i s  different, general difficulties will be expected 

in varying degrees regarding the chemical and physical aspects of pollution. 

Some of the chemical effluents to bexdealt with would include: Carbon 

dioxide, hydrogen sulfide, ammonia, arsenic,.boro 

ements of mercury, thor , radon, and ur 

iJ 
1 
r ,  

cj 
I '  

dependent upon the geoc try and previous utili 

include: thermal cwt 

activity, noise, 

geothermal exploitat 

and research is need 
L i  

b 

h 

armful results. The following is a review of what is being 

done with present technology to minimize the above problems. 
.*rd 

103 



Chemical Effluents 

The geochemistry of hydrothermal reservoirs is a function of the L 
L, 

exploitation of the site. 

with continuing use of a reservoir (Axtmann, 1975). 

to gather data on the instantaneous emission rates of a plant in operation, 

Reports.indicate that total gas declines 

L 
i 
1, 
L 
L 
t 

Although it is easy 

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

impact. 

of new wells where bleed lines are needed, possible discharging from 

blow wells in the borefield, and the time during routine maintenance on 

turbines. 

What must be taken into account is the lengthy drilling time 

At each of these times, the gas effluents normally treated 

at the power plant are discharged directly into the atmosphere. A more 

detailed analysis is needed t o  know what effect the geothermal site is 

producing in the local environment. 

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

component (78-95%). 

considered natural components of the atmosphere. 

are found to be small enough in the ambient air, and they usually are, 

they are not considered to be harmful. The gas of primary concern and 

This along with methane, nitrogen, and hydrogen are 

If these concentrations 

t 
the one most environmentally regulated is hydrogen sulfide. 

sulfide has an objectionable odor and is highly corrosive to plant 

equipment. 

Hydrogen 

The effect of extreme dosages on humans is known, but long t 
i 
L 

term exposure to small amounts is not. 

into the atmosphere through the gas ejector system in turbine use and by 

air-stripping of the waters in the cooling towers. 

generally consist of trying to reduce hydrogen sulfide to sulfur. 

the Cerro Prieto plant in Mexico, because of its location, cooling towers 

are built downwind from the plant. 

Hydrogen sulfide will escape 

Abatement programs 

At 
! 
i 

~ 

L Besides plating and insulation 
L 
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t 
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Silicadon is of the most difficult engineering problems fa 

thermal development. Silication is the scaling and depositi 

pipes or trenches of silica. Sili centration of hydrothermal waters 

is a function of the solubility of silica at certain temperatures. 

used as a tool in determining the underground temperatures 

of deep reservoirs. 

processed, its temperature drops considerably 

is supersaturated in Silica and rapid deposition occurs. 

been a major impediment of economic reinjection. 

When the fluid is pumped ou 

This has 

With improved alloys and research into silica polymerization, this 

problem should be alleviated. 

adhere to surfaces until it begins polymerization. 

means to avoid deposition. 

encourage it at a point where cleaning can easily be done. 

can take place by keeping the temperature of the effluent waters above 

the saturation point or lowering the water to a 6.5 ph or below 

Cuellar, -1975). 

storme tanks for a sufficient length of time. 

in El Salvador waters have been economically kept at 15OoC and reinjected 

without scaling (Einarsson, et. al., 1975). Each reservoir will have its 

own point of saturation. 

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

merization and the slaked lime (CaO) is added (Rothboum and Anderson 

What follows is the precipitation of a calcium silicate gel. 

arsenic is precipitated if it is first preoxidized. 

Monomer silica will not precipitate or 

This implies tw 

One can either reduce polymerization or 

Reduction 

To increase polymerization the water should be held in 

At the Ahuachapan plant 

At the Wairakei and Broadlands fields of 

The gel is then 

dried and sold. 

canals with little dange f deposition. nding upon th 

The remaining water can now be flushed through drainage 
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reservoir and its chemi 

le t o  be wor 

ineffective in control 



t 
- .  

