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ABSTRACT 

This report presents the design, construction highlights, and performance of the 
New Mexico State University Campus Gcothcrmal Demonstration Project at Lqs 
Cruces, New Mexico. The installed system was fundcd by the New Mexico 
Legislature and the Department of Energy under a cooperative agreement. Con- 
struction started in July 1981, first system use was January 1982,  and the 
system was dedicated on April 21, 1382. Included herein are summary observa- 
tions after two years of use. 

The geothermal hot water from New Mexico State University wells is used to heat 
potable water, which in turn provides 83 percent of the domestic hot water on 
the New Mexico State University campus, as well as space heat to two buildings, 
and for two heated swimming pools. The original system is providing service to 
30 total buildings, with two additional buildings (150,000 square feet) in 
process of geothermal conversion. 

The system overall performance has been cxcellcnt, except for geothermal well 
pump problems. In terms of operating efficiency, the system has exceeded the 
design parameters. In spite of abnormally high costs for well and pump repairs, 
the system has shown a positive cost avoidance of more than $118,000 for the 
first year of operation. For the first two full years of operation, the system 
has produced a net positive cost avoidance of more than $200,000.  Payback on 
the total investment of $1,670,000 is projectcd to be 6 to 10 years, depending 
on the future prices of natural gas and elcctricity. 
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Gr) 1. INTRODUCTION 

On the New Mexico State University campus at Las Cruces, New Mexico a large 

scale geothermal system has been successfully constructed, tested, and used.  

The system provides domestic hot water to eleven user complexes of university 

buildings, including the dormatories, student athletic facilities, and the 

natatorium complex which contains two swimming pools. Currently, the system 

also provides space heating for 3 0 , 0 0 0  square feet in two buildings, and 

construction is underway to expand the system to add 150,000 square feet of 

heated space in two additional buildings. There will be 32  buildings supported 

by the geothermal resource. Formal dedication was April 21, 1982, following a 

seven-month construction program and a three-month operational check-in period. 

This construction was the culmination of a progressive series of studies, 

feasibility and research followed by a detailed geothermal acquifer evaluation. 

Design and construction were initiated after determination was made that on a 
long-term basis, the aquifer could siipply the necessary quantity of water at 

sufficient temperature. 

This project was constructed using $823,000 construction funding from a special 

appropriation of the New Mexico Lcgislature, $70,000 of New Elexico funding for a 

new disposal well, supplemented by $336,000 from U.S. Department of Energy for 
well drilling and project management. The installed system has the capability 

to supply 15 million BTU per hour of geothermal heat, and in the initial phase 
described herein the system is supplying a peak load of 3.5 million BTU per 

hour. 

Operation of the system has demonstrated an overall highly successful use of 

geothermal energy. In the first 18 lull months of operation, the system 

displaced more than 7 5 , 0 0 0 , 0 0 0  cubic feet of natural gas,.and generated a fuel 

offset of more than $ 4 0 0 , 0 0 0 .  Operations were constrained by difficulties with 

production wells and production well pumps. Follow-on support costs to provide 

well repair and replacement pumps rcduccd the 18-month total net positive cost 
offset to $118,000. For 24 months of service, total favorable cost offset is 

$200,000. 

Problems experienced in production, including large amounts of sand and highly 

corrosive hydrogen sulfide have largely been resolved. A new production well 
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is being designed to intersect the deeper fractured carbonate rocks, to avoid 

the sand problem. Well pump problems have been resolved by switching to a new 

vertical shaft turbine pump to replace short-lived submersible pumps. 

1.1 Object ives 

The primary objectives of this'project were to provide a successful, large scale 

geothermal direct heat development in New Mexico, and demonstrate the successful 

application of large scale commercial usage of low temperature geothermal water 

in New Mexico. To accomplish these general objectives, this project also had to 

demonstrate the useability of a geothermal resource that has no surface 

manifestations, and to demonstrate that the resource was environmentally safe to 

use. Moreover, the project had to demonstrate that proven technology existed to 

produce the geothermal resource, and that adequate commercial technology 

existed to use the geothermal water without special research equipment. 

1.1.1 Department of Energy Project Opportunity Notice Program 

The use of geothermal energy for direct heat purposes by the private sector 

within the United States has been quite limited to date, yet there is a large 

potential market for thermal energy in such areas as industrial processing, 

agribusiness, and spacelwater heating of commercial and residential buildings. 

Technical and economic information is needed to assist in identifying prospec- 

tive direct heat users and to match their energy needs to specific geothermal 

reservoirs. 

In September 1977 and April 1978, the Department of Energy, Division of Geo- 

thermal Energy (now the Division of Geothermal and Hydropower Technologies), 

issued two Program Opportunity Notices. 

national geothermal energy program plan, which had as its goal the near-term 

research and development of hydrothermal resources by the private sector. 

Although this NMSU Geothermal Demonstration Project was funded by a New Mexico 
appropriation, the basic cooperative agreement contract with DOE was funded for 

well drilling and project management by the DOE PON program. Accordingly, 

reporting guidelines for the PON program were incorporated within the NMSU 

contractual terms with DOE. 

These solicitations were part of DOE'S 



1.1.2 Demonstration Project 64 
Demonstration projects receiving financial support under the DOE'S PON program 

must resolve a number of technical and institutional problems ranging from re- 

source exploration to retrofit and operation of the plant on geothermal energy. 
The technology developed in these initial projects is being made available to 

the general public and to stimulate the development of geothermal energy. 

1.2 Pre-Project Background 

From 1974 to 1379 NPlSU had experienced a 4,600 percent increase in the cost of 
natural gas. Moreover, the NMSU gas supply was interruptible; which meant the 

gas supply could be discontinued during peak usage periods if a prolonged period 

of cold weather occurred. The compound problem of escalating costs and the 

increasing probability of gas supply disruption was expected to continue 

indefinitely into the future. Research funded by New Nexico and DOE had 

provided evidence that a potentially usable geothermal resource existed under- 

neath NMSU-owned land. This research started with evidence that a few warmer- 

than-normal shallow wells existed. A comprehensive series of geophysical 

investigations were conducted which culminated in two deep geothermal gradient 

wells completed in early 1979. These gradient wells established the existence 

of a resource with a probable temperature of at least 140°F, and possible flow 
rates of up to 200 gpm. 

In August, 1979, NMSU drilled the first geothermal production well to a depth of 
850 feet (NMSU PG-1). Subsequent limited flow testing showed evidence of 200 

gpm potential, with well-head water temperature of 142'F. A second shallow 

production well was drilled later in 1979 to serve as the henting source for the 

University Center and President's house. This well (NHSU PG-2) is 600 feet deep 
and produces water at 118'F. 

Based on the successful well drilling, New Mexico Energy and Minerals Department 

provided funding for a detailed aquifer evaluation and design of a geothermal 
system. The design phase was intermeshed with the DOE funding under the 

cooperative agreement, and also served as the scientific basis for the con- 

struction appropriation by the New Mexico Legislature in March 1981. 
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As defined for back-up data to the appropriation, the proposed NMSU Geothermal 

Energy Application Project would use gcothermally heated domestic hot water to 

supplement the central steam space heating system, and provide domestic hot 

water to campus buildings to replace an estimated 50,000 MCF (roughly equivalent 

to 50,000 million BTU) per year of scarce and costly natural gas consumption. 

Moreover, the natural gas replaced by geothermally heated water would be 

available to Las Cruces to provide additional space heating for the rapidly 

expanding residential sector. 

1.3 Project Scope 

1.3.1 Initial Scope 

Based on the engineering design feasibility study, the project was defined in 
scope to include domestic hot water to five NMSU dormatories, and four other 

buildings, along with heat for the indoor swimming pool. 
provided for one primary production well, with a single back-up well, and one 

disposal well. Proposed design heating load was a peak load of 7.5 million BTU 
per hour. To meet this load, the hot wntcr storage tank was conceptually sized 

to hold 50,000 gallons of water. Expcctcd geothermally heated domestic water 

supply temperature was 125'F, with probable minimum temperature of 115'F. 

flow rate (normalized at 105'F) was expected to be 300 gpm. To support this 
load, a single heat exchanger was specified, which was to be titanium clad to 

avoid expected corrosion problems. 

The conceptual design 

Peak 

1.3.2 Final Scope 

The completed project is shown in site context in Figure 1-1, and a more 

detailed schematic portrayal is shown in Figure 2-1. 

n 
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NMSU CAMPUS GEOTHERMAL PROJECT 

Wells 

. .. - 

1 Regents Row 
2 Rhodes Hall 
3 Women's Res. Center 
4 Garcia Hall 
5 Alumni Ave. Res. Center 
6 Natatorium 
7 Indoor Pool 
8 Outdoor Pool 
9 Activity 

10 Stadium Facilities 
I 1 1  Pan Am Center 

Figure 1-1 NMSU Caiiipus~ Ceotlreriiral Project . 



The p roduc t ion  well f i e l d  c o n t a i n s  two p roduc t ion  wel l s ,  each  capob lc  of 

s u p p l y i n g  twice t h e  r e q u i r e d  h e a t  l oad .  

D i sposa l  o p e r a t i o n s  encompass two d i s p o s a l  w e l l s ,  each c a p a b l e  of h a n d l i n g  

twice t h e  c u r r e n t  geothermal  p roduc t ion  volume. 

Two i d e n t i c a l  p r imary  hcn t  exchangcrs  wcrc instal l e d ,  each  capable of 

h a n d l i n g  200 gpm f low r a t e .  

L)  p l a t e  and frame exchangers .  

The exchangers  a r e  s t a i n l e s s  steel  (Type 316 

The h o t  wa te r  s t o r a g e  t ank  has  a c a p a c i t y  of 60,000 g a l l o n s  of h o t  water. 

I n s t a l l e d  h e a t  load  c a p a c i t y  is  15.0 m i l l i o n  UTU p e r  hour ,  and c u r r e n t  peak 

l oad  s u p p l i e d  is  3 . 5  m i  1 l i o n  DTU p e r  hour .  

Peak h o t  wa te r  flow is 400 gpm. 

The i n s t a l l e d  systcm p r o v i d e s  domes t i c  hot wa te r  t o  e l e v e n  b u i l d i n g  

complexes (32 t o t a l  b u i l d i n g s )  p rov ides  h e a t  f o r  t h e  indoor  swimming pool  

(270,000 g a l l o n  pool) and t h e  ou ldoor  pool  (500,000 g a l l o n  p o o l )  and 

p r o v i d e s  s p a c e  h e a t  f o r  t h e  t h e  Natator ium complex and t h e  F o o t b a l l  Stadium 

Off i c e .  (30 ,000  s q u a r e  f e e t  of h c a t c d  space) .  

1 .4  Growth P o t e n t i a l  

1 . 4 . 1  F u t u r e  P o s s i b l e  Expcnsion 

'The e n g i n e c r i n g  d e s i g n  phase  f o r  the c u r r e n t l y  i t i s t a l l e d  s y s t e m  addres sed  o n l y  

domes t i c  h o t  wa te r  corisiimption a s  tlic pr imary u s e  o f  t h c  geothcrmol  water. 

During t h a t  s t u d y ,  howcvcr, cv idcnce  was acciinitniilatcd that some s p a c e  h e a t i n g  

a l s o  was p o s s i b l e .  Subsequei i t ly ,  tlic cot is t ructecl  s y s t e m  inc luded  s p a c e  h e a t i n g  

a p p l i c a t i o n  f o r  two b u i l d i n g s ,  p l u s  a t y p c  of space I ica t ing  for tho. two swimming 

,001s. The e n g i n e e r i n g  s t u d y  a l s o  i d e i i t i f i c d  f u t u r e  spnce  l i c a t i n g  t a r g e t s  i f  

t h e  t ieveloped systcm r e s u l t e d  i n  s u f f i c i e n t  confidci icc  i n  tlrc r c s o u r c c  and re- 

s o u r c e  a p p l i c a t i o n  t o  war ran t  expans ion .  Figure 1-2 is the b u i l d i n g s  which a r c  

ca i id ida t e s  f o r  nenr-tc:rm f u t u r e  conve r s ion  t o  gcotlicrmal Iteatiiig. 
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OPTION 

FUTURE EXPANSION 

SAVINGS 

0 Two buildinw under dosign for Geothermal Heating: 
F12 

0Donnoll Hall 54,000 
BreOand Hull 94,QOO 

Total 148,000 

e Add space heating to 8 currmtly-ierved buildings 

0 Convert 24 othor buildings 

Add futuro new buildings (Businera Building and 
other new buildings) 

2-year payoff of capital costs of $65,000 
2 -year payoff of capital costs of $75,000 

Will use part of installed capacity 

Figure 1-2 



1.4.2 Near-Term Future 1:xpansion 

Expansion of gcothermal service to the following buildings, all on Stewart 

Street, is rccommendcd to provide capability to discontinue stcam service 

totally on the south steam pipeline from the Central Plant to the Alumni 

Dormatorics mechanical equipment room during the five-month "summer" condition. 

Normally from mid-April to mid-October, the Central Stcam Plant is switched to 

the small boiler, and the steam system is operntod in the 30 psig mode. 

Activity Ccnter 

Breland Hall 

O'Donnell Ifall 

Anderson Ifall (Physical Science Laboratory) 

1. L( . 3  Current Expans ion 

A modification currently is under construction, schcdiiled to be complcted in mid 

1384, to provide geothermal space heating to 0'Donnt:ll and Oreland IIalls. This 

modification is funded by a cost-sharing agrecmctit bctwectl NNSU and the Energy 

Conservation Program for public schools. Thc project entails a pipeline 

extension to both buildings, as well as building retrofit fDr both space heating 

and domestic hot water 

1.h.3 New Deep Production Well 

A decision is pending for a new 2,400-feet deep production well. Pluch pre- 

liminary work has been conducted to determine a suitable location for the 

exploratory well site. A site in the vicinity of n likely fault-intersected 

zone has been selected based on surface gcophysicill work conducted as part of 

thc product ion we1 1 decision process. 

Geological data obtained from self potential, soil tielium and soil mercury 

surveys, coupled with temperature gradients arid electrical resistivity studies 

provide information needed for the site sclection. Ttiesc studies wcre used to 

supplement data from a refraction and reflcction seismic survey which covered 

4.7 line-miles. 
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Ttic cooled gcothermal fluid is routed to the disposal wells located one-tia!f 

mile from the heat exchangers, and reinjected into thc geothermal aq1,ifer. The 

hot cater storage tank providcs domestic hot water at pcak floc; ratc c <  up to GOO 

gpm, und provitlcs a short-term storage capability in the event of temporary 

system outages. The system components havc been sized to provide a built-in 

capacity for ftiture expansion. The system controls and instrumentation are an 

intcgral part of the NMSU Campus Energy Hanagcment System (EYS) ;+hich is 
designed to provide remote monitoring and centralized computcr controi of energy 

consumption. 

During 3& months of operation, the system has opcrated relatively trouble-free 
for most of the system components. The Heat Exchangers have been disassembled 

for inspection three times, and no fouling or scaling has been presenc. The Gas 

Separator has worked as designed, and provided a simple, but effective, way to 

get rid of troublesome dissolved gases. The Hot Water Storage Tank has per- 

formed as designed to maintain temperature for peak flow needs, and the control 

point of the on-campus distribution system. ?lorcover. it was used as a short- 

term t>ack-up source during six unplanned system outages caused by electrical 

malfunctions (one operator error and fivc wcather-induced). In addition, the 

tank has provided a capability to maintain a usctblc temperature for longer-term 
outages of up to 72 hours. 

providing domestic hot water at 138'F to the campus, starting with a geothermal 

resource temperature of 142-144OF with only a four to six-degree loss in tem- 
perature through four miles of pipeline and the heat eschangcrs. 

The installcd systcm dcrnonstrated n capability of 
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SYSTEM OVER-VIEW 

GEOTI4E3MAL 
"ELL NO. 3 

GEOTHE3MAL 
WELL NO. I 

n 

Flow Rata 
(100- 250 Fpm 1 145" F 

000- 30,COO 
lit%rs/ day 
C02 GAS 

GAS 

230 gpm 
142" r' 

SEFA a ATC i! 