Although corrosion on turbine blades (12% Cr, low-carbon steel) 

is not excessive. It contributes greatly to fatigue failure (Tolivia, 

et. al., 1975; Dodd, et. al., 1975). Research and testing are going 

on at the Geysers 

blades to increase fatigue failur odd, et. al., 1975). 

o investigate heat treatment or coating of tu 

Carbon steel is an effective material (corrosion rate 0.040 mm 

for shell and piping separated team. The corrosion rate increases 

greatly (0.11 mm/yr) 

In these conditions the use o 

would be required (Tolivia, et. al., 1975). Initial tests (at Geysers) 

lead to the selection of conventional turbine, stator, ro 

blading materials, aluminum and austenitic stainless steels for the 

condensate system; and aluminum for line hardware (Dodd, et. al., 1975). 

n aerated steam and 0.66 mm/yr in conde 

oxy resin coat 

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 
0 

t 
t 
I 
L 

The main effect of drilling is noise 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 drilled, 
a 

. many shallow exploratory wells (150-3OOm) are drilled. Exploratory 

holes cause minimum landscape damage, only sometimes needing temporary 

narrow access roads. 

roads are needed along with sump ponds and temporary holding tanks. 

To drill test and producing wells, wid 
_I- 

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

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). 

- 

L 
I 

i 
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hl 

bl This r e s u l t s  ssion of hydro fide.  . Recontouring and 

the planting of new ove t h  helps i n  the  1 of erosion resul t ing 

the  landscape. 

hes t  during d r i l l i n g  and tes t ing  of a w e l l .  It ranges 

With the use 

The-effects 

b 
from 90-130 decibels,  which i s  past  the threshold of pain. 

of,mufflers,  noise can be held t o  an acceptable 60-90 dB. 

on humans can be l o s s  of hearing, troubled sleep, reduced job pe 

and psychological sor ientat ion ( 75). Zoning restri 

and new designs i n  mufflers should 

Id 

h e t h i s  problem i n  the future.  

b 
of heat i n t o  the  atmosphere 

b 
ce weather modi 

id  nuclear type plant.  

s can be e f fec t ive ly  removed. 

a t ion  of surface waters is t o  
L 
" .  

hold the e f f luent  i n  tanks and then rec i rcu la te  the w a t  L - 
other p o s s i b i l i t  

ac t iv i ty ,  which is as t h  geothermal sites, w i l l  produce land 



deformation. In dry steam reservoirs, such as the Geysers, t 

no problem concerning subsidence because the vapor is not part of the 

structural stability of the formation. Problems occur when large 

volumes of water are withdrawn from wet steam reservofrs. There has 

I 

i 
I 

i 
Ir 
t 

i 
L 

t 
t been a maximum vertical subsidence of 4 meters at the Wairakei plant 

since production started over 20 years ago (Stilwell, et. al; L 

i Luckily, in this instance, the subsided area has lain outside the plant 

Special designs to allow for lateral movements of pipes and culverts 

has reduced the impact of this problem. 

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. 

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

geothermal exploitation. 

Future plants in similar 

t 
b 
e 

ere is 

Knowing the natural causes will help in location 

and design of the plant. 

reservoirs is to reinject the effluent. 

The only way to stop land subsidence in 

This brings us to another 

c potentially major problem. - 
Seismicity 

Geothermal reservoirs are generally found around tectonically 

active areas. Not only is natural seismic activity a danger, but the4 

fact that geothermal development entails decreasing (or, with reinjection, 
t 

increasing) bore pressure, is an added complication. L 
The withdrawal of fluids from a reservoir causes stress to build 

This might contribute to a large earthquake in the future. up. 

other hand, reinjection reduces friction which might trigger i 
re. This is a major uncertainty i 

L 
i 
! 
i 110 L 
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iili 
I 
I 

IJ been in progress at Ahuachapan (E 

Region (CameH and Carab 

parts of the Geyser fi 

in seismic activity. 

method should proceed with utmost caution and planning. 

rsson, et. al., 1975), Viterbo 

9 7 5 ) ,  Otake ( and Aosaki, 1975), and 

5) with no increase 

All this is very promising, but any use of this 

r.c) 

L 

4 

kr 
Summary 

t 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 to leave it in a natural state, 

will be decided by what people think they value more, energy and comfort 

or beauty. 

b 

h i  

G One advantage ih trying to deal with the environmental effects of 

geothermal exploitation is that all activities are in the immediate 

vicinity of borefields and the plant. 