100-230 Gprn 
141 - 145' F I 

GOMESTIC HOT '#ATE3 
100 -230 jcrn 

139" t 

U 
MAIN INATE2 TANK 

4 MILLION GALLCNS 

1 Stadium 4 PUMPS 
facilities I 25 qpm -. 

?EAK FLCW-173 spm 1 
AVG FLOW - 35 spm 

130-135' f SOUTH LCOP 

NATATORIUM r'AC!LITiEf 
ALUMNI CORMS 
ACTIVITY CENTER 
REGENTS DORMS 

PEAK - 210 ~;cm 
AVC FLOW -70 GFKI 

130-135'F 

Figure  2-1 hNSU Campus Geothermal System 
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2.1 Project Development 

Construction of the geothermal system was funded by a special appropriation of 

$829,000 to New Mexico State university from the New Mexico State Legislature in 

1981. Funding for the well field expansion completed in January 1381, Project 

Planagemnt and system monitoring was provided by a grant from the U.S. 

Department of Energy through the Idaho Operations Office. Follow-on funding by 

the New Mexico Energy and Minerals Department was provided to drill and complete 

a second disposal well, completed in October 1982. An additional grant from New 

Plexico Energy and Minerals Department was used to conduct detailed geophysical 

studies leading to a new deep, production geothermal well expected to be drilled 

and completed in 1984. Concurrently, New Plcxico State University funds have 

been used to cost-match other funds used to expand the system to provide space 

heat to two additional buildings (Breland Hall and O'Donncll Ha11 with a 

combined total of 150,000 square feet of heated space.) 

The Geothermal Demonstration System has resulted in a considerable saving; this 

saving is developed in detail in Section 3 3 . 0 .  The natural gas displaced is 

available to the City of Las Cruces for residential or other use. 

a secure, economical source of hcaL, there are many other benefits generated 

from the geothermal project. 

In addition to 

The engineering construction, design, and economic evaluation document for this 
p r o j e c t ,  Report EMD 2-68-2207, provides  a complete guide  f o r  d e s i g n  and 

construction of similar projects. A detailed study and analysis of campus 
energy requirements and methodology to gather required data is given. Detailed 

design criteria are listed for each of the major components of the geothermal 

system. 

of other projects. 

The cost/benefit analysis is an excellent guide for economic evaluation 

A low temperature aquifer having Considerable production capability has been 
identified; work continues to identify the full extent and production capability 

of this aquifer. Successful exploitation of this aquifer has encouraged 

geothermal work in the Rio Grande Rift in particular, and in general, in other 

geothermal areas. The installed system is a built-in visitor show piece. In 

the past 24 months, more than 175 groups of businessmen, students, and civic 
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leaders have toured the project, in addition to representatives from foreign 

nations. 

A brochure has been prepared to provide the geothermal developer with a sim- 

plified guide and checklist to aid in completing the permitting process in the 
State of New Mexico. Detailed instructions are given to guide the developer 

through the technical process necessary to acquire permits for a geothermal 

well. 

regulatory process is detailed. The brochure also provides sample completed 

forms and instructions for completing these forms. 

For each progressive step which involves state and federal agencies, the 

2.2 Economic Result 

The system provides heated water to eleven building complexes on the NMSU 
campus. Heat sources are provided to a total of 32 buildings including space 

heating, domestic hot water, and heating of the indoor and outdoor swimming 

pools. This geothermally heated water displaces steam from the Central Heating 

Plant and consequently reduces natural gas consumption. The payback period for 

this nroject is estimated to be 6 to 10 years depending on the future costs of 

natural gas and electricity. Current gross annual savings are estimated to be 

at least $250,000.  See section 33 (System Economics) for further details. 

2 . 3  Net Energy Analysis 

2.3.1 General 

A method of assessing the comparative advantagc of energy replacement system is 

so-called net energy analysis. In this still new method of project evaluation, 

the total energy for all materials and energy expended over the life of project 

is calculated for each of the alternatives. It is noted that the net energy 

analysis is somewhat limited in that the energy of certain maintenance and 

operations over the project life is only crudely known. The great advantage is 
that the method is entirely independent of monetary inflation and variable cost 

escalation of alternative fuel and materials. 
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For this particular project, the errors introduced by estimation are rather 

small, because the large portion of the energy is readily calculated generating 

energy. (Approximately 95 percent of the total project expended energy is for 

pumping). 

2 . 3 . 2  Methodology 

The net energy analysis of the NMSU Geothermal Project was conducted for 

domestic hot water heating. Geothermal fluid at 142OI: was taken as free good, 

but all items of energy involved in constructing and generating the system were 

taken as an energy cost. The energy which woiild not be used in the existing 

Central Heating Plant was taken as an energy credit. The net benefit over a 15 

year life, in BTU and as a percent of energy now being expended, was then 

calculated. 

The following method was used to determine energy of construction: 

(1) Well drilling; information from a drilling contractor on fuel expenditure 

per 100 feet of depth in the type of formation represented by the NMSU 
geothermal aquifer. 

( 2 )  Well completion; published figures on energy consumption for iron and steel 

making, plus design weight of metal used to fabricate well casing, pump 
bowl, pump column, ctc. (Omitted: Energy & mining and transporting ore 
and coal). 

( 3 )  Pipe fabrication; the system pipeline consists of both steel pipes and 

asbestos pipes. Energy consumption for pipe fabricatiiig was based on the 

published figures on energy for steel and asbestos making. 

( 4 )  Heat exchanger, gas separator, and hot water storage tank; same as item 

( 2 )  f 

(5)  Insulation; heat of formation of design amount of insulating material. 
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( 6 )  InstallaLion; approximate figures on hourly fuel consiimption of trenching 

and welding machilicry, plus the total hours of operation in completing the 

sys tcm. 

( 7 )  Maintenance and operations; record of wclls and well pumps repairing, plus 

fuel consumptioil for vchicle used to maintain the system operation. 

The system operating criergy was based on the actual data of annual electricity 

consumption for well pumping. The BTU cquivalcnt of electrical cncrgy was 
computed at 30% overall efficiency of electrical generation. 

Table 2-2 shows the net energy analysis for domestic hot water to the eleven 

building complexes over a 15-ycar period, assumming no change in present demand. 

Calculation is detailed in Section 33.10 .  The calculation was for; (1) a 

geothermal f l u i d  of 142OF which adds 7S°F to heat the supply domestic water on 
thc average flow rate of 100 gpm and a 240-day per year basis, (2) the system 

overall efficiency of 52 percent (80 percent Central Plant efficiency, and 65 

percent end-usc efficicricy). A nct saving of 85.6 percent of natural gas now 

being used is predicted, this amounts to over one-half billion cubic feet of 

natural gas saved over a 15-ynar period. 

assumed heat content of one million BTU per PICF). 
(The natural gas saved was based on an 

n 
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W n I I  I ) r i l l i i i g  

Wc 1 1  Complct ion 

l ' ipc 1;iil)r icnL i o r l  

1 I (! n L Ex c I I ii n go r 
('. 1~1s . Separator 

llot Watcr SLorngc Tank 

I n s u l a t i o n  

l n s t , i l  l i l t i o n  

Haintc.naiicc and O p r n t i o n s  

Encrgy f o r  wcll pumping 

21 1 

65 1 

1,053 

84 

70 

252 

15 

885 

1 , 4 7 3  

83 ,325  

' rota 1 Expcil(ic!d Energy 90 ,025  

Natural C a s  Use Replaced 623,080 

' Nct Energy Saving:  8 5 ; 5 6 % ,  or 0 . 5 3 3  b i l l i o n  c u b i c  feet of natura l  

gas saved over a 15-year period. 
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3 .  CONCLUSIONS AND RECOMMENDATIONS 

3 . 1  Techn ica l  

3 . 1 . 1  O v e r a l l  Conclusions 

The p r o j e c t  has  proved t o  be a t e c h n i c a l  s u c c e s s ,  and has  been a h i g h l y  s u c -  

c e s s f u l  demons t r a t ion  o f  l a r g e - s c a l e  geothermal  o p e r a t i o n .  I t  has  s e r v e d  as a 

f o c a l  p o i n t  of  N e w  Mexico S t a t e  U n i v e r s i t y  a l t e r n a t i v e  energy r e s e a r c h ,  and many 

u s e f u l  a p p l i e d  r e s e a r c h  l e s s o n s  have been l e a r n e d  t o  be t r a n s f e r r e d  t o  o t h e r  

p r i v a t e  s e c t o r  a p p l i c a t i o n s .  A t  t h e  same t i m e ,  t h e  p r o j e c t  has  p e r m i t t e d  a 

d e t a i l e d  assessment  t o  be performed o f  t h e  Las Cruces geothermal  anomaly, and 

q u i t e  p o s s i b l y  w i l l  pave t h e  way f o r  a ve ry  l a r g e  c i t y  h e a t i n g  d i s t r i c t  p r o j e c t .  

More t h a n  175 d i f f e r e n t  groups from t h i s  county and s i x  f o r e i g n  n a t i o n s  have 

t o u r e d  t h e  p r o j e c t .  I n  s p i t e  of  less t h a n  s a t i s f a c t o r y  w e l l  pump l i f e ,  t h e  

p r o j e c t  has  o p e r a t e d  s u c c e s s f u l l y  f o r  two y e a r s ,  and i s  be ing  expanded. I t  w i l l  

s e r v e  as a v i a b l e  and expanding p r o j e c t  f o r  many y e a r s .  

On t h e  f i n a n c i a l  s i d e ,  t h e  p r o j e c t  i s  commendable because such a l a r g e  p r o j e c t  

was c o n s t r u c t c d  w i t h  a r e l a t i v e l y  sma l l  c a p i t a l  o u t l a y  i n  comparison w i t h  o t h e r  

geothermal  p r o j e c t s .  The g r e a t l y  t r u n c a t e d  w e l l  pump l i f e  has  caused NMSU 

e x p e n d i t u r e s  t o  s u p p o r t  t h e  system o p e r a t i o n  t o  be much l a r g e r  t h a n  f o r e c a s t .  

I n  t h e  f i r s t  18 months of o p e r a t i o n ,  s u p p o r t  c o s t s  have been f o u r - f o l d  l a r g e r  

than anticipated. Overall, natural gas savings have more than covered t l ~ e s c  

s u p p o r t  c o s t s ,  however, and t h e  p r o j e c t  shows a n e t  f a v o r a b l e  c o s t  v a r i a n c e  of 

more t h a n  $200,000 f o r  t h e  f i r s t  two y e a r s  of  o p e r a t i o n .  

3 . 1 . 2  Disso lved  Gas Control  

In  t h e  e a r l i e r  s t a g e s  o f  a q u i f e r  e v a l u a t i o n ,  t h e  focus  of  r e s e a r c h  was on t h e  

g r o s s  pa rame tc r s  o f  f l u i d  e x t r a c t i o n  r a t e s ,  r e s e r v o i r  performance,  l i k c l y  l i f e  

and o t h e r  i n f o r m a t i o n .  After  t h e  f i r s t  permanent pump was i n s t a l l e d ,  however, 

t h e  problem o f  d i s s o l v e d  g a s e s  became a conce rn .  The vendor o f  t h e  f i r s t  pump 

a t t r i b u t e d  s u b s t a n d a r d  pump performance t o  t h e  p r e s e n c e  of  d i s s o l v e d  g a s e s  i n  

t h e  w a t e r .  P a r t l y  t o  assess t h e  l e g i t i m a c y  of  t h a t  c l a i m ,  b u t  a l s o  t o  g a i n  a 

b e t t e r  u n d e r s t a n d i n g  and c o n t r o l  of  t h e  geothermal  f l u i d ,  a program of focused 
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research was started. Initially, a small test apparatus was designed and 

constructed at the well head to accummulate gases and measure the dissolved gas 

content. This program, coupled with detailed water analyses, enabled the team 

to determine gross gas parameters. It was soon recognized that dissolved carbon 

dioxide was the potentially largest source of problems. A t  the same time, the 

program benefited from a research program conducted by Carl Bernhart of New 

Mexico Tech under the guidance of Dr. Norman. Their research was an attempt to 

devise a new gas geothermometer, and the program involved acquiring and 

meticulously analysing water samples from geothermal wells and springs to 

measure gas content. The samples obtained from our wells provided the first 

complete analytical data for dissolved gases. 

Based on the field data from the test apparatus, and Carl Bernhart's analyses, 

the large scale gas separator was designed and built. Subsequently, a series of 
follow-on gas analyses were done, and these analyses confirmed that the gas 

separator was performing to design specifications. More than one-half of the 

dissolved carbon dioxide, and most of the dissolved nitrogen was separated by 
simply expanding the pumped fluid to atmospheric pressure in a large surge 

vessel. 

Because of the corrosive nature of the geothermal water, coupled with the very 

high fluid velocity resulting from this rapid expansion, stainless steel 

fittings were used in the final valve and the piping interconnects. 

of initial construction, however, an artificial constraint was imposed by 

procurement rules so that the valve body was mild steel so as to keep the valve 

cost within artificial cost limits. As a consequence, the valve failed after 

only 1,000 hours of operation. It was replaced by the correct stainless valve 

body, which now has more than 15,000 hours of operation. 

At the time 

As an important side benefit of the dissolved gas control program, the ana- 

lytical work also facilitated calculations for the partial (vapor) pressure of 

the gasses. In turn, this information provided guidelines for pump setting 

levels and dynamic draw-down levels to assure sufficient water head was in the 

well bore to keep pump section pressure higher than the dissolved gas partial 

pressures. 
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3 . 1 . 3  Materials Selection 

Based on an active program of literature research and laboratory testing, an 

early determination was made that selection of materials to combat expected 

corrosion problems'was a key decision. 

gases, pH, and temperature of the geothermal watcr, the research team had 

confidence that stainless steel type 316L was probably most compatible with the 

fluid. Further, the pipeline should be epoxy lined, as would be the large tanks 

used for the gas separator and the 60 ,000  gallon hot water storage tank. 

Moreover critical control valves would have either a stainless steel body, or 

stainless steel trim with epoxy coating on the surfaces exposed to gcothermal 

fluid. 

From the analysis of dissolved minerals, 

Other than the one valve failure identified earlier, there have been no system 

surface components which have failed due to corrosion in more than 15,000 hours 

of operation. The stainless steel heat exchangers have been dismantled three 

times for inspection, and show no evidence of fouling or corrosion. The down 

hole equipment has not faired nearly as well, even though the pump columns have 

been coated with epoxy on the exterior surfaces. The corrosion problem in the 

wells has resulted from an unexpectedly high level of hydrogen sulfide gas which 

has caused sulfide embrittlement and consequent severe pitting, scaling, and 

attack of threaded portions of the pump column. 

amenable to control with flanged column pipe with special O-ring grooved 

fittings and epoxy coating on column pipe interior and exterior surfaces. 

This latter problem possibly is 

These latter measures were used on the last pump setting on the primary produc- 

tion well, PG-1. The protective features are not yet field tested, because the 
well produced so much sand during initial pump testing that the pump was 

removed. It will be re-installed in mid-1984, and long-term use will dictate 

how successful the new protective measures are in controlling sulfide embrittle- 
mcnt . 

3 . 1 . 3  Primary Heat Exchangers 

During the design stages of this project, the primary heat exchangers were sized 

for an expected peak demand of 250 gpm. As the project end-use boundaries 
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expanded, and as better data became available for likely peak and average hot 

water demands, a need was foreseen for expanded capacity. Moreover, titanium- 

clad heat exchangers initially were being considered to combat expected serious 

corrosion problems. As indicated previously, the on-going research suggested 

that type 316L stainless steel would be adequate. It was also foreseen that a 

need would exist to inspect the heat exchangers on a regular basis, and a 
capability was required to keep the system in operation during the expected one- 

week duration inspection and cleaning process. Accordingly, at a cost equal to 

one titanium exchanger, two stainless steel exchangers were purchased and 

installed. 

for a total installed capacity of 400 gpm. With two exchangers installed, in 

operation the system uses both, with the flow equally distributed. 