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 

L Reinjection is a superior method 

iL; 
L 

W 

prevention of ilica deposition. On the future h / a  

id le use of downhole heat exchangers. This will almost 

totally elimin 

There is still an unquestionable 

to further advance technology and awareness of the influencing effect 

of this energy sour 

the detrimental effects of geothermal development. 
4 

ed for more research and yerimentation 
L 

the environment. 
ilJ 

8 :  
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Resource Access 

saline waters and to develop geothermal energy resources. 

Saline Waters 



L 
1 )  groundwaters are s t a t u t o r i l y  declared t o  be public and subject t o  

appropriation, 2) a f t e r  the S ta t e  Engineer i d e n t i f i e s  and declares 

basins t o  have reasonably ascertainable boundaries, h i s  o f f i ce  must 

k, 
b 

review and approve applications f o r  new appropriations, 3) management 

plans fo r  timed exploi ta t ion ofnon-rechargable basins have been court- 

approved as i n  the publ ic 's  best  i n t e re s t ,  4) the judiciary has approved 

i 
i 
L 

requiring retirement 'of surface r i g h t s  by new appropriators whose . 

act ions would eventually impai r  surface r igh t s  i n t b a t e l y  related t o  

the groundwater sources. It t 
I 
I 
t 

According t o  sect ion 75-11-3, applicants f o r  permits t o  use ground- 

water must supply the S ta t e  Engineer with information on the source 

from which it w i l l  be taken, the use t o  which it w i l l  be put, the 

locat ion of the  w e l l ,  the amount of water applied for ,  and other data. 

Notice by publication i n  a newspaper i n  the county i n  which the w e l l  is 

t 
t o  be located is provided for.  

waters are avai lable  or  the  proposed pumping would not impa i r  exis t ing 

I f  there  are no objections and unappropriated 

water r igh ts ,  the application w i l l  be granted, subject t o  the r i g h t s  of 

pr iopappropriators .  

with o r  without a hearing. 

If there  are protests ,  i t  may be denied o r  granted 

By s t a tu t e ,  section 75-11-37, underground w a t e r  basins do not 
c 

include "water i n  an aquifer,  the  top of which aquifer  is a t  a depth 

of twenty-five hundred f e e t  o r  more below the ground surface at any 

a L 

L 
i 

location a t  which a w e l l  is d r i l l e d  and which contains nonpotable water . "  

Waters with a thousand pa r t s  per mill ion of dissolved so l id s  are considered 

"nonpotable." Waters which w i l l  be pump f o r  geothermal 
L 
t probably not be excluded from regulation under t h i s  except 

c 

L L 

i 
114 t 

the  l a w  because they w i l l  come from re l a t ive ly  shallow depths. 

te Engineer w i l l  determine access t o  the sa l ine  waters. 

The 



Geothermal Energy 

1. . Prior to passa the Geothermal Steam 

Act of 1970, P ic Law 91-581, Tit1 

was no 'specifically established syst 

geothermal resources on federal land 

scene during the late 1960's (Brooks, 1966; Olpin, 1968) looked to 

various federal and state mining and water laws, regulations, and 

U * s . C .  sets. 1001-25, there 

IJ 

hey were dismayed by the uncertainties. Potential, d 

expressed their unhappiness about the legal situation by staying away 

from federal lands and by pushing for a federal geothermal steam law. 

Public Law 91-581 to a large extent both clarified the law and opened 

federal lands to geothermal exploitation (Futures Group, 1975). 

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

1972; Fjorge, 1974; Schlauch, 1 

The Geothermal Steam Act i 

Areas 

istered by the Secretary of the 

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

to carry out the act. Several of the key provisions of the law are: 

efinition of geothermal resources. Section 2 broadly defines 

products of "geothe activity, including steam, 

ciated energy in g 

ly injected fluids and d 

e law, however, did not 

by the United States 

s in the past. I 

clusion within s 



3) 

4) 

5) 

7) 

L 

f 
recreation areas, and fish and wildlife refuges, management L “s areas, and ranges. Indian lands ar not included. Consent 

is needed from the Department of Agriculture to lease forest 

service-administered lands. 

withdraw other lands. See section 15. 

And the Secretary of Interior can 

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 

h qualified person applying is entitled to the lease without 

1 
t 

c 

competitive bidding. See section 4. 

Royalty. 

between 10 and 14percent of the value of the steam or 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. 

compact area not to exceed 2560 acres. 

Section 5 provides that royalties shall range 

According to section 7 a lease embraces a reasonably 

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. 

coexist on the land according to section 17, 

Unitization. 

cooperative drilling and operation agreements, and the Secretary 

m y  make such unitization compulsory. 

d 

1 
t 

Other types of federal leases can 

f 

Leaseholders in the same area may enter into 

See section 18. 

116 
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J101 et. seq., is intended to further 

the conduct of research, development, and demonstrations in geothermal 

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

i 

u 
u 
li 

L 
L 

Li percent depletion 

ch it was necessary to obtain 

complicated, but operation of a geothe 

regulation by th 

crisnal sanctions, or suing for civil damages. 

first two states 

-owned lands for 

g under a roylaty 

Annual rental is 

emicals recovered 



t 
i 
i 

L om geothermal fluids. In addition here is an 8 percent royalty for - 
L 

revenue received from the operation of an energy 

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

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

(Sec. 11) I 

resource withdrawal, and waste disposal. 

L 
h. 

Resource Withdrawal 

Withdrawal of gases on fluids from undergound may be a factor in 

land subsidence, 

principles, The Restatement of Torts, in section 818 states: 

is privileged to withdraw subterranean water, oil, minerals or other 

An authoritative compilation of lega1,liability 

"One who 
6 

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." 

owner suffering from subsidence can recover damages from someone who has 

withdrawn saline tjater or geotherinfil' steam or water if a causal 

A property 

L 
I p can be established between the withdrawal and the subsidence. Also 

,- 

i in appropriate cases such a plaintiff might obtain a court order enjoining 
L 

i L 118 
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L further withdrawals which would bring ab more subsidence (Davis, 
W 
i 

Disposal may be accomplished by inje rground of the brines 

r. Lined ponds or 
iJ 

u 
il 

Ir’ 
u 
u 
1l 

1 

d 

d surface w tion of wastes 

L , 525 P.2d 891, 

hd 

L 



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- 

the value of the activity to the defendant. Ba the interests 

is the key to decision in nuisance cases. 

These private remedies may well fit the fact in groundwater pollution, 

salt intrusion into adjoining land or water (Darling, 1975), or earth 

movements. The liability theories may apply. But an injured plaintiff 

s the formidable burden of establishing the causal relationship 
\ betweeen the harm and the conduct of the defendent, The New Mexico 

t 

_ L  
h! 

L 

i 
I 
i 

I 
I, 

Ll 
k 

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. 

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 contributive element proximate to the 

injury. In that case heavy rains, an act of God, coupled with an 

inadequate city storm drainage system brought about heavy flooding. 

However, 

The 

city was liable. Heavy rains were not so unusual as t o  "break the causal ' f 
chaiif" and insulate the defendant from liability. Thus geothermal 

L 

desalinization operations which can be related to pollution losses will 

not escape responsibility when some foreseeable event intervenes between 

them and the loss complained of. 4 L 
- I 2. Federal Legislation. The Safe Drinking Water Act, Public 

93-523, Title 42 U.S.C. secs. 300f et. seq., sets up 
f 
L state system for regulation of underground injection of 

Administrator of the Environmental Protection Agency det 
f 
L 

L 

a state must develop a control program. The Administrator either approves 
I - 

h 
the state's progr or develops one of his own. Any such pro 



by the end of 1977 underground injection 

injection of wastes from geothermal 

within the scope of such a system. 

would doubtless come 

The Federal Water Pollution Control Act Amendments of 1972, Public 

500, Title 33 U.S.C. secs. 1251 et. seq., provides for a system 

of permits for discharges of pollutants into waters. The Administrator 

ironmental 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." 

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

State's, authority (Eckert, 1976). . 

The law is ambiguous as to whether such 

I 

3. New Mexico Legislation. Pollution associated with geothermal b 
desalinization might be regulated by the State Engineer in decisions 

about issuance of permits to appropriate saline waters and by the New 

n. As has been noted, impairment 

sal of an appropriation permit. 