Each is rated at 200 gpm capacity with a 10°F approach temperature, 

As a result, 

the exchangers (because of the doubled heat exchanger surface) are capable of a 

one-to-two degree approach temperature. The overall system then is able to 

deliver up to 200 gpm of consumptive hot water to the campus end-points, at a 
total heat loss of only 3 to 5 degrees from the well head through the entire four 

miles of pipeline, through the heat exchangers, and through the hot water 

storage tank. This performance exceeds design parameter, which allowed a 17- 

degree temperature drop, and which also considered as much as a 27-degree 

temperature drop as adequate for intended system use. One major result of this 

performance has been high confidence levels in the system, and concurrent 

expansion plans for space heating applications which can use the 136 - 138'F 

delivered temperature. 

3 . 1 . 4  Outdoor Pool Heat Exchanger 

This smaller unit is also a plate-and-frame exchanger, which was sized for a 
lO'F approach at a balanced flow of 80 gpm on both cold and hot sides. 

side is swimming pool water, which requires chemical temperature (effectively 

chlorination) to meet health standards. The team explored the possibility of 

directly mixing potable hot water with pool water to heat the pool. The cost of 

chemical treatment far outweighs the cost of heating. Hence, a heat exchanger 

is required. The unit worked as designed, but a problem occurred because the 

hot side reinjection temperature was 95'F or better at flow rates above 40 gpm. 

This temperature resulted from the highly efficient system performance in 

delivering hot water to the campus. 

The cold 

Original design was to reinject the cooled 
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hot side water back into the domestic (cold) water drinking supply, but the 

elevated temperature excessively warmed the cold water supply for adjacent 

buildings. The problem was solved by adding additional plates to the exchanger, 

so that its net output increased by 50 percent, which at the same time produced a 

4'F approach temperature. Cost of the change was only 10 percent of exchanger 

costs, and was accomplished very easily. 

3.1.5 Hot Water Storage Tank 

The system design considered a 50,000 gallon tank to be adequate, and also 

envisioned a large 35 Hp circulation pump which would operate through a 3-way 

valve' to keep the tank contents thoroughly mixed to control expected temperature 

stratification in the tank. This large pump was to be supplemented by smaller 

in-line pumps. Design changes increased the capacity to 60,000 gallons, which 

was installed. A more cost-effective alternative was designed and built to 

control temperature stratification. To minimize circulating pump needs if water 

was withdrawn from the top of the tank, both inlet and outlet ports are in the 

lower part of the tank. In turn, each is connected to a perforated pipe which 

runs the length of the tank (72 feet). The two perforated pipes are three feet 

apart. Inlet water at 136 - 138'F blends with tank water, and the outlet draws 

from the same general horizon throughout the tank. 

down, outlet temperature is within four degrees of inlet. 

Even after prolonged shut- 

Because the tank is insulated, and buried so that the top is three feet below 

ground level, the tank has a very low rate of heat loss. In controlled testing, 

the tank lost less than 1'F in 24 hours under lock-up conditions, and still 
provided a 125'F usable temperature after lock-up of 120 hours. The tank also 

serves to provide in-place capacity for up to 400 gpm peak demand, with a six- 

hour reserve, or 250 gpm peak demand ith a 16-hour reserve. During six un- 

planned power outages, the tank has p~ vided all required hot water demands. 

The tank is replenished by a 100-gpm istant inflow. As system demand in- 

creases for follow-on use, the inflow ate will be increased. Total system 

distribution system pumping needs are met using one 3 Hp, one 5 Hp circulating 

pump and one 7 . 5  IIp pump. The smaller-pumps have decreased system operating 

costs by more than $10,000 per year at current electricity costs, in comparison 

with the single large pump originally envisioned. 
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The tank was mplaced by using a sand cement foundation which was poured after 

the tank had been installed and connected to the system, and the tank had been 

insulated. This method was very cost effective compared with poured concrete, 

and also avoided differential settling which would have cracked connecting 

fixtures. The design and installation proved to be very effective. 

3.1.6 Space Heating for the Football Stadium Building 

This building heating system was designed for 180'F circulating hot water, with 

the energy supplied by a buried steam line and condensate return line 1,200 feet 

long. The original design considered supplying only geothermally heated 

domestic hot water, by a separate small feed line from the primary distribution 

system pipeline some 400 feet away. After performing tests to determine heat 

load in the building, and heat loss from the steam and condensate lines, a 
change was engineered to supply building heat by using the 135OF water piped to 

and from the building using the existing steam/condensate lines. Initial 

calculation indicated a rate of 50 gpm would be required under peak winter load. 

Subsequent system testing showed that the actual load was met by 30 gpm, with a 
heat loss in the overall loop from hot water storage tank to the stadium arid 

return, of only 200,000 Btu per hour. 

more than over 500,000 Btu per hour. The difference between the two values 

represents wasted energy. The system proved so efficient that the stadium and 

other facilities satellited on the geothermally installed hot water storage tank 

are supplied 1.y circulating hot water during those periods of time when the 

gcothcrmal system is shut cioxn. If necessary, the steam system could be re- 
instal led by merely opening and closing appropriate valves. 

The original steam system was providing 

3.1.7 After the procurement bidding process had resulted in selection of Johns- 

Nanville TEMPTITE as the pipeline material, detailed heat balance calculations 
were made. This analysis suggested that the uninsulated couplings normally 

installed (which amount for roughly 8 percent of total pipeline length) could 

result in a loss of several degrees of temperature in the overall system. 
Horeover, at that point in 

pessimistic design case (120 

occur.  the team felt that 
unacceptable. Accordingly, 

the design process, concern existed that the 

- 127'F delivered water temperature) possibly would 

the uninsulated couplings temperature loss was 

a field insulation was applied to every coupling 
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during installation of the pipeline. The insulation consisted of 5/8-inch 

Armoflex, fixed into and around the coupling. A vapor barier consisting of two 

sheets of 4 mil polyethylene was then taped tightly around t h e  coupling. After 

the system was installed, field trials verified that at least 2.S°F temperature 

loss was avoided. Based on material and labor costs, the incremental cost for 

:his insulation was $0.50 per foot, with a resultant total additional pipeline 

cost of approximately $7,500. 

3.1.8 Back-up Production and Reinjection Wells 

Early in the design phase, thc team recognized that major uncertainties existed 

concerning life of the resource, equipment performance, and equipment life. 

Since this was a demonstration project, additional measures were necessary to 

assure redundancy in critical system components. For these reasons, the system 

installed contained two production wells, each equipped with a pump, and two 

disposal wells. (The second disposal well was drilled and completed as a New 

Mexico funded project after the system was dedicated). The wisdom of this 

decision is best evidenced by the fact that the system has been supplied only by 

the secondary production well (PG-3) for a 12-month period starting in March 

1983. In that time, a series of pump failures and other well problems have 

caused the primary production well (PG-I) to be out-of-service. Moreover, the 

system has been successfully adjusted and modified numerous times without 

terminating service because hack-ups and by-pass systems are available. 

3.1.9 Geothermal Well Design 

The major conclusion reached after testing and using the geothermal wells for 

almost four years is that a severe penalty has been incurred for the original 

decisions made on well casing diameter, and well screen material. Both pro- 

duction wells have a 10-inch inside diameter. A vertical shaft turbine pump for 

dynamic pumping conditions is then limited toaa maximum size of 235 gpm. It is 

true that a submersible pump could be purchased to provide 350 gpm under larger 

draw-down conditions, and submersible pumps initially were used. Howevcr, the 

high speed, and light weight construction of the submersible pumps makes them 

vulnerable to short lives if measureable sand is present in the pumped fluid. 

Thus, possible aquifer production was constrained by casing diameter. 
(&l 
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This under-sized casing also caused other problems. The large amount of 

dissolved carbon dioxide in the fluid could be controlled by reinjecting a by- 

pass stream into the well. This also would help to control carbonate scale 

build-up on the well screen. There is inadequate clearance between the pump 

column and casing to permit any realistic size of reinjection tube. Another 

constraint occurred when the te;.m investigated the feasibility of using an. 

eductor-type, down hole sand separator to remove the sand bcfore it damaged the 

pump, and to discharge the sand at the surface so that the well did not sand-in. 

Here, again, the concept is feasible, but cannot be done in current wells 

because there is insufficient clearance between the eductor assembly and the 

well casing. Throughout the testing and use cycle, the undersized casing also 

has hampered efforts to insert down-hole instruments to measure and record sub- 

surface events. 

Concerning well screen material, two years of full-scale production usage have 

confirmed the existence of a highly corrosive environment, with hydrogen sulfide 

a major factor. There is considerable evidence that the primary production well 

(PG-1) drilled and completed in late 1979, reached its usable life in less than 

four years. The well screen is slotted carbon steel, and down-hole video 

cameras show a pattern of enlarged slots and slot corrosion which is 

contributing heavily to sand infiltration problems. 

For the new disposal well (GD-2), the well screen is a wire-around stainless 

steel screen; this is expected to be much easier to clean, and should have a much 
longer life than the carbon steel screen. Any future production well completed 

in the hot, saline, and hydrogen sulfide environment should use stainless steel 

screen. 

After the well problem became critical for PC-1, an attempt was made to see if 
the observation well could be placed into service as a production well. 

Ilowever, the original well engineer had specified a 4-inch casing (even though a 

6-inch casing would have added less than 4 percent to the well cost). Although 

numerous pump alternatives were examined, the team could find no pump that would 

fit inside the 4-inch casing. We did find numerous pumps, with a capacity for 

almost all of the required production rate, which would be usable inside a 6-  

ins idc casing . n 
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3.1.10 System Installed Capacity 
u 

As previously indicated, the installed system had redundant capability for 

operational readiness. This extra capability is also translated into extra 

installed capacity. 

conditions. The primary heat exchangers have four times the current. average 

flow capacity (100 gpm), or an installed capacity of 400 gpm. The connecting 

pipelines and dual-installed circulating pumps have four times the safe  capacity 

of current average flow needs of 100 gpm. In terms of installed load capacity, 

the system can deliver almost 16 million Btu per hour, whereas the current load 

is only 3.5 million Btu per hour. This extra capacity is a result of 

conservative engineering to guard against uncertainties. 

Each production well had twice the capacity of average load 

This load includes the two space-heating loads (30,000 square feet) plus the 

outdoor swimming pool heating which represent expansion over the original design 

concept. Thus, the constructed system is bigger and more efficient, and the 

accelerated construction meant the system was in-service far earlier than the 

required operational date. , 

Now, however, with two years of operational experience, the extra capacity 
represents built-in capability for incremental system expansion which is 

occurring. This expansion, however, is hampered by the lack of a usable primary 

well, and NMSU currently is planning a new 2,400-feet deep production well which 
will intersect a fractured linestone formation, with expected yield of up to 750 

3.2 Institutional 

3.2.1 Contruction Management 

The initial system design had a construction cost estimate which appeared to be 
unrealistically low. However, this cost estimate, prepared before the design 

process was complete, formed the basis of the appropriation request to the New 
Mexico Legislature. It was not possible to get an increase in the 
appropriation, so the next best thing was to attempt a less costly construction 

option. Accordingly, a team was formed from Physical Science Laboratory 
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engineers, supplcmcnted by expertise from the Civil Engineering Department. A 

construction crew was assembled, consisting of a blend of upper division 

engineering students and professional construction technicians. This crew was 

organized, trained and equipped, and proceeded to build the system. The system 

design was an evolving process, which proceeded from system component design, 

construction, and test on a sequential basis working through the system from 

wells to gas separators, to primary heat exchangers, hot water storage tank, 

end-use distribution system and retrofit. As tests demonstrated performance 

criteria in one segment, the results were fod back to allow appropriate 

adjustments in other segments. Because there was total control of the labor 

force, and material acquisition, the team was able to orchestrate cost and 

schedule adjustments with maximum flexibility. 

effective for this system, and more than one hundred major and minor changes 

were incorporated "on the fly." The normal construction bidding process, which 
predicates a fully completed design, would have resulted in a much more costly 

construction program, as well as onc which would have taken at least one year 

longer to complete. 

This method proved to be highly 

3.2.2 Documentation 

Because detailed engineering design drawings were not required, a concerted 

effort was made to document the construction and test results as construction 

proceeded. A comprehensive procedures manual was assembled, consisting of 11 as- 

built" isometric sketches, valve labeling and idcntif icetion, technical 

literature for all key components, and detailed written procedures. Also 

prepared was an as-built" pipeline layout, which contains field routes and 

surveyed locations for all buried pipelines. In spite of the availability of 

I I  

this type of docurnentation, operatioilill errors have occurred by personnel now 

operating the system. 

and follow the existing procedures. I n  other cases, adjustments are made 

without fully comprehending the conscqucncc. Aftcr two years of operation, 

however, an effective operating procedure has evolved, based almost exclusively 

on memorized sequences. One major failing of the cvolved documentation is the 

lack of blueprint quality, tlas-builtll schematics. No Lime or money was avail- 

able to fill this need, and the dcficicncy should be corrected before too much 

time elapses, and while key members of the. geothermal team are still available. 

In part, these errors are simply an unwillingness to read 

3 - 10 



3 . 2 . 3  Permits 

One useful side benefit of the project was the evolution of a comprehensive 

written guide for geothermal development. 

was no procedure for large scale geothermal direct iise development in New 

Mexico. The Union Geothermal/DOE Baca project was an electricity project, and 

existing New Mexico Geothermal rules had been developed for geothermal steam 

wells. Moreover, New Mexico has shared jusisdiction on geothermal water wells. 

(State Engineer for consumptive water rights, and the Geothermal Division of the 

Oil Conservation Division of Energy and Minerals Department for geothermal 

cdrelative rights.) This problem is compounded by dual jurisdiction with the 

Federal Government (Bureau of Land Planagement) where surface ownership is 

When the project was conceived, there 

private or state ownership, and subsurface mineral rights are in the federal 

domain. The Guide to Geothermal Well Drilling, written as part of the project, 

represented a "lesson learned" guide to developers and operators for permit 
application and processing, and was complete with properly completed examples of 

all forms and permits used to construct the NMSU Demonstration Project. 

3 . 2 . 4  Instrumentation System 

Although technical in nature, a discussion of this type is included within the 

institutional section because the primary problems were institutional in 

nature. An instrumentation scheme had been included in the original engineering 
design, but this scheme was discarded because the university chose instead to 

apply a module from the Energy Management System (EMS) which was being installed 

simultaneously with construction of the geothermal system. Hence geothermal 

instrumentation became a constructive add-on to the new EMS System, to be added 

after everything else was done. Flow and temperature sensors were selected by 

the EMS contractor, and the software for system control and columns was to be 
provided for by the EMS contractir. The EMS System (installed cost for 

geothermal almost $45,000) has not worked properly. Two years later, the 

geothermal system requires manual monitoring to verify conditions. When 

critical data on flow or temperature are required, it is necessary to use 
external information to acquire system intelligence. The lack of a good 

instrumentation system has resulted in confusion, uncertainty, and lack of 

operator trust in the installed system. 
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3 . 3  Economic 

3 . 3 . 1  Cost Accounting and Control System 

Because the team recognized an austere construction budget, at the onset a very 

detailed cost accounting system was installed. The system was in addition to 

the mechanized accounting system used by PSL, which is exccllent but which has a 

30- to 60-day delay for material acquisition. The mechanized system was 

overlaid with a manual purchase order system so that bi-weekly, then weekly, and 

finally daily fund status was always available. Although costly in terms of 

manpower and effort, this system enabled the team to schedule manpower costs and 

to perform cost trade-offs in real time. 

For the actual construction, which followed the engineering design concept for 
the most part, a design to cost philosophy was followed. Under t h i s  concept, 

the total installed cost was used instead of only material cost. Accordingly, 

trade-offs could consider labor costs as well as material costs, and time 

factors. Not only did this philosophy enable the team to meet construction cost 

goals, it a l s o  provided flexibility to accommodate the one hundrcd or so change 

orders that were made. Moreover, this concept allowed contingency funds to be 

freed to allow the constructed system to serve more users (space heating 

applications) as well as provide installed reserve capacity. 

3 . 3 . 2  Economic Benefits 

Although the installed system represents a success from an operational ready 

date, capacity, and cost basis, it is not as successful on the same basis 

concerning benefits. 

as to system cost savings. 

h a s  almost no metered users. Hence, when the steam service was displaced by 

geothermal energy, there is technical debate concerning the steam (hence natural 

gas) displaced by geothermal. Even from an overall perspective, consensus has 

not been attained on overall benefits. An increased non-heating system steam 

energy usage (up 24 percent), ccupled with a winter which was 22 percent colder 

than the previous winter, caused natural gas consumption to remain essentially 

unchanged from previous years. 

The major problem is one of a lack of conclusive evidence 

This problem stems from a steam-heating system which 

/ 

Thus, there is no way to absolutely prove the 
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savings, and no way to disprove them. The system economics section of this 

report (Section 33)  contains a detailed analysis of the procedures used by the 

geothermal team to calculate and estimate geothermal savings. In the absence of 

any evidence to the contrary, this report contains the author's conclusions that 

the geothermal system is cost effective, and has saved considerable money for 

New Mexico State University and the State of New Mexico. This saving is over arid 

above the extraordinarily high operating costs that have resulted from premature 

production pump and well failures. 
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4. PROJECT DESCRJPTTOS u 
Construction of the Geothermal Demonstration System was performed under COOP- 

erative agreement DE-FC07-80ID-12137. The initiation date was 1 July 1981 and 

the required completion date was 30 June 1982. Construction was started on time 

and completed five months ahead of schedule and within the budget. The 

following Table 4-1 reviews the pre-construction and construction highlights of 

the Geothermal Demonstration Project. Operational status (test mode) was 

reached by 15 February 1982 and by 29 !larch 1982 the complete system was fully 

operational. The budgeted and actual costs are compared in Table 3i-1 for major 

system elements. 

Table 4-1 
PRE -CONSTRUCTION IIIGIILIGIITS 

1949 Clary drills wildcat oil well and leaves unsupported reports of 

steam and hot water, but no oil or gas. 

1956 Emmett Nations drills a well for water--it comes up rusty and warm 

(95'F). 

1959 . Tellyer drills a well--it is salty and warm (85OF) .  

1961 NNSU drills a well for the Golf Course--it is not unusually warm 
but is salty. 

1976 Electrical resistivity work is performed by Stone and Jiracek-- 

outlining a large area of potentially warm water. 

June Elorgan and Swanberg drill six 100-feet deep gradient wells. Find 

1978 temperature gradients up to ten times higher than normal. 

Dec-Jan Two 1.000 feet gradient wells are drilled-geophysical logs confirm 

1978-79 water, and temperature logs show 60°C (140'F) potential. 
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Table 4-1 (Cont'd) 
PRE -CONSTRUCT1 ON I 1  I GIILIGllTS 

Oct First production well (PG-1) is drilled, and flow tested at 142OF 

1979 and 200 gpm. 

1980 Shallower well (PG-2) is drillcd for University Ccnter--120°F 

Elarch Legislature approves $829,000 for construction of project. 

1981 

Table 4-2 
CONSTRUCTION I[ I ClILI GlITS 

WELLFIELD EXPANSION 

o PG-3 completed January, 1381 

o Observation Well completed Novcmber, 1980 

o Pumps installed July, 1381, and February, 1982 

DISPOSAL 

o Disposal Pipeline installed October, 1381 

o Old Golf Course Well renovated as disposal well, December, 1981 

o New Disposal Well completed October, 1982 

SYSTEM FACILITIES 

o Pump Houses completed June, 1980, and Elarch, 1981 

o Transmission Power Line completed June, 1981 

o Buried Pipelines completed August, 1981 

o Gas Separator completed September, 1981 

o Heat Exclianger Building complcted October, 1981 

o Hot Water Storage Tank complctcd January, 1982 

o Four complexes retrofitted Jilniiary , 1982 
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Table 4-2 (Cont'd) 

P I E  -COGSTRUCTION IIIGI~LIGIITS 

o Partial Systcm Use January, 1382 (six months ahead of schcdulo) 

o Tunnel Pipeline completed February, 1382 

o Retrofit completed March, 1982 

o Swimming Pools on-line Narcti, 1382 

o System Tests 

Gas Separator (September, 1981 j  

Heat Exchanger (November, 1981) 

Disposal Well (December, 1981) 

Hot Water Storage Tank (January, 1382) 

Full System (January - Plarch, 1382)  

o Instrumentation (April, 1382) 

o Dedication (April, 1982) 

4 . 1  Task Breakdown 

The project was divided into three main groups; the production well field, the 
disposal system, and the system facilities. 

However, before actual construction of the project was started, several design 

problems were confronted. The following outline was constructed as a guide to 
the design scheduling and construction of the project. 

Table 4-3 

CONCEPTUAL TASK LIST 
NEfSU CAElPUS CEOTlIEREfAL PROJECT 

Basic Tasks 

I. Existing Production Well 

Develop pump criteria 

Depth, Type, Size for Aquifer evaluation 
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Table 4 - 3  (Cont'd) 

CONCEPTUAL TASK LIST 
NNSU CAMPUS GEOTIiERElAL PROJECT 

Select pump .(contract specifications) 

Electricity supply 

Procure pump 

Install pump (procurement specifications) 

a .  Pump mounting system 

b .  Pump house 

Conduct 10-day test; retest as necessary 

a. Revetment (Impoundment) vs .  natural discharge 

b. Water sampling 

Reevaluate aquifer and water quality 

11. Geothermal Water System 

Identify conceptual supply alternatives 

Select transmission piping route and perform cost/benefit analysis on 

alternate materials 

a. Pipeline route 

b. Storage tank location 

b .  Pumping requirements 
Evaluate requirements 

Design storage t;;;:ks (In conjunction with number and flow rate of wells 

- and hot water demand) 

a.  Size 

b .  Insulation type, thickness, cost 

c. Heat losses 

Dosign/select heat exchanger 

a. Efficiency 

b .  Heat exchanger method 

c. Cost (Installation and maintenance) 

Design reinjection well 

a.  Pumping requirements 

b. Depth 
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Table 4 - 3  (Cont'd) 

CONCEPTUAL TASK LIST 

NPlSU CAMPUS GEOTHERMAL PROJECT 

c. Site 

d. Cost 

Procurement Specifications 

a. Pipeline material 

b. Heat exchanger 

c. Storage Tank 

d. Pumps 

e. Instrumcnts/recorders 

Contracts 

a. Pipeline installation 

b. Storage tank construction 

c. Heat exchanger construction 

d .  Reinjection well drilling/casing/screening/testing 

e. Pump installation 

f. Install instrumentation/recorders 

111. Hot Water System 

Evaluate hot water capabilities 

a.  Prepare master data worksheet 

b. Establish hot water usage data 

c. Determine units to be serviced 

d. Instrumentation/recording required 

Develop conceptual supply methods 

Select pipeline route 

a. Pipeline route 

b. Evaluate utility tunnel vs. direct buried 

c. Evaluate pipe/insulation combinations/options 

d. Ins t rumenta t ion /moni tor ing  locations 

e. Determine if storage needed at user locations (heat losses?) 

Design pipe1 ine 

a. Heat, head losses 

b.  Pumping requirements? 



IV. 

Tablc 4 - 3  (Cont'd) 

CONCEPTGAL TASK LIST 
NNSU CAMPUS GEOTIIERHAL PROJECT 

c. Storage requirements? 

d. Costlmaterial trade offs 

Design storage facilities if necdcd 

Design instrumentation/monitoring installations 

Procurement specifications 

a.  Pipe 

b. Storage units 

c. Pumps (if required) 

d. Instrumentat ion/recorders  

Contract specifications 
a. Pipeline installations 

b .  Storage installation (if required) 

c. Pumps (if required) 

d. Instrumentation installation 

Evaluation of Geothermal Potential 

Gcothcrmal Well 

J. Need More than one well at current temperature? 

b. Deeper - hotter (do we attempt ticcp csploratory drilling to 

see if water is warmer at depth? How dccp?) 

c. Closer to energy end point use'? 

1. Same temperature? 

2 .  Higher temperature? 

Geothermal Water 

a.  Heat capability 

1. Fully used (extract all water tcmpcrature differences) 

2 .  Under-used (do not take advantage of a11 available wells) 

3 .  Insufficicnt heat available (rcducc uscr connections) 

b. Heat demand 

1. Equals availability 

2 .  Surplus available 

3 .  Exceeds available supply 

n 

Q 
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G.2 Organization and Participants 

Construction was primarily done by K X X - P S L  labor team; some contract work 

was, of necessity, requi red  for various reasons. See Figure 4 - 3  f o r  the 

organization of project personnel. 

4 . 3  Cost Breakdown 

Table 4-4 

TOTAL COST OF NNSU CANPUS GEOTHER~IAL ?ROJECT 
AND FUND SOCiiCE 

CATEGORY 

Basic Research 

Development 

Demonstration and 
App 1 icat ion 

Disposal Well 

DOE - NHSU - NEW HEXICO 

$ 30,000 $ 70,000 

$ 54,000 $126 , 000 

S 954,000" 

$ 70,000;? 

$ 3 3 6 , 0 0 0 "  

New Deep Production Well $ 90,000 (to be determined) 

Sys tcm Expans i o n  
(Breland 6 O'Donnell) $122,000 ~ 1 2 0 , 0 0 0  

$1,198,000;2 $122,000 $652,000 

F o r  further detail see Section 33.1 

+XOTE : T h i s  report conccrns the New Nexico appropriation - of $ 8 2 9 , 0 0 0  

TOTAL 

$ 100,000 

$ 180,000 

S 1,230, OOW: 

$ 70 ,OOO-;: 

$ 30,000 

$ 242,c)OO 

$1,972,000 

f o r  system 

construction, plus the $70,000 for the new disposal well, together with the 

S 3 3 6 . 0 0 0  from DOE. (Report is then focused on the results from expenditures of 

$1,235,000,  or  63 percent of total estimated capital expenditures on this 

project from 1976 t h r o u g h  1384.) 
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5 . 0  RESOURCE ASSESSMENT - 

5 . 1  P r e - P r o j e c t  Assessment 

The New Mexico S t a t e  U n i v e r s i t y  campus is  l o c a t e d  at1jncc:iit t o  IAas Cruc.es on the 

s o u t h - e a s t  s i d e  of  t h e  c i t y ,  and immediately west of  Tortllgas Ploiintain i n  

c e n t r a l  Dona Ana County,  N e w  Mexico ( s e e  F i g u r e  5 - 1 ) .  Tlic geothermal  ariomaly 

used as s o u r c e  f o r  t h e  NMSU geothermal  system i s  p a r t  of t h e  s o u t h e r n  liio Grande 

r i f t  system a t  t h e  e a s t e r n  margin of t h e  "Basin and Range" p r o v i n c e .  

As d e s c r i b e d  by Seager  ( 1 9 7 5 ) ,  t h r e e  major s t a g e s  a r c  recognized  i n  t h e  Cenezoic  

t e c t o n i c  e v o l u t i o n  of  t h e  a r e a :  

(1) Laramide u p l i f t :  The deep ly  e roded  s t r u c t u a l l y  higl lcs t  f o l d s  o f  t h i s  

u p l i f t  approximate ly  u n d e r l i e  t h e  p r e s e n t  c o u r s e  o f  t h e  Rio Grande. 

( 2 )  Eocene-Oligocene a n d e s i t e  and r h y o l i t e  volcanism: '!'II(!s(? s i 1 i c i . c  v o l c a n i c  

sequences o v e r l i e  t h e  eroded larnmide u p l i f t s  and bas i n s .  Ininir?diately c a s t  o f  

t h e  anomaly area is T o r t u g a s  Mountain, an u p l i f t e d  b l o c k  of P a l e o z o i c  limestolie 

which is t h o u g h t  t o  be a remnant p a r t  of t h e  rim of t h e  Organ Caldera  (Scagcr  and 

Brown, 1 9 7 8 ) .  The c a l d e r a  is  d e s c r i b e d  a s  a " t rap-door"  t y p e ;  16 t o  13 kms i n  

d i ame te r  and hinged a l o n g  i t s  n o r t h e r n  margin e x t e n d i n g  e a s t  t o  t h e  Organ 

Mountains.  Two s h e e t s  of  a s h  f low t u f f  ( u p  t o  6 O O m .  t l i i c k )  , t h e  Cucvc. t u f f  and 

t h e  Cox Ranch t u f f ,  (Dunham, 1935; Seager, 1978) ,  l iavc spread beyond the caldera 

boundar i e s  and are cons ide red  t o  be r e p r e s e n t a t i v e  of t h e  c r i i p t ion  p r i o r  t o  t h e  

major cau ld ron  s u b s i d e n c e .  One of  t h e  s h e c t s  of  t h e  Cucva t u f f  h a s  been K - A r  

d a t e d  a t  32 my. Another 2150111. (7000 f t . )  o f  a s h  f l o w  t u f f  l a t e r  e r u p t e d  (which 

was t h e  c a u s e  of  tlle c a u l d r o n  s u b s i d e n c e )  and was c o n t a i n e d  by t h e  w a l l s  of  t h e  

c a  l d c r a .  Because no major  unconformi t ies have been recognized throughout  tlie 

sequence ,  t h e  d a t e  of  32 my. (mid-Oligocene) is thought  t o  be r e p r c s c i ~ t a t i v e  of  

t h e  whole s t r u c t u r e .  Fur thermore ,  t h e  organ  b a t h o l i t h  w h i c h  appears  t o  have 

i n t r u d e d  t h e  c a l d e r a  on i t s  e a s t e r n  margin i s  a l s o  d a t e d  a t  32 my. and has  been 

i n t e r p r e t e d  t o  be p robab ly  t h e  magma chamber from which t h e  c a l d e r a  v o l c a n i c s  

were e r u p t e d .  I t  has been u p l i f t e d  by b lock  f a u l t i n g  o n  t h e  ri.m of  t h e  c a l d e r a  

d u r i n g  t h e  Rio Grande r i f t  movements. 
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( 3 )  Late T e r t i a r y  b l o c k  f a u l t i n g :  26 my. marked t h e  t r a n s i t i o n  t o  a c t i v e  

r i f t i n g  shown by a h a l t i n g  of  t h e  s i l i c i c  volcanism.  A f t e r  a p e r i o d  o f  

q u i e s c e n c e ,  a l k a l i  o l i v i n e  b a s a l t s  appeared around 13 my. Ramberg and Smithson 

(1975) s u g g e s t  t h a t  b i d i r e c t i o n a l  f a u l t  p a t t e r n s  may be i n h e r i t e d  from p r e -  

e x i s t i n g  s t r u c t u r a l  g r a i n s .  T h i s  r i f t i n g  h a s  c r e a t e d  l o c a l  b a s i n s  s c p a r a t e d  by 

ranges  which have now been p a r t l y  b u r i e d  i n  t h e i r  own d e b r i s .  Tlie Organ 

Mountains are r e p r e s e n t a t i v e  o f  t h e  l a t e  T e r t i a r y  f a u l t  b lock  t h a t  e x t e n d s  

no r th - sou th  f o r  over 160 km. U p l i f t  h a s  been p r i n c i p a l l y  a l o n g  t h e  boundary 

f a u l t  on t h e  e a s t e r n  s i d e  o f  t h e  b l o c k .  G r a v i t y  and t o p o g r a p h i c a l  d a t a  i n d i c a t e  

a t o t a l  throw of  more t h a n  3000111. Piedmont s c a r p s  i n d i c a t e  movement h a s  

con t inued  i n t o  t h e  l a t e  Quaternary .  