.M. 249 (1974); 

about abatement of surface and 
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I 

t CHAPTER 10 
u 

From Figures 27 to the unit costs of various process water 

kJ sposal systems for potential g 

can be obtained. The combin 

range from $L00/4000 liters ($l.OO/lOOO gal.) to $5.00/4000 liters 

($5.00/1000 gal), neglect 

These costs are consider 

costs of communities in New Mexico, and therefore this type of desalination 

is presently uneconomical. 

are rapidly depleting their 

may perhaps be more econod 

from great distances. 

id 

h the cost of the geothermal desalination plant. 

the present fresh water production 

tu 

For cities such as Gallup and Alamorgordo that 

resh water resources, this type of desali.nation 

1 in the future than bringing in fresh water 

d 

ki 

Recommendations 
Ii 

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

te, shortages of fresh wat uld be expected. Changes in water 

t be able to elim some areas of the State, but 

. Since desalination is 
x 

continually conside 

water, more accurat ce must be obtained. At 

present, only ,done on saline water in 

lu New Mexico, an he saline aqu 

characteristics. A more rehensive 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. 

L1 
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This study showed that geothermal desalination is a feasible ti 
LL concept, but for the specific conditions 

uneconomical. This does not indicate t other geothermal applications 

are necessarily also uneconomical. For this study, the information on 

New Mexico, it is presently 

geothermal temperatures and aquifer characteristics was extremely limited. 

Therefore, a more comprehensive study of the geothermal resources in 

the State, including the hydraulic characteristics and aquifer extent, 

should be conducted. 
b 
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TABG.1. Capital, operating, and maintenance costs for geother I*, 
.,  i 

=WELS L 

saline process water wells. 

CAPITAL COSTS UNIT COST I 
I 

Saline Water Wells 
t Cemented, w/gravel packing, including drilling i 

rig and crew, mud, cement, gravel i 
Gallup - Grants $70/m 

($21/ft) ' 

T o r  C - Tularosa $8 6 /m 
($Z_s/ftt) . . 

i 40 cm (16 in) well w/18 cm (7 in) production 
casing and 25 cm (10 in) surface casing 

50 crn (20 in) well w/25 cm (10 in) produc- 

L 

I 
t 
t 
t 
t 
L 
I 

bOPEfWTING AND MAINTENANCE COSTS d- t 
i 

tion casing and 40 cm (16 in) surface casing 
Geotherml Water Wells 

1000 m (3300 f2) , 40 cm (16 in) well, cemented, 
w/gravel packing, including drilling rig and 
crew, corrosion control, cement, gravel, w/18 
cm (7 in) production casing and 25 cm (10 in) 
surface casing 

$130,00O/weII 

bPUhlPS AND MOTORS 
Pump cost in 1966 dollars = 7. 3Q*453H 642 
Pump cost in 1977 dollars = 1 9 ~ .  453H. 642 
(Q is in CPM, H is in feet) 

~M~SCEUANEOUS 
Pipeline construction $80,00O/km 

El: ectri ca I distribution system 

Pump and motor replacement @ 15 ears 

f$130,000/rnile) 
$1800/km 

($3000/mile) a 

w/6% inflation/year = 4SQ*453H- &2 
(Q is in CPM, H is in feet) 

Electrical costs w/pump efficiency = 60% and kw hr/yr/well=3QH 
motor efficiency = 90% @ $.03/kw,hr 

Maintenance = 4% Capital costs 
(Q is in GPM, H is in feet) 

t 



a 
b 
kd TABLE 2. Capital, operating, and maintenance cos for brine disposal 

s and injection 

CAPITAL COSTS U N I T  COST 
EVAPORATION PONOS - 20 hectare (SO acre) ponds 

atand - $12f/hectare ($SO/acre) $2500/pond 
aDike - Earth work, moving and compaction 

bLining - 30 mil thick 

L 

$360/m3 

$3. 25/m2 
($.30/ftz) 

$103/rn 
($3 0 / ft 1 

( $1 o u 
%' 'DISPOSAL WELS 

40 cm (16 in) wells, cemented, w/gravel packing, 
including drilling rig and crew, mud, cement, 
gravel, w/18 cm (7 in) PVC coated production tubing 
and 25 cm (10 in) surface casing 