The area o f  t h e  geothermal  anomaly is c h a r a c t e r i z e d  by v a l l e y  f i l l  d e p o s i t s  

which i n c r e a s e  i n  d e p t h  away from T o r t u g a s  Mountain (King and IIawley, 1975) .  

There is  n o  sur face  m a n i f e s t a t i o n  of the anomaly. The only i n d i c a t i o n  of 

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

d e p o s i t s  o f  warm water i n  t h e  t empera tu re  ranges  o f  95 to  110'F. 

The Las Cruces area is  a zone of u n u s u a l l y  h i g h  h e a t  f low as  ccmpared t o  a d j a c e n t  

"Basin and Range" and "High P l a i n s "  a r c a s  (Cook e t  a l .  1979; Reiter e t  a l .  

1979) .  A prominent  n o r t h  t o  no r thwes t  t r c n d  o f  h i g h  geochemical  t empera tu res  

p a s s e s  th rough  t h e  Las A l t u r a s  a r e a  (Swanberg, 1979) and f o l l o w s  t h e  g e n e r a l  

t r e n d  o f  a major  n o r t h w e s t ,  s o u t h e a s t  t r e n d i n g  f a u l t  b e l i e v e d  t o  be l o c a t e d  i n  

t h e  w e s t e r n  b a s e  o f  t h e  Tor tugas  Peak J a c k s o n .  S i l i c a  and t h e  Na-K-Ca 

geothermometers  i n d i c a t e  t empera tu res  around 15OoC, (Swanberg, 1975) .  

P r e v i o u s  s u r f a c e  e x p l o r a t i o n  work i n c l u d e s  e l e c t r i c a l  r e s i s t i v i t y  ( d i p o l e -  

d i p o l e )  s u r v e y  (Smi th ,  1976) and ( J i r a c c k ,  1978) ,  and subsequent  t w o -  

d imens iona l  mode l l ing  ( J i r a c c k  and G e r e t y ,  1978) .  T h i s  work produced e v i d e n c e  

o f  a l o w  r e s i s t i v i t y  l a y e r  i n t e r p r e t e d  t o  b e  t h e  geothermal  r e s e r v o i r ,  and a l s o  

i n d i c a t i o n s  of t h e  p r e s e n c e  o f  a h i g h  r e s i s t i v i t y  b a r r i e r  t o  t h e  e a s t ,  p o s s i b l y  

a f a u l t  s t r i k i n g  n o r t h  t o  n o r t h e a s t .  The a u t h o r s  cons ide red  t h a t  t h i s  f a u l t  may 

b e  a pr imary  s t r u c t u r a l  c o n t r o l  gove rn ing  t h e  r i s i n g  h o t  w a t e r ,  see F i g u r e  5 - 2 .  

n 
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EXPLAiiATION ml Valley-fill alluvium, late Quaternary; clay to gravel, less than 

l s i  Olivine basalt flows and volcanic cones; Quaternary, generally post 
date the Santa Fe Group. 

Basin-fill surface. IF] (generally less than 25 ft thick) of younger alluvial, eolian and 
minor lacustrine deposits. 
Santa Fe Group Basin fill; Miocene to middle Pleistocene; clay to 
gravel; locally as much as 4,000 ft thick. 
(generally less than 100 ft thick) of younger valley s lope  deposits. 

tiated: early and middle Tertiary. 

Sedimentary rocks, undifferentiated; Paleozoic, Cretaceous and early 
Tertiary. 

80 ft thick. 

Santa Fe Group, with discontinuous overlay 

Also discontinuous overlay 

71 Volcanic rocks, and associated clastic sedimentary rocks, undif f eren- 'Cy?, 

1-1 Intrusive rocks, undif ferentfated, and associated metamovhics ; ,$II Precambrian and Tertiary. 

/ Faults involving significant displacements of basin fill. 
Figure 5-1 . Geologic map of Las Cruces area. 

(From King and Hawley, 1975) 
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5.2 Pre-Drilling Assessment 

I 

Based on the assembled evidence, a decision was made in 1978 to drill six 
shallow geothermal gradient wells to map the heat flow for that part of the NElSU 

Campus located to the east of Interstate Hjghway 25. These wells (approximately 

300 feet deep) gave evidence of very high temperature gradients, of a magnitude 
of LOO°C/km of depth. (Swanberg and Morgan, 1979). 

The enormously high heat flow formed the basis for a follow-on cxploratory 

drilling program. 

In November, 1978, the decision was made to drill two exploratory wells, 1000 to 

1500 ft. deep, to gather information regarding the subsurface conditions - -  
stratigraphy, temperature gradients and hydrology. Location of the two wells 

was determined on the basis of previous work completed, primarily electric 
resistivity and the shallow tcmperature gradient survey. T h e  wells were drilled 

about 0 . 6  mile and 1 mile east respectively from the h?lSU solar houses south of 

NPlSU golf course along the dirt road going towards Tortugas Plountain. Location 

of the two wells is shown in Figure 5-2. 

The two wells, numbered NHSU-DT-1 and NMSU-DT-2 (New Plesico State University - 
Deep Geothermal.Wells 1 and 2 )  were drilled during December 27, 1978 to January 

3 ,  1973, by Johnson Drilling Company of Lns Cruces, using n rotary drilling rig. 

Well DT-1 is located at 52 feet higher ground elevation compared to well DT-2 
(4163 Tt. and 4111 ft. above P1.S.L. respectively). The bottom hole temperature 
in DT-1 was approximately 63OC, and in DT-2 the temperature was 52OC. (Swanberg 

and Morgan, 1373) .  Formation and electrical logs of both wells gave evidence 

that a production well should be able to produce 100 to 200 gpm of geothermal 

water. (Chaturvedi, 1979). 

In 1379, Dicey performed a series of surface  gcophysical investigations under 

the supervision of Florgan. The work incliided gravity, magnetic, seismic 

refraction and seismic reflection profiling in an attempt to delineate structure 

related to the geothermal anomaly. (Dicey and Norgari, 1973). 
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5 . 3  Dril l  S i t e  S e i e c t i o n s :  

Based on t h e  f a v o r a b l e  showing from IX-1 exploratory w e l l ,  t h e  f i r s t  p roduc t ion  

well PG-1 was d r i l l e d  w i t h i n  20 fc!c:L of  DT-1. Ra t io i i a l c  f o r  t h i s  l o c a t i o n  was 

t h a t  a proved r e s o u r c c  exisLetl ,  thnL t h c  resource was f a u l t  dominated,  arid 

moving t o  a l o c n t i o n  s i g r i i f  icnnLly rcmovcd Erom DT-1 would cause  unnccept . ible  

r i s k .  Such a c lose  p r o x i m i t y ,  however, r e s u l t e d  i n  a s i t u a t i o n  i n  which t h e  DT- 
1 well  could  riot be used a s  a monitor i i ig  w e l l .  T h i s  i n  t u r n  f o r c e d  t h e  d r i l l i n g  

of a new o b s e r v a t i o n  w e l l ,  OW-1, wliich was d r i l l e d  280  f c e t  away i n  1981 .  

S i m i l a r l y ,  PG-2 was s i t e d  n e a r  DT-2, c l o s e r  t o  t h e  p o i n t  o f  i n t e n d e d  u s e  o f  t h e  

confirmed geothermal  w a t e r  t o  h e a t  t h e  U n i v e r s i t y  Center  ( P r e s i d e n t ' s  House). 

Both of t h e  above two wells were d r i l l e d  and completed p r i o r  t o  t h e  NNSU-DOE 
Coopera t ive  Agreement  concern ing  t-he c o n s t r u c t i o n  of t h e  e n d - u s e  system.  A f t e r  

t h e  agreement was s i g n e d ,  t h r e e  a d d i t i o t i n l  wells were d r i l l e d  under  t h e  terms of 

t h e  agreement .  A n  o b s e r v a t i o n  w c l l  was d r i l l c d ,  w i t h  i t s  l o c a t i o n  p icked  t o  be 

w i t h i n  280 f e e t  o f  P G - 1 ,  so  a s  t o  pcrfol-ni n more metliodical r e s e r v o i r  hydrology 

assessment .  Based on t-he r e s u l t s  from L l i n t  nssessmciit , t e c h n i c a l  i n f o r m a t i o n  

i n d i c a t e d  t h a t  tlie l o c a t i o n  for the IICW p roduct ion  w e l l  should  b e  more t h a n  

1 , 0 0 0  f e e t  from PG-1 so  a s  t o  minimizc pumping i n t e r f e r e n c e  between t h e  we-11s. 

Accord ingly ,  PG-3 was s i t e d  and complctcd.  

The t h i r d  w e l l  d r i l l e d  under t h e  agreement was a new d i s p o s a l  w e l l .  T h i s  

l o c a t i o n  was d i c t a t e d  by r e s e r v o i r  c o n d i t i o n s  as  w e l l  a s  e n g i n e e r i n g  c o n s i d e r -  

a t i o n s .  Fundins  f o r  t h i s  ncw dispos; l l  w e l l  was provided by t h e  N e w  Hcxico 

llncrgy and Mincra ls  Departmetit.  

5 . 3 . 1  S i t c  Locat ions  

(Scc: F i g u r e  5 - 2 )  

5 . 3 . 2  S e l e c t i o n  C r i t e r i a  

A l l  w c l l s  were s i t e d  on land owticd by N N S U .  I n  atitiiLion t o  t h e  obvious nccd t o  

Q reduce long term costs by a v o i d i n g  royalty payments,  the l o c a t i o n s  were 
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governed by gcothcrmal aquifer hydrology factors as well as  engineering con- 

siderations in terms of distance and cost to connect users with the production 

well field. 

From best available geological and geophysical information several ycars ago, 

the best primary locations were believed to be one to two miles closer to 

Tortugas Peak, one mile east of NMSU boundary line. llowcver, the land is ULPI 

administered, and is placed in a spccial category. The land (some 12,000 acres 

which includes Tortugas Peak) was withdrawn from public use and placed in a 

"withhold" status with sole usage consisting of telescopes, radar antenna, arid 

other structures built to serve NASA and other national defense needs. Advice 

from the BLM was to the effect that drilling could not be authorized on the 

withheld land without first cancclliilg tlic withheld status. This would have 

resulted in open bidding for the land, and loss of control over the sensitive 

scientific installations. Accordingly, well locations were constrained solely 

to NEISU land. This constraint, however, did riot cause any sacrifice of 

potential geothermal resources, because thc most useful indicators (heatflow 

and temperature gradients) indicated NNSU land was the best available: location. 

5 . 4  Post Drilling Assessment 

5.4.1 Concerning PG-1, two years of production experience has clearly shown 

that a geothermal well completed with a screen section in the water-bearing fine 
sand F t r a t a  can cause severe operational problems, which arc covered in more 

detail in 5 . 4 . 2 .  As to PG-3, the drilling record and subsequent methodical 
research, indicates the well in its most productive zone (771) to 780 feet of 

depth), probably intersected a fault gouge of a relatively recent fault which 

occurred after the Santa Rosa alluvial sequence was deposited. This well was 

completed as  an open hole, gravel packed. llowever, after the premature failure 

of the first well pump in that well, the system operator chose to fill the open 

hole with a cc.mcnt plug "to stop sand formation". 

The cement filled in the looser aggregate locnted at the fault zone, and pro-  

duction was severely curtailed. 
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5.4.3 The new disposal well, GD-2, has performed as projected based on the 

drilling record. If funding were not a constraint, it appears that a higher 

capacity disposal well would have to be drilled much deeper than 1,000 feet. 

5.5 Operational Assessment 

5.5.1 PG-1 Assessment 

This well was drilled and completed in late 1979, and apparently was developed 

initially by bailing for' 24 hours. The engineers on this well had estimated 

from the suite of electrical logs that the well would produce economically 100 

to 200 gpm. (Chaturvedi, 1979) A chronological well history is contained in 

thc. following sub-paragraphs. 

In February 1980, a 24-hour pump test was conducted on that well. The pump 

intake was set slightly below 510 feet, but the pump cavitated when 200 gpm flow 
rate was attempted. The pump was able to operate on Llie ragged edge of 

cavitation at a rate from 189 to 200 gpm. No draw-down measurements are 

available, but the cavitation suggests the draw-down level was at least 190 feet 

below the static water level at 322 feet. T h i s  is a specific yield of roughly 

1.0 gpm per foot of draw-down. (This is also close to the specific yield of PG- 

3 ,  which indicates an approximate aquifer potential for the wells completed in 

the tight alluvial formations). 

Later in February 1980, a seismic experiment was conducted by detonating 

explosives in the DT-1 well, which was located about 15 feet from PG-1. OT-1 was 

destroyed by dynamite. From the written report of this experiment, at least 

four separate charges were detonated. 

the project geothermal team until November 1380). 

(This seismic experiment was not known by 

In June 1980 ii permanent pump was set in PG-1, and a controlled 10-day pumping 

test was conducted. A marked change in specific yield was noted. Draw-down 

stabilized at 474 feet (or a draw-down of 152 feet for a 200 gpm flow rate). 

This is a specific yield of 1.3 gpm per foot of draw-down, or 30% larger than the 

February test. With the advantage of hind site, it would seem evident that the 

dynamite charges possibly loosened the gravel pack, and also possibly fractured 

the screen, which is the damage detected by video camera in April 1982. 
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During t h e  p e r i o d  J u l y  - November 1380, a series of flow tests were conducted on 
i 

P G - 1 .  

Draw-down and s p e c i f i c  y i e l d  parameters  remained unchanged from t h e  J u l y  1980 

v a l u e s .  

Tn a g g r e g a t e ,  a t o t a l  o f  perhaps 500 hours  o f  well pumping was conducted.  

When t h e  dynamite experiment  was d i s c o v e r e d ,  t h e  ,)reject geothermal  team 

a t tempted  t o  de te rmine  t h e  p o s s i b i l i t y  of  damage t o  PG-1.  From t h e  w r i t t e n  

r e p o r t  f i l e d  by t h e  seismic r e s e a r c h e r s  t o  t h e  N e w  Mexico O i l  Conserva t ion  

D i v i s i o n  (OCD), t h e  d e e p e s t  charge  was d e t o n a t e d  a t  o r  n e a r  550 f e e t .  By 

p r e s s u r i n g  t h e  well t o  125 p s i ,  t h e  water  l eve l  was depressed  t o  610 f e e t .  

no loss o f  a i r  p r e s s u r e  was d e t e c t e d ,  t h e  assumption appeared v a l i d  t h a t  t h e  

c a s i n g  was i n t a c t  t o  a t  least  t h a t  d e p t h .  One worrisome f a c t o r ,  however, was 
t h a t  t h e  damaged UT-I. well c a s i n g ,  exposed 15 feet  away, had o b s e r v a b l e  movement 

when a i r  p r e s s u r e  was i n c r e a s e d  or decreased .  

S i n c e  

I n  June  1981 a f t e r  t h e  permanent pump was i n s t a l l e d  i n  PG-3 ,  a combined flow 

t e s t  was conducted on t h e  t w o  wells. PG-3 was pumped a t  275 gpm, and PG-1 was 

pumped a t  280 gpm w i t h  ra tes  up t o  320 gpm. T h i s  t e s t  was des igned  t o  stress t h e  

a q u i f e r  as much as p r a c t i c a l  t o  assess t h e  e f f e c t s  of t h e  i n t e r f e r e n c e  between 

t h e  wells. During t h e  t e s t ,  PG-1 suddenly s t a r t e d  producing large amounts of  

mud and s a n d ,  which p e r s i s t e d  f o r  45 minutes .  The 50-lip P e e r l e s s  pump 

subsequen t ly  f a i l e d ,  and t h e  t e s t  was t e r m i n a t e d .  

I n  August 1981, t h e  100-hp TRW-REDA pump w a s  r e l o c a t e d  f rom PG-3 t o  PG-1. A 

ser ies  of  c o n t r o l l e d  flow tes ts  were made., w i t h  t h e  f l o w  g r a d u a l l y  i n c r e a s e d  

from 150 t o  320 gpm. Only s m a l l  amounts o f  sand  were produced a t  any t i m e .  

From September 1982 through May 1982, t h e  TRW-REDA pump i n  PG-lwas  o p e r a t e d  fo r  

rouglily 2 ,500 hours .  The pump f a i l e d  i n  May 1982, and i n  t h e  l a t e  s t a g e s ,  sand  

product ion  showed an i n c r e a s i n g  t r e n d .  

A f t e r  t h e  b r e a k  i n  t h e  s c r e e n  s e c t i o n  was d e t e c t e d ,  r c p a i r s  were made by 

cementing t h e  lowest 50 f e e t  o f  t h e  s c r e e n  s e c t i o n .  A new test  pump was 

a c q u i r e d ,  and a c o n t r o l l e d  flow t e s t  was conducted.  I n  s p i t e  of a o n e - t h i r d  

d e c r e a s e  i n  s c r e e n  s e c t i o n ,  no o b s e r v a b l e  changes were noted  i n  s p e c i f i c  y i e l d  

or  draw-down. I n  r e t r o s p e c t ,  t h i s  was n o t  a good s i g n  because  it sugges ted  t h e  

bulk  o f  t h e  p roduc t ion  was from t h e  a p p a r e n t l y  undamaged s c r e e n  s e c t i o n .  
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This could be true only if the gravel pack was deteriorated so that higher than 

desired screen intake velocities wcrc being used. If the screen inlet velocity 

exceeds 0.1 f p s ,  channeling can occur i n  the formation and the gravel pack. 

This test pumping produced excessive amounts of sand, so the pump was removed 

and the well was air-jetted fo r  5 days. This air-jetting removed large amounts 

of sand. 

A new 60-lip REIlA pump was reinstalled in September 1982. 

flaw and failed after 60 hours of operation. During the short period of 

operation, thu well did not produce signi ficant amounts of sand. 

This pump had a casting 

A new Johnston vertical shaft turbine pump was installed in November, 1982, and 

operated succcssfully for 3,500 hours. In late March, 1983, a noticeable 
increase in sand production was noted. Controlled testing indicated that the 
well was producing excessive sand at a flow rate of 220 gpm, the desired 

production rate, but that the sand formation was greatly reduced if production 

rate was held below 150 gpm. Because production had declined, the pump was 

removed and inspected. Loss of production was attributed to hydrogen sulfide 

attack on the column pipe which resulted in complete penetration of the column 

pipe at the three lowest joints, and serious erosion of the threaded portion of 

80 percent of the column pipe. The pump had suffered damage from sand, which 

eroded the throttle bushing and allowed geothermal water to enter the oil 

tubing. 

The well was again air-jetted for five days, and excessive amounts of sand were 

removed. The air-jetting produced some gravel believed to be representative of 
the original gravel pack. Accordingly, a new TV log was acquired. This log 

showed major plugging of tlic well scrccn (an estimated 65-75 percent of the 

screen was plugged with carbonate deposits) and some slot enlargement. A strong 

likelihood was noted that the gravel pack apparently no longer was intact a t  the 

740-750 foot horizon. 

The well condition resulted in a decision to attempt to solve the problem by 

deepening the well to a sand-free horizon, and a bid invitation was advertised. 

In mid-June, the bids were open and no responsive bids were received. 
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A t  t h i s  p o i n t ,  on ly  two o p t i o n s  were o p p n r r ~ n t l y  a v a i l a b l e .  f j r i l l  a n e w  we i l ,  o r  

a t t empt  t o  t r e a t  t h e  wc11 w i t t i  c1icimic:nls to  clcari the scrccii s e c t i o n  and a l s o  

a t t empt  hydrogcn s u l i i d e  abatcmcnt .  ‘I’hc:  l e a s t  c o s t l y  ctioicr was w e l l  t r e a t m e n t ,  

Coilplcd W i t 1 1  d c s i g n  changes on ttic pump ant1 piimp column t o  make t h e m  a s  sand  and 

hydrogcm s u l f i d e  r e s i s t a n t  a s  poss i t j l o .  ‘l’lic w e l l  was trcatc:d w i t t i  h y d r o c h l o r i c  

a c i d  t o  d i s s o l v e  t h e  carboi ia tn ,  i n  tltc I i 0 y . c  t h a t  t h e  i n c r e a s e  i n  s c r e e n  openings 

would r e s u l t  i n  lower s c r e e n  j n l c t  vc:locity,  and less sand  p r o d u c t i o n .  For  

hydrogen s u l f i d e  aba tement ,  t h c :  wc:11 was t r e a t e d  wi th  sodium h y p o c h l o r i t e ,  t o  

t e s t  t h e  t h e o r y  t h a t  hydrogen s u l f i d e  was caiiscd by nnncrobic  b a c t e r i a l  a c t i o n .  

See  Tab le  5-4 f o r  a r eco rd  o f  hydrogen sulfide a n a l y s i s  f o r  NEISU geothermal  

we1 1s. 

A fol low-on c o n t r o l l e d  flow tc:st w i t s  contfitctcd i n  Dcccmber, 1983,  i n  which a 

t i g h t l y  c o n t r o l l e d  24-hour s t c p  flow test was conducted t o  see  i f  t h e  sand  cou ld  

be  pumped o u t ,  and t o  de te rmine  i f  t h e  chemical  t r ea tmen t  was e f f e c t i v e .  

That  t e s t  i n d i c a t e d  t h e  wel l  would l i k e l y  procliicc an c x c c s s i v e  amount of sand .  

5 . 5 . 1 . 1  Chemical Analys is  of Water Sarnl)lc.s 

The data f o r  pi1 arid c o n d u c t i v i t y  inoasiiri?metits shown i n  Tab le  5 - 3  i n d i c a t c  t h a t  

much o f  t h e  chemical  r e s i d u e s  r e s u l t e d  f r o m  t h e  a c i d  t r e a t m e n t  of PG-1 i n  

August ,  1383, were s t i l l  i n  the  a q u i f c r  s i ipplying water  t o  PG-1  a t  tlic beg inn ing  

o f  t h e  f low t c s t .  Howcvcr, tlicsc clietnical r e s i d u e s  dec reased  as  pumping 

p r o g r e s s e d ,  and on ly  n e g l i g i b l e  traces of tlic chemical r c s i d u c s  w e r e  found at 

t h e  end o f  t h e  f low t e s t .  

I i i i t i a l l y ,  pH of t h e  sol i t t ion was 6 . 5 .  The plI con t  inucd t o  d e c r e a s e  d u r i n g  

piimping i i n t i l  i t  rcachcd  a minimiiin o f  6 . 0  a r t c r  four lioiirs of piimping. Then, t h e  

pll of tlic s o l i i t j o n  inc rcnscd  grntliial l y  to a masimiim of 6 . 8  a f t e r  12 hours  of 

piitiipin;;; t h e r e a f t e r ,  tlic 1’11 grarfiiit 1 l y  ti(!crc.ased t o  6 .  5 a t  t h o  ctid of t h e  f l o w  

t e s t .  Oondtrct ivi ty  of t l i c :  s o l t i t i o i i ,  l ioic(~v(!r,  s t a r t e d  o u t  a s  low a s  2840 pmhos 

ill: t h e  bcginni i tg .  I t  r a p i d l y  iric:ri:i~sc!d t o  the n i a s i m i i m  of 7 ,200  piiihos a f t e r  4 

hour s  o f  pumping; tharc ; i fLor ,  tlic c o n d u c t i v i t y  g r a d u a l l y  t fccrcascd  t o  a s t a b l e  

level of 3 ,170  pnihos a t  tlic ciicl of t . l i c  flow t v s t .  

A t o t a l  o f  10 wa te r  samplcs  were taken  d u r i n g  t h e  f l o w  t c s t  a t  a r a t e  of one 

s;lmplc eve ry  t w o  hour s .  On t l i c  b a s  i s  of tlic co i id t ic t iv i ty  mcdsurcments d a t a ,  

5 - 11 



TABLE 5-3 

Sample 

PG-1 il4 
i17 
#8 

ill0 
PG-3 
PG-1 (1980) 
PG-3 (1980) 

Sample 

PG-1 il4 
7 

I8 
# l o  

PG- 3 
PG-1 (1980) 
PG-3 (1980) 

Sample 

PG-1 #4 
fl 7 
il8 

# l o  
PG- 3 

Sample 

PG-1 84 
ii 7 
i18 

# l o  
PG-3 
PG-1 (1980) 
PG-3 (1980) 

Sample 

PG-1 114 
# 7 
# 8 

# lo  
PG-1 (1980) 
PG-3 (1980) 

6.17 6.59 627.2 80.5 538.4 108.0 1714.8 0 
6.60 4.51 536.3 61.1 325l.9 60.4 1123.2 0 
6.64 4.05 504.6 55.2 267.6 49.4 963.0 0 
6.45 3.72 500.7 54.1 232.7 43.2 847.1 0 

6.30 3.11 488 54 143 18.6 584 0 
6.25 3.13 488 52 141 18.8 546 0 

134.2 645 4220 81.6 5.37 .04 3.51  
341.7 402.5 2868 13.03 2.11 c .01  2.70 
422.2 292.5 2416 9.31 1.43 .02 2.41 
458.8 308 2044 7.71 1.11 c .01  2.54 
596.7 343 1748 .15 c.05 c .01  2.28 
620 25 0 2.8  0.11 0.03 1.3 
610 240 5 .0  0.11 0.02 NA 

1788 110 <. 025 (20 5 
1062 280 < .025 (20 2 
870 346 <.  025 (20 5 
758 376 < .025 <20 10 
5 18 489 <. 025 1 5 

Turb id i ty  As Ba 

330 .001 .43 
180 .001 .26 
180 . O O l  .21 
110 .002 . 1 7  

1 .2  .07 .07 
C.004 <. 
c.004 C.04 

C.001 C.05 
<.001 C.05 
c.001 < .005 .13 
c.001 < .005 
< .  002 C.05 0.06 
<. 002 C . 0 5  0.14 

Cd C r  

.007 C.05 

.005 <.05 

.005 <.os 

.005 C.05 

.005 <.05 
<. 005 C.05 
<. 005 c.05 

Sample 

Pg-3 

Pb 

< .005 
<. 005 
< .005 
< .005 
< .005 
<. 005 
<. 005 

---mg/l--- 
Se 

00 1 

Hs 

<. 0002 
<. 0002 
c .  0002 
< .0002 
<. 0002 
<. 0002 
< .0002 

Ag 

05 

n 
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TABLE 5-4 
H2S IN SMSU GEOTHERFWL WELLS 

(Values i n  rng/liter) 

Date PG- 1 PG- 2 PG-3 

15 Mar 83 0.14 (sampling from 
Y s t r a i n e r )  
0.21 (sampling from 

Gas Sep.)  

24 Mar 83 ---- 0.21 (sampling from 
Gas Separa tor )  

14 Apr 83 - - -0  0.07 (sampling from 
w e l l  head) 

22 June 83 ---- 2.50 (before  
t r e a t i n g  the  
well with NaOC1) 

~ ~ ~ _ _ _ _ ~  ~ ~~~ 

After t r e a t i n g  t h e  ---- 
w e l l ;  2.00 (two h r s .  
a f t e r  s t a r t i n g  pump) 
0.50 (seven hours a f t e r )  

26 Aug 83 <0.30 (sample was 
b a i l e d  from the  well 
dur ing  t h e  Acid-NaOC1 
t rea tment  ) 

Sep 83 (0.10 (sample was 
taken t u r i n g  flow- 
t e s t ,  i . e .  one week 
a f t e r  t r e a t i n g  the  
wel l )  

26 Sep a3 ---- ~ 0 . 1 0  (sampling from 
we1 1 he ad ) 

7 Oct 83 ---- <0.10 (sampling from 
w e l l  head) 

---- 1 N O ~  83 0.15 (one week 
a f t e r  s t a r t i n g  pump) 

0.07 (sampling from 
well  head) 

12 Jan  84 ---- 0.24 0.16/0.15 

5 May 84 ---- 0.09 0.14 
~ ~~~~~~~~~ ~~ ~ 

NOTE: Previous H2S measurements made by Carl  Bernhardt in 1980 using a completely d i f -  
f e r e n t  sampling and a n a l y t i c a l  techniques a r e  a s  f o l l o w s :  

PG-1; H2S = 0 . 0 6  m g / l i t e r  
PG-2; H2S = 0.15 mg/ l i t e r  
PG-3; H2S = 0 . 1 4  mg/ l i t e r  
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n 
on ly  samples # 4 ,  #7, #8, and # I 0  a r c  necessa ry  f o r  t h e  complete  chemical  

a n a l y s i s .  

Tab le  5-3 .  Also t a b u l a t e d  i n  Table  5 -3  a r e ;  ( a )  chemical  a n a l y s i s  o f  w a t c r  

sample from 1%-3 o b t a i n e d  a t  t h e  cnd of tlic f l o w  t e s t ,  ( b )  chemical  a n a l y s i s  o f  

wa tc r  sample from PG-1 madc i n  1980, and ( c )  clicmical a n a l y s i s  of  wa te r  sample 

from PG-3 madc i n  1380. 

The resul ts  of t h e  chcmical a n a l y s i s  o f  t h e  samples  arc t a b u l a t e d  i n  

I n  rev iewing  t h e  d a t a  from t h e s e  chemical  a n a l y s i s ,  i t  is s e e n  t h a t  t h e r e  is a 

s l i g h t  e l e v a t i o n  i n  t h e  l c v c l s  of Na, Ca, Elg, C 1 ,  SO,,, and Fe.  IIowever, t h e  

t r e n d  o f  t h e  levels  o f  t h e  e l e v a t e d  chemical  s p e c i e s  dec reased  toward t h e  

o r i g i n a l  (1980) measured levels a s  pumping p r o g r e s s e d .  T h i s  s u g g e s t s  t h a t  even 

a f t e r  300,000 g a l l o n s  o f  pumping, t h e r e  s t i l l  were traces o f  t h e  chemica l  

r e s i d u e s  l e f t  from t h e  a c i d  Lrcatmcnt of PG-1 i n  August ,  1383. The chemica l  

a n a l y s i s  of PG-1 ( # l o )  is e s s e n t i a l l y  s i m i l a r  to t h e  o r i g i n a l  w a t e r  (1980) ,  and 

a l s o  is s imilar  t o  t h e  w a t e r  sample o b t a i n e d  from PG-3 a t  t h e  end of t h e  f l o w .  

Wi th in  l i m i t s  of a n a l y s i s  u n c e r t a i n t y ,  the end samples  a r e  r e p r e s e n t a t i v e  o f  

or i g i n a  1 wa te r  qua 1 i t y  . 

I n  l i g h t  of t h e  chemical  a n a l y s i s ,  t rcatmcri t  w i t h  NaOCl t o  a b a t e  t h e  s u s p c c t e d  

a n a e r o b i c  b a c t e r i a  i n  PG-1 probably  was not a s  c f f c c t i v e  a s  d e s i r e d .  T h i s  

t e n t a t i v e  c o n c l u s i o n  r e s u l t s  from comparing t h a  new a n a l y s i s  t o  r eco rded  levels  

o f  H2S i n  PG-1. Using sampl ing  and a n a l y t i c a l  methodology f o r  t h e  p e r i o d  15 

Plarch through December 1383 teiids to i i i d i c a t c  t h e  l lzS l e v e l  was approx ima te ly  

reduced by 50% a s  a r e s u l t  O F  the chemical  t r e a t m e n t .  Ilowever, d a t a  a c q u i r e d  by 

C a r l  Bernhard t  i n  1980, u s i n g  a v e r y  s o p h i s t i c a t c d  sampl ing  t e c h n i q u e ,  and an  

u l a b o r a t e  and t i g h t l y  c o n t r o l l c d  gas chromotograph p r o c e s s  produced measured 

v a l u e s  o n l y  one -ha l f  t h c  ciirrc-nL vnl i ics .  Bccausc of t h e  wide ly  d i f f e r e n t  

tec l in iqucs  used i n  1380 a i d  1983,  d i r c c t  comparison of the r e s u l t s  is not 

p o s s i b l e .  