Same as saline process water wells 

lu 

aPUhrlPS AND MOTORS 
hJ 144 453H 642/wel I 

(Q i s  in CPhZ, H is in feet) 
 MISCELLANEOUS 

lrrl Pipeline construction (same as saline process water 
wells) $80,00O/km 

Electrical distribution system (same BS saline 
p ro ces s water we I Is ) 

Pump and motor replacement @ I S  years 
w/6% inflatiodyr (same as saline process water 
we1 Is) 4SQ .453H*642/we11 

($130,00O/mi le) 
b 

b .  ($3000/mi le) 
* $lSOO/km 

-(Q is in GPM, H fs in feet) 

aOPERAfINC AND MAINTENANCE COSTS 
Electrical costs (same as saline process water wells) kw hr/yr/well=3Ql-! 

' 1  @ $.03/kw h r  

id 

Maintenance = 10% of Capital a 

> 

. .  
rri 

3 : 3 
i- ii 

aReference: Lansford, 1976 
& bReference: Le Gros, 1969. 

'eased on personal communications with Clyde Wilson, USGS, New Mexico 
Water Resources Research Institute, Las Cruces, New Mexico, July i977. 

129 
1 



t 

i 
i 
i 
& 

f L 
i 

i 
t 

f 
L 

i 

i 
c 

t 



u 
c 

iL 
ai 

L 

ii 
Id 

IJ 
L 

REFERENCES CITED 

din, J,, 1974, eothermal Resources Client, Rocky 
Mountain Mineral Law Institute, Vol. 19, p. 27. 

Alexander, M., 1976, Tax Incentives 
Energy. Dissertation on file a 
Arizona, Tucson. 

Allen, D., 1972, Legal and 
ment. Water Resources Bulletin, Vol. 8, No. 2, p. 250. 

Allen, G. W., and H. K. McC atement of Hydrogen Sulfide 
Emissions from the Geysers Geothermal Power Plant, in Proc. 2nd 
U.N. Symp. on the Dev. and Use of Geoth. Res,, Vol. 2, pp. 1313-1315. 

- 

L 

Axtmann, R. C., 1975, Chemical Aspects of the Environmental Impact of 
Proc. 2nd U.N. Symp. on the Dev. and Use of Geothermal Power, 

Geoth. Res., Vol. 2, pp. 1323-1327. 

Bechtel Corp, 1977, Operation and Maintenance of East Mesa Test Site, 
U.S. Department of the Interior, Bureau of Reclamation, Boulder 

1977, 2 Vols. 
L 

Development of Geothermal Resources and the 1970 
Geothermal Steam Act-Law in Search of Definition. 
Colorado Law Review, 

University of .- 
P- 

Boegly, W. J., et. al., 1969, Feasibility of Deep-well injection of Waste 
Brine from Inlan epartment of the Interior, 

mal Industry. NaturalA 
Resources Journal, Vol, 6, p. 511. 

Bureau of Reclamation, 1976, New Mexico Water'Resources 

. M, and Carabelli, E., 
iment i n  the Viterbo Region (Central Ita1 

U.N. Symp. on the Dev. and Use of Geoth. Tes., Vol. 2, pp. 1329-1334. 
,, 

Chalmers, J., 1974, Southwestern Groundwater Law. Office of Arid Land 
Studies, Univ. of Arizona, Tucson. 



J 

REFERENCES CITED (Continued) i 
i 
La 

Clark, C. F., et. al., 1969, Cost Analysis of Six Water Desalting Processes, 
Office of Saline Water, Research and Development Progress Report 
No, 495, p. 100. 

Clark, R., 1977, Ground Water Law: Problem Areas. Natural Resources 

Cox, S., 1976, Geothermal Energy Development and the Federal Tort 

I 
1 
L 

Lawyer, Vol. 8, No. 2, p. 377. 

Claims Act. 
of Arizona, Tucson. 

Dissertation of file at College of Law, University 

Cuellar, G., 1975, Behavior of Silica in Geothermal Waste Waters, 
Proc. 2nd U.N. Symp. on the Dev. and Use of Geoth. Res., Vol. 2, 
pp. 1343-1347. 