I n i t i a l l y  a t  l e a s L ,  t h e  cl tc~mici~l  traaLment of I'G-2 ticcrcascd the lIzS lcvcll i n  

the well t o  less t h a n  209, o f  t l i c !  lcvcil e : i i s t i i ig  bcforci t h e  trciatment 

A d d i t i o n a l  measurements of 1%-2 v c r  i l i o d  ail appa rcn t  pcrmaiicnt r c d u c t i o n  i n  1l2S 

l c v c l s .  

H i s t o r y  of l12S corltont i n  tlic gcothcrmal  wells is  givcn in Tab le  5-4. 

n 
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5 . 5 .  1 . 2  Conc I tis ioils 

A lnrgc: volumc~ of  sand was prodiiccd d u r i n g  thc! 24-hour t e s t ,  and an in spnc t ion  

a f t e r  the puml) was removed indicntc:tl t h a t  sand had f i l  l e d - i n  some 16 t o  17  f e e t  

of tlie wc l l ,  i n  on ly  24 hoiirs of pumping. 

I f  thc 16 t o  1 7  f c o t  of f i l l  i n  tlie well r c p r e s e n t s  l o r g c r  p a r t i c l e 5  of s a n d ,  

t h i s  is an unacccp tab lc  l c v c l  of sand in -mig ra t ion .  I f  t h i s  ra te  con t inued  

(which is  n o t  l i k e l y  for r easons  exp la inad  a s  f o l l o w s )  the s c r e e n  scr-t ion would 

sniid-in t o t a l l y  i n  6 - 7  days of  piimpirlg o p e r a t i o n .  A s s n m i s i g  t h e  sand was 

o r i g i n a t i n g  uil iformly a t  eve ry  l c v c l  from 700 to  795 feet ( t h e  c u r r t m t  p e r f o -  

r a t e d  s c r e e n  s e c t i o n ) ,  t h e  cont inued passage o f  sand would s t o p  a s  t h e  s c r e e n  

s c c t i o n  f i l l c t l  w i t h  sand ,  hccausc tt ic!  rcduccd s c r c e n  i n l e t  arca would a c t  t o  

rcducc w e l l  p r o d u c t i o n .  However, the TV log acqu i rcd  a f t e r  t h e  j e t t i n g  o p e r a -  

t i o n  i n  May, 1983, showed cvidencc of a zone o f  s i l t y  f i n e  sand a t  roughly 750 

f c c t  of deptli .  Pcrhaps t h i s  zone (which was d e t e c t e d  d u r i n g  t h e  o r i g i n a l  

d r i l l i n g ) ,  is t h c  major producer  of sand ,  and p o s s i b l e  t h e  wcll would n o t  

produce a s  much sand  i f  t h e  w e l l  bore became f i l l e d  above t h a t  d e p t h .  

o c c u r r e d ,  howcwcr, t h e  s c r e e n  would then  h e  o n l y  50 feet  deep ,  and f low rates 

p o s s i b l y  would be s i g n i f i c a n t l y  reduced. 

I f  t h i s  

The p r e s e n c e  o f  t h e  f i l l  i n  t h e  w e l l ,  t o g e t h e r  w i t h  t h e  l a r g e  volume of sand 

which was i n t e r c e p t e d  by t h c  Y-S t ra ine r ,  and t h a t  q u a n t i t y  pas sed  through t o  t h e  

h o l d i n g  pond is a worrisomc s i g n .  It is important to n o t e  t h e  w e l l  was a i r -  
jetted e x t e n s i v e l y  i n  May, 1983, t o  remove sand .  Then, a f t e r  t h e  chemical 

t r e a t m e n t ,  t h e  w e l l  was b a i l e d  for a l eng thy  p e r i o d .  

normal c i r cums tances  should have a c t e d  t o  reduce o r  e l i m i n a t e  sand  i n  t h e  

immediate v i c i n i t y  o f  t h e  w e l l  b o r e .  

the largest amount o f  s and  p roduc t ion  w e r  n o t e d .  

These two procedures  under 

However, t h e  December 1983 test produced 

I n  reviewing t h e  sand  p a r t i c l e  s izes ,  i t  is  u s e f u l  t o  summarize as f o l l o w s :  The 

o r i g i n a l  w e l l  s c r c e n  had 1/16-inch s l o t s ,  which is 1.5875 mm.  The s ieve  

a n a l y s i s  showed t h a t  t h e  Y-S t ra ine r  i n t e r c e p t e d  o n l y  0.074 t o  0.84 mm s a n d .  

Hence, p a r t i c l e s  l a r g e r  t han  0 .84  mm, but smaller than  1.5875 mm could r e p r e s e n t  

t h e  m a t e r i a l  l e f t  i n  t h e  wel l .  Ilowevcr, i f  some of t h e  s lo t s  are  i n  f a c t  

en la rged  as d e t e c t e d  i n  t h e  p rev ious  TV log,  it i s  p o s s i b l e  even l a r g e r  sand 

5 - 15 



1 -  

I 

I 

I 

p a r t i c l e s  e x i s t  i n  t h e  well. 

shows t h e  fo l lowing :  

Note a l so  t h a t  t h e  l i t h o l o g y  log  of t h e  fo rma t ion  

(1) For  t h e  7 5 0 - f e e t  zone ,  30 p e r c e n t  is sand  s m a l l e r  t han  1 .0  mm. 

p e r c e n t  is  sand  i n  t h e  s i ze  range  1 . 5  t o  4 mm.  

Another  25 

(2 )  For t h e  8 0 0 - f e e t  zone ,  10 p e r c e n t  is sand s m a l l e r  t han  1 . 0  mm, and a n o t h e r  

30 p e r c e n t  is i n  t h e  s ize  range  1 . 0  t o  2 . 0  mm. 

( 3 )  Based on t h e s e  l i t h o l o g y  a n a l y s i s ,  upwards of 30 p e r c e n t  of t h e  fo rma t ion  

c o n s i s t s  o f  size ranges  which would p a s s  through t h e  w c l l  s c r e e n ,  and are 

small enough to  be  i n t e r c e p t e d  by t h e  Y - s t r a i n e r .  Another 25 t o  30 p e r c e n t  

is sma l l  cnough t o  p a s s  th rough  t h e  Y - s t r a i n e r ,  but  too l a r g e  t o  be c a r r i e d  

o u t  of t h e  w e l l .  

( 4 )  I f  e n l a r g e d  w e l l  s c r e e n  slots e x i s t ,  which is t r u e  t o  some e x t e n t ,  even 

l a r g e r  p a r t i c l e s  cou ld  e n t e r  t h e  well b o r e .  

A major conc lus ion  f o r  t h e  d e t a i l e d  a n a l y s i s  of t h e  sand c o n t e n t  of t h e  w e l l ,  Y- 
s t r a i n e r ,  and h o l d i n g  pond is t h a t  t h e  g r a v e l  pack probably  has  d e t e r i o r a t e d  t o  

t h e  p o i n t  t h a t  s and  p r o d u c t i o n  l i k e l y  w i l l  i n c r e a s e .  

5 .5 .1 .3  F i n a l  Ac t ions  

Because of t h e  l a r g e  amount of sand  now p r e s e n t ,  and t h e  f a c t  t h a t  t h i s  sand has  

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

was conducted t o  see if a down-hole sand  e d u c t o r  would work. A f t e r  c o n s i d e r a b l e  

r e s e a r c h ,  a c o n c l u s i o n  was reached  t h a t  t h e  10- inch  w c l l  d i ame te r  is t o o  s m a l l  

t o  pe rmi t  t h e  e d u c t o r  t o  o p e r a t e .  

As a fol low-on d e c i s o n ,  t h e  r e p a i r e d  Johns ton  pump w i l l  be  r e s e t  i n  t h e  w e l l  sc 

a s  t o  have a back-up w e l l  r eady  f o r  s e r v i c e .  

5 . 5 . 2  Obse rva t ion  Well OW-1 

The w e l l  was d r i l l e d  and completed i n  November, 1381. 

i n  service siiicc t h a t  d a t e .  

I t  has  remained open arr 
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5 . 5 . 3  Product ion Well PG-3 
crs 

This well was drilled and completed in early 1982. An inspection of the 

completed well showed that the well had a gradual deviation which reached an 
off-set of one diameter at 280 feet of depth. Below that depth, unknown 

deviatior- existed. However, from the deviation log which was run on the pilot 

hole before the main hole was reamed out to final diameter, the pilot hole 

deviated almost continuously from general surface to total depth (T.D.) of 941 

feet, and total deviation was 10.1 feet at T.D. It is likely that the completed 

well follows the same deviation, which is in a southwesterly azimuth. 

After the initial well pump failed at 1,000 hours, the system operators attrib- 

uted the failure to sand production. This well did not have a history of sand; 

and the factory tear-down of the failed pump found no evidence of sand erosion. 

Nevertheless, the operator decided to set a cement plug to seal the lowest 
section of open hole ( 8 3 0  to 940 feet). 

open-hole portion was open before the cementing action. 

- 

A down-hole video camera showed that the 

The new pump was installed, and a controlled pumping test was started on July 
14, 1983. The test was suspended after two hours. From test data, the well was 

only capable of an estimated sustained yield of 150 gpm at 144'F, and only 186 

gpm at maximum drawdown, at water temperature of 144OF. At maximum production 

of 195 gpm, the pump was at incipient cavitation. Flowing temperature was 2'F 
cooler than earlier production. Apparently, a significant portion of the 

original production was from the open hole. Formation logs on this well were 

examined, and this water production probably is fxom the 865-930 feet of depth. 

It was recommended that the cement plug be drilled, and a gravel pack inserted. 

Instead, the operator tried to break the cement plug by inserting 870 feet of 4- 

inch column, and attempting to force the plug loose. After this operation, the 

well was air-jetted for five days. A second down-hole video camera revealed the 

plug was still intact. Figure 5 - 5  is a graphical representation of the effects 
of this cementing. 
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In spite of thjs loss of production, PG-3 has remained a usable well. In fact, 

because of the sand and hydrogen sulfide problem in PG-1, the former back-up 
well (PG-3) has been the primary well. The down-sized replacement pump in P G - 3  

had operated more than 7,000 hours, and has heen  submersed in the well for 20 

months as of the end of April, 1984. 
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6.0 ENVIRONMENTAL ISSUES 

The environmental issues of the New Mexico State University Geothermal Energy 
Project consist of three areas, as follows: Air Pollution; Disposal; and the 
Archeological Survey. 

Concerning Air Pollution, a direct benefit of geothermal is the reduction in air 
pollution based on the displacement of natural gas. Since the Las Cruces area 

suffers from below standard air quality during the winter season, a reduction in 

air pollution is a positive benefit. 

Based on standard EPA emission factors for moderate size industrial boilers 
without emission control (Perkins, 1974) displacement of natural gas could’ 

result in reductions in air pollution as shown in the following table. 

Table 6-1 
AIR POLLUTION REDUCTIONS 

(pounds/year) 

11-building complexes 
(60,000 mcf) 

Full system (possible 
future expansion) 
(170,000 mcf) 

NO so 
2 - 2 - 

12,950 24 

36,500 68 

Particulates 

1066 

3000 

Disposal of the geothermal water has several environmental impacts. All surface 
discharges incident to well testing and repair require formal written approval 

from the State Oil Conservation Division. The same ruling was required for the 

reinjection of geothermal water. Surface disposal also requires the construc- 

tion of ponds or revetments to contain the water within close proximity of the 

production facilities. 

It was the responsibility of New Mexico State University as operator to prove 
that the injected geothermal water is of higher quality then the existing 
aquifer before any reinjection can take place. Pumping tests, detailed chemical 

analysis, the deep exploration drilling have produced a case to establish that 
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the site and disposal operations are environmentally safe. Thus f a r ,  however, 

disposal opornLions have been limited solely to gravity reinjection. 

Concerning Archeological Surveys, a complete field inspection and forma1 report 

were acquired for each of the wells, for the power line, new service roads, and 

the throe miles of buried pipeline for those areas not covered by an existing 

archcological survey. No artifacts or other significant objects were found in 

any of these surveys. 

n 
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INSTITLTIONAL ISSUES AND PERMITS drs '. 
The Geothermal Pipeline required road crossing permits to cross under the 

Interstate 1-25 and all roads on the main campus, which technically are New 

?lexica State Highways. These permits were obtained through the District 

Highway Engineer. 

Since the entire project was constructed on New Nexico State University prop- 

orty, no other agencies were involved. 

The permits for drilling, testing, and operating the production, operation, and 
disposal wells DT-1, DT-2, PG-1, FG-2, PG-3, OW-1, and GD-2 are listed in the 
Driller's Guide. For further details concerning the permit requirements of 
Geothermal well refer to the State of New Mexico Energy and Hinerals Department, 

Geothermal Well Driller's Guide, which was written as a by-product of this 

project . 
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8 .  PRODUCTION DRI LCING AND 1,OC;CINC 

8.1 The location of PG-1 and PG-3 are 1,000 feet from the North Line, 500 feet 

from the East Line, Section 27, Towhsliip 235, Range 2E, and 4825 feet from the 
North Line, 80 feet from the East; Line, Section 27, Township 235, Range 2E, Dona 

Ana County, New Mexico, respectively . 

PG-1 was completed originally to a depth of 860 feet, with screen from 700 to 850 

feet of depth. PG-3 was completed to 870 feet with perforations from 750 to 860 
feet. The casing in PG-3 is copper-impregnated steel, and the screen is Roscoe- 

Moss shutter type. This particular screen was selected in order to attempt to 

evaluate a different type of screen. NHSU-PG-1 was completed using slotted 

steel screens, for a total screen interval of 150 feet. In turn, NMSU-PG-3 

contained 110 feet of shutter-type screen. In NEISU-PG-3 the casing was cemented 

from the surface to 730 feet of depth, with gravel pack from 730 feet 860 feet of 

depth. An 18-inch conductor casing was cemented in a 26-inch hole for the top 60 

feet of the well. PG-1 was a 17-inch hole drilled to 850 feet. The gravel pack 

originally extended 30 feet above the screened interval in the 3-inch annular 

space. The remaining 3-inch annular space from 670 feet to the surface was 

cemented. 

Further details concerning the production-wells PG-1 and PG-3 may be found in 

Technical Completion Reports for each well. 
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Figure 8-1 

Geothermal Production Well PG-1 
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Figure 8-2 

Geothermal Production Well .WU-?G;3 
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. - RESOURCE TESTING 

There are five current wells of significance in the Geothermal Demonstration 

System. Two of them, PG-1 and PG-3 are production wells, and OW-1 is an 
observation well which was completed to assess the hydrology of thc geothermal 
aquifer. The remaining two wells are the old golf course well which was 

repaired for use as a disposal well, and the new disposal well GD-2, which was 
completed in October 1982 as a supplement to the Geothermal Demonstration 

Sys tem . 

A study of geothermal well yield of the production wells PG-1 and PG-3 was 

established by a series of well testings conducted during the period of December 

1381 - April 1982. On the basis of relevant data assessed from pumping tests of 
PG-1 and PG-3, the result of well yields of the production wells is detailed in 

the following sections. 

3.1 PG-1 

Controlled testing of this well using an installed 100-hp submersible pump 

produced some useful indicators of possible aquifer parameters. 

The saturated thickness of the alluvial deposits is from the water table to at 

least 1,200 feet. Water table is roughly 250 feet below ground surface. Water 
temperature is 142'F at the well-head. Static water level is 328 feet. Using a 
100 Iip pump, the well yield was measured to be 365 gpm at 526 feet of total 

drawdown depth. This is 365 gpm for 198 feet of net drawdown, or a specific 

yield of 1.8 gpm/foot of drawdown. This flow rate was 43% of probable aquifer 

moximum, based on drawdown. It should be noted, however, that the observed 
specific yield in sustained operations was only 1.3 gpm/foot of drawdown. 