I! 

Darling, W., 1976, Subsidence: Settling Down Within the Laws of Accretion, 1 
Reliction, Erosion, and Submergence. Baylor Law Review, Vol. 28, 
p. 532. 

Davis, L., 1975, Common Law Remedies for Salt Pollution. Natural 

f 
t 

Resources Journal, Vol. 15, p. 353. 

Day, M. E., 1970, Brine Disposal Pond knual, U.S. Department of the 
Interior, Office of Saline Water R & D Report No. 588, August 1970. 

DePuy, G. W., 1969, Disposal of Brine Effluents from Inland Desal 
Review and Bibliography, U.S. Department of the Interior, Plants: 

Office of Saline Water R & D Report No. 454, July 1969. 
Qr 

Dodd, F. J., Johson, A. E., Ham, W. C., 1975, Material and Corrosion 
Testing at the Geysers Geothermal Power Plant: Second U.N. Symp. 
on the Development and Use of Geothermal Resources, San Francisca, 
Proceedings, Vol. 111, Sec. VIII, pp. 1959-1963. 

Dow Chemical, 1970, Feasibility of Obtaining a Solid Dry Brine Effluent I 
from Inland Desalination Plants, U.S, Department of the Interior, 
Office of Saline Water R & D Report No. 603, September 1970. 

z 

I ’  
Eckert, A., 1976, EPA Jurisdiction Over Well Injection Under the Federal 

i Water Pollution Control Act. Natural Resources Lawyer, VOl. 9 ,  p. 455. 

L 
L Einarsson, S, S., et. al., 1975, Disposal of Geothermal Wastewater 

by reinjection, 2 Proc. 2nd U,N. Spp. on the Dev. and Use of 
Geoth. Res., Vol, 2, pp. 1349-1363. 

1 1  

132 L 
1 



y Desalting Geothermal 

ent and U s e  pp* 2201-2208. 

lting Plants at Inland Locations, U.S. 

ice of Saline Water R & D Report 
No. 639, Decemb 



I ’  

L 

t 

L S CITED (Continued) 

b, 
* I  

Laird, Alan, 1971, Ranking Rese ch Problems in Geothermal Development, 
1 

U.S. Department of th Interior, Office of Saline Water R & D 
Report No. 711, August 1971. 

i 

1 
L 
t 
1 
I 

i 

Lansford, R. R., et. al., 1976, A Pre ary Economic Feasibility 
Study for the Establishment of an Energy & Water Complex in the 
Tularosa Basin, New Mexico Water Resources Research Institute 
Report No. 68, February 1976. 

Le Gros, P. G., et. al., 1969, Study of Deep-Well Dis a1 of Desalination 
Brine Waste, U.S. Department of the Interior, Office of Saline 
Water Report No. 456, June 1969. 

Le Gros, P. G. et. al., 1970, Systems Analysis of Brine 
Reverse Osmosis Plants, U.S. Department of the Interior, Office 
of Saline Water R & D Report No. 587, August 1970. 

- 

McLean, J. S., 1970, Saline Ground-Water Resources of th 
New Mexico, U.S. Department of the Interior, Office of Saline 
Water Report No. 561, July 1970. 

Mercado, S. G., 1975, Cerro Prieto Geothermoelectric Project: Pollution 
and Basic Protection, Proc. 2nd U.N. Symp. on the Dev. and 

f ‘  

Use of Geoth. Res., Vol. 2, pp. 1394-1398. - 
t 
t 

Morris, D. E., Prehn, W. G., 1971, The Potential Contribution of Desalting 
to Future Water Supply in New Mexico, U.S.  Department of the Interior, 
Office of Saline Water R & D Report No. 767, September 1971. 

Morrison, W. R., et. al., 1970, Pond Linings for Desalting Plant Efflwents, 
U.S. Department of the Interior, Office of Saline Water R & D 
Report No. 602, September 1970. 

Morrison, W. R., et. al., 1971, Pond Linings foF Desalting Plant Effluents, 
t L (Supplement), U.S. Department of the Interior, Off 

Water R & D Report No. 734, October 1971. 

i Office of Saline Water, 1974, 1973-1974 Saline Water Conversion Summary 

Report, U.S. Departm t of the Interior, Office of Saline Water, 1974. - 
L 

L 



L * L" 
lpin, O., 1968, The L Rocky Mount 

Mineral Law Inst 

Pease, G., 1969, Cont 
Natural Resources Journal, Vol. 9, p. 653. 

s, S., 1974, Civil E 

ASCE Meeting Prepr 

L 

Prehn, W. L., et. al., 

Reed, M. J. and G. 11, 1975, Environmental Impact of Development 

Dry Brine E f f  

October 1970. 

Fields, Proc. U.N. Symp. on the Dev. and Use of Geoth. Res., 

L , pp. 1427-1434. 

t J  
Lr 

A 



I .L * REFERENCES CITED (Continued) . 
Stucky, H. R. and W. E. Arnwine, 1971, Poten t ia l  f o r  Desalting i n  the  

Tularosa Basin, New Mexico--A Case Study, U.S. Department of the  

In te r ior ,  Office of Saline Water R 6 D Report No. 776, August 1971. I 
i 
1 

wanberg, C. A., 1979, Chemistry of Thermal and Nonthermal Groundwaters 

i n  the Rio Grande R i f t  and Adjacent Tectonic Provinces, in R. Reiker 

(edi.), 1978. Internat ional  Symposium on the Rio Grande R i f t ,  American 

Geophysical Union, Washington, i n  press. 

Tolivia , E. , Hoashi , J. , Miyazaki , M. , 1975 , Corrosion of- Turbine 

Materials i n  Geothermal Steam Environment i n  Cerro Prieto,  Mexico, 

Ibid,  Vol. 111, Sec. V I I ,  pp. 1815-1820. 

United S ta tes  Geological Survey, 1962, Quality of Surface Water f o r  

Irrigation--Western S ta tes  1961, U.S. Department of t he  In t e r io r ,  

Geological Survey, Water Supply Paper 1966. t 
L 
t 
c 
II 

4 t, 
I 
t 

I- 

United S ta tes  Geological Survey, 1966, Quality of Surface Water f o r  

Irrigation-Western S ta t e s  1965, U.S. Department of the In t e r io r ,  

Geological Survey, Water Supply Paper 1967. 

United S ta tes  Geological Survey, 1970, Quality of Surface Waters of the  

U.S., U.S. Department of the  In t e r io r ,  Geological Survey, Water 

Supply Paper 2157. 
s 

Winslow, A. G. and L. R. Kister, 1956, Saline Water Resources of Texas, 
U.S. Geol. Survey Water Supply Paper 1365. 

Wood, Calvin, 1974, Contamination of an Aquifer by S a l t  Water Inject ion,  

Purdue Indus t r i a l  Waste Conference, 1974, pp. 141-147. 

Yasutake, Hideo, Hirashima, Mizuki, 1975, Results and Improvements of 

Water Treatment i n  the Cooling Water System of Otake Geothermal 

Power Plant: Ibid,  Vol. 111, Sec. V I I ,  pp. 1871-1877. 
f 

i- 

I -  

& 

& 


	Lower Tularosa Basin
	Saline and Geothermal Aquifer Well Fields Design
	Introduction
	Plant Sizes and Process Water Requirement
	Gallup and Grants
	Truth or Consequences
	Lower Tularosa Basin
	Introduction
	Waste Brine Quantities and Qualities
	Brine Disposal by Evaporation
	Brine Disposal by Subsurface Injection
	Brine Disposal Formation Propepies
	Brine Injection System DesignJ
	Introduction
	Process Water Pumping Unit Costs
	Brine Disposal Unit Costs

	8 Environmental Considerations
	Chemical Effluents
	Effects of Corrosive Brine
	Effects of Drilling
	Thermal Effects
	Land Subsidence
	Seismicity
	Summary

	9 Legal and Institutional Considerations
	Resource Access
	Saline Waters
	Geothermal Energy
	Federal Legislation
	New Mexico Legislation

	I 'Operational Regulation
	I Waste Disposal
	Common Law
	Federal Legislation
	New Mexico Legislation

	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