'The maximum available drawdown for PG-1 is 522 feet, less 50  feet for dissolved 

gas control, or a net usable drawdown of 472 feet. The optimum drawdown is 67% 

of this maximiim value, or 316 feet of drawdown, therefore: 
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a. Maximum aquifer yield is approximately 850 gpm, at total (or maximum) 

drawdown at a specific yield of 1.8 gpm per foot. A t  1.3 gpm per foot, 

this maximum is 613 gpm. 

b. At optimum drawdown, the yield is 92% of maximum, or 782 gpm for 1.8 

gpm per foot, and is 564 gpm for 1.3 gpm per foot. 

c. In order to attain optimum yield at optimum drawdown, the pump would 

have to set at a point 50 feet lower than the optimum drawdown level, 

which is calculated as follows: 

Static Level + Optimum Drawdown + 50 feet = 328 feet + 316 feet + 50 feet = 

694 feet 

d .  At this depth, the pump bowls would be in the top portion of the 
screen section, in the interval 695-710 feet of depth. This setting 

is consistent with normal rules of thumb for water wells, which 

suggest this location as optimal. 

e. In order to produce the aquifer optimum yield, a 12-inch diameter, 250 

Hp submersible pump would be required, which would necessitate an 8- 

inch pump column. The static lift would be 644 feet, plus the length 
of the pump and motor. (Note: This is for a theoretical well. The 

actual well is too small to accommodate such a large pump.) 

f. From controlled tests previously run, the well yield is 365 gpm of 

water at 142'F. 

taneously at 600 gpm, there is an indication of slight temperature 

decay. At this combined flow rate, PG-1 temperature declined to 139- 

140'F. Although not conclusive, this temperature decline suggests 

that an attempt to gain optimum yield of 782 gpm from the aquifer in 
the vicinity of PG-1 could result in a fluid temperature in the range 

of 135- 138'F. 

However, when both PG-1 and PG-3 were pumped simul- 
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9 . 2  PG-3 

The geothermal  f l u i d  t empera tu re  is 145-146'F. T h i s  s l i g h t l y  h o t t e r  f l u i d  

p robab ly  is t h e  r e s u l t  of  c a s i n g  o f f  t h e  c o o l e r  zone from 700 t o  750 f e e t  o f  

d e p t h .  T h i s  w e l l  c o n t a i n s  a s h u t t e r - t y p e  s c r e e n ,  which has  34 pc:rcent more 

s c r e e n  opening t h a n  does t h e  s l o t t e d  p i p e  s c r e e n  i n  PG-1.  Using an i n s t a l l e d  

100 Hp pump, t h e  w e l l  y i e l d  was 194 gpm a t  144 f e e t  o f  n c t  drawdown. S t a t i c  

water l e v e l  is  382 f e e t .  S p e c i f i c  y i e l d  was 1 . 3 4  gpm/foot of  drawdown. During 

s u s t a i n e d  usage ,  t h e  wel l  y i e l d  was roughly 1.05 gpm p e r  f o o t .  

The maximum a v a i l a b l e  drawdown f o r  t h e  a q u i f e r  i n  t h e  v i c i n i t y  of 1'G-3 is 850-  

382 ( s t a t i c  l e v e l )  o r  468 f e e t ,  less 50 f e e t  f o r  d i s s o l v e d  gas c o n t r o l ,  o r  418 

f e e t .  The optimum drawdown i s  67% of  t h i s  maximum v a l u e  or 280 f e e t  of drawdown, 

t h e r e f o r e :  

a .  Maximum y i e l d  a t  maximum drawdown is  roughly 560 gpm a t  1.34  gpm p e r  

foot,  and 439 gpm a t  1.05  gpm p e r  f o o t  of drawdown. 

b. Optimum y i e l d  a t  92 p e r c e n t  o f  maximum is 515 gpm a t  1 . 3 4  gprn pe r  

f o o t ,  and is 400 gprn a t  1 .05 gprn p e r  f o o t  o f  drawdown. 

c .  A t  optimum o p e r a t i n g  l e v e l  of  280 f e e t  t h e  optimum y i e l d  is 375 gpm a t  

1 . 3 4  gprn p e r  f o o t ,  and is 294 gpm a t  1 .05  gprn p e r  f o o t .  

d .  To a t t a i n  optimum y i e l d ,  t h e  pump shou ld  be se t  a t  l e a s t  50 f e e t  

deepe r  t h a n  t h e  optimum o p e r a t i n g  l e v e l ,  o r  rouglily 7 1 2  f e e t  of  dep th .  

With a pump l e n g t h  of  18 f e e t ,  t h i s  geometry i n d i c a t e s  a pump s e t t i n g  

dep th  of 730 f e e t .  

e .  I n  a c t u a l  tes t  o p e r a t i o n s ,  a 100 lip pump was set  a t  7 6 3  f e e t  t o  t o p  of  

bowls. The pump column is 5 - inch  ID. The measured y i e l d  was 330 gpm 

a t  f u l l  pump o p e r a t i o n .  T h i s  pump p rov ided  t h e  c a p a b i l i t y  o f  

o p c r a t i n g  a t  80 p s i g  wel l  head p r e s s u r e ,  a t  a f l o w  ra te  of 250 gpm. 

T h i s  is t h e  well head p r e s s u r e  t o  a s s u r e  t h e  e n t r a i n e d  and d i s s o l v e d  

carbon d i o x i d e  (CO ) remain i n  s o l u t i o n .  2 
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f. Concerning CO this well contains 220-230 cc of CO pcr liter of 2' 2 
This value is roughly 5 percent higher than for PG-1. fluid. 

g .  Realistic production temperature for this well was 14S°F at 300 gpm. 

During the combined pumping tests, this well continued to produce 

145'F fluid at a two-well combined flow rate of 600 gpm. The conclu- 

sion reached was that the temperature in PG-3 is probably independent 

of PG-1 pumping rate. Probable reason for this phenomenon is that the 
sub-surface geothermal fluid migration (or flow) was believed to be 

South-to-South-West. Hence, PG-3 effectively is "uphill" from PG-1, 

and is intercepting the hotter strata. It is possible that PG-3 would 

show a decline in temperature if PG-1 was pumped at its optimum yield 

of 564 to 782 gpm. 

The following table illustrates original well yields and temperatures. If the 

estimated yield, and estimated temperature at optimum yield are correct, the 

combined flowrate at optimum would be 1000 gpm, at an average temperature of 
138'F. 

Table 9-1 

ACTUAL AND THEORETICAL YIELD, 

NMSU GEOTHERMAL WELLS 

Tested Optimum Tested Temp @ Optimum 
G PM GPM Temp OF O F  

PG-3 

PG- 1 

Combined 

330 294 146 146 

600 (1000 est) 145 (PG-3) 144 (PG-3) 

139 (PG-1) 135 (PG-1) 

See Tables 9-2  and 9-3 for the history of each well. 
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Table 9-2 

PRODUCTION WELL PG-1 HISTORY 

August 19 79 

February 1980 

June 1981 

July 1981 

18-19 Dec 1980 

18-19, 22 Dec 1980 

July 1981 

August 198 1 

February 1982 

April 1982 

17 May 1982 

June 1982 

7-10 July 1982 

1-8 August 1082 

24-25 August 1982 

30 September 1982 

18 November 1982 

March 1983 

Well was drilled as NMSU-DG-3, a test well, and later 
redesignated production well NMSU-PG-1 (LRG-521). Well 
was drilled to 870 feet, and was completed t o  850 feet, 
with cement plug in bottom. 

24-hour pump test. 

50 hp Peerless pump set in well. 

Ten-day controlled pump test and aquifer evaluation. 

48-hour flow test. 

Test for dissolved gas in water. 

Combined flow test of PG-1 and PG-3 at 500 gpm. PG-1 
pumped mud and sand for 45 minutes after which the 50 
hp Peerless pump failed. 

The 100 hp pump was moved to PG-1 from PG-3. 365 gpm 
was pumped with little or no sand. 

Set new 100 Hp pump in PG-3 

Combined flow test of PG-1 and PG-3. PG-1 produced 225 
gpm and PG-3 produced 275 gpm. 

Installed 100-hp pump failed. Break in screen in PG-1 
at 803 feet, detected by down-hole video camera. 

Well repairs, to seal off defective screen section. 

Pump test using 80 hp pump and 100 hp motor. 
(265 gpm and with much sand) 

Air jetting to remove sand. 

Pump test of new performance pump (60 Hp, 265 gpm). 

The 60 Hp TRW-REDA pump failed after 30 hours. 

Installed a new Johnston, vertical shaft turbine pump. 

PG-1 pump column was penetrated by corrosion, and the 
production rate declined to 100 gpm. 

4 
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Table 9-3 

PRODUCTION WELL PG-3 HISTORY 

January 1981 

25-27 January 1981 

January 1981 

July 1981 

August 1981 

February 1982 

April 1982 

April 1982 

May 1982 

June 1982 

July 1982 

August 1982 

25-26 August 1982 

27 September 1983 

October 1983 

Well was drilled as NPlSU-PG-3 (LRG-520), a test well, 
and in February 1982 was designated LRG-521-S, a 
production well supplement to PG-1 (LRG-521). Well 
was drilled to 930 feet, and completed to 870 feet, 
with open-hole completion. 

48-hour flow test and. analysis of water samples. 

Combined flow test of PG-1 and PG-3 at 400 gpm. Each 
well produced 200 gpm. 

Combined flow test of PG-1 and PG-3 at 500 gpm. 

The 100 hp pump was moved from PG-3 to PG-1 

PG-3 redesignated - see above. 

New 100-Hp pump installed; flow tested at 320 gpm 

Combined flow test of PG-1 and PG-3 at 500 pgm. PG-1 
produced 225 gpm and PG-3 produced 275 gpm 

Pump failure. Tear down inspection was inconclusive. 
Operator decided that the lower section (870 to 930) of 
open hole was likely source of sand, even though no 
evidence existed that this we11 produced sand. 

Well repairs, cement plug installed in bottom to seal 
open hole. 

Flow tested using 100 Hp pump; well could not produce 
more than 175 gpm. 

Air jetted for 5 days to re-develop well after attempt 
made to loosen cement plug. 

New permanent pump was installed (60 Hp). Production 
rate 185 gpm at 70 psig well head pressure. Well was 
placed in service as a backup well. 

After 2,400 hours of operation, well head pressure had 
declined to 35 psig. Operator decided to shut down 
the pump. 

Controlled testing indicated pump still retained at 
least 85% of capability. Decision made to continue 
operation. n 
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Table 9-2 (Cont'd) 

PRODUCTION WELL PG-1 1iISTORY 

23 March 1983 

7-9 April 1983 

12 April 1983 

June-July 1983 

August 1983 

September 1983 

December 1983 

Switched the operation to PG-3. The Johnston pump was 
removed for repair. 80% of threaded portion of column 
pipe showed evidence of severe corrosion resulting from 
HIS attack. 

Airjetted to remove sand for 20 hours 

TV logged for PG-1. Log showed significant evidence 
of screen plugging with carbonate build-up, and gravel 
pack probably gone at 740 feet of depth. 

Metallurgical testing and examination of failed pump 
column confirmed sulfide (hydrogen) embrittlcmcnt was 
the primary cause of failure. 

Well was treated with sodium hypochlorite to control 
suspected anerobic bacterial action, and hydrochloric 
acid to dissolve carbonate pump in the screen section. 
Well was bailed for 24 hours after chemical treatment. 

Repaired Johnston pump was reset, using flanged column 
pipe epoxy coated on interior and exterior surfaces. 
Special pump section sand screen also was installed. 
A planned 3-day test pumping was terminated early 
because excessive sand production plugged the pump and 
sand screen. Pump subsequently was removed and stored 
at NMSU. 

Using a contractor supplied pump, conducted a special 
24-hour flow test designed to measure sand production 
and H2S contro l  measures. Tlie chemical tre'itmcnt 

resulted in a significant reduction in H2S. Sand 

production at first appeared to be controllable at 
production rates of 200 gpm. After the pump was 
removed, however, inspection of thc: well indicated that 
at least 17 feet of sand had infiltrated the well. 
Equilibrium draw-down values showed evidence of a 
progressive pumping resistance as the test continued, 
which is consistent with the sand infiltration, and 
effective loss of useful screen. 
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26 Apri l  1984 

Table 9 - 3  (Cont'd) 
PRODUCTION .WELL PG-3 IIISTORY 

Pump performance s t i l l  s l o w l y  d e c l i n i n g ,  and i s  now 
o n l y  60 gpm a t  30 p s i g  w e l l  hcad prossurc .  Pump has 
more than 7 ,000  hours of operat ion .  Wcll was  takcn 
out  of s e r v i c e  temporari ly ,  to  preserve rcrnoining 
pump l i f e  for use  during a schodulod 10-day stcam 
outage  planned f o r  mid-May, 1984. 

n 
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10. DISPOSAL DRILLING AND LOGGING 

10.1 Summary 

This new disposal well was drilled as a New Mexico funded project, with funding 

provided through the Geothermal Demonstration Fund. Th.: well, NMSU GD-2 LRG- 
3648, was designed to dispose of 100-250 gpm of geothermal water after the heat 
has been extracted. The well had to meet several tests. 

a. 

b. 

C. 

d. 

e. 

It had to intersect the geothermal aquifer, and an underground aquifer 

at least as saline as the geothermal water to be reinjected. 

The intersected formation had to be capable of accepting the planned 

reinjection rate. 

If test drilling verified the first two unknowns, in order to develop 
the well by jetting and test pumping, additional safeguards had to be 

installed to comply with New Mexico statutory requirements and assure 
that other usable ground water was not contaminated by the surface 

discharge of the geothermal water during well drilling and test 
pumping operations. 

If the well solved the first two unknowns, the well screen would be 
exposed to a potentially corrosive environment which dictated high  

quality, corrosive-resistant well screen material. 

The research program had to contain measures to assure that the geo- 

thermal aquifer did not over-lie a potable water aquifer to avoid 

long-term degradation of potable water supplies. 

The completed well was drilled, tested, and connected to the geothermal system 

in a 4-month period starting August 1, 1982. This well has been in service as a 
disposal well since December 1, 1982. As part of the drilling program, 

additional information has become available which helps document the nature and 
extent of the geothermal anomaly for follow-up commercialization. 
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The New Mexico State University disposal well (NMSU GD-2 LHG-3648) is located at 
330 feet from the Westlirie, 1,000 feet from the Northline, Section 2 7 ,  Township 

23S, Range 2E, in Dona Ana County, New Mexico. The well is located at a ground 

level of 4,000 feet above the mean sea level, approximately 4 mile east of 
highway 1-15 in Las Cruces, New Mexico. New Mexico State Univcrsity owns the 

land and the mineral resources under the land at the site of the well. 

10.2 Organization 

Thc drilling and development of NMSU GD-2 LRG-3648 was assisted by technical 

advice from Roger Bowers, Hunt Energy Corporation and Rick Chagnon of the 

Johnson Screen Division of U.O.P. Andrew Uristol of the NMSU Water and Soils 

Laboratory provided significant assistance in water chemistry analysis. George 

Scudella of the New Mexico Energy and Minerals Department provided funding 
assistance. The Physical Science Laboratory supervised the well construction. 

.. 

10.3 Driller Bidding 

The following is an extract of the Invitation for Bids that was issued to the 

construction of NMSU GD-2 LRG-3648. 

I The University requested bids on a reinjection well, a deeper pilot hole, and a 

well drawdown test of 24-hour duration. Contractors were allowed to bid on the 

total package, or to submit bids partially on only Option C as defined in this 

IFB. Consideration was given on the basis of cost, technical performance, and 

responsiveness to requested time-frames for performance. The total package 

included three options, defined as following: 

I 

Option A Reinjection well, approximatcly 450 feet deep. 
Option B A deeper pilot hole, as an extension of the pilot hole for 

reinjection wcll, approximatcly to 1,000 feet of depth. 

24-hour well drawdown and pumping test for the reinjection 

well. 

Option C 

n 
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Time-Frame for Performance 

Task 1 Option A :  Drill reinjection well, within 30 days following bid 

award (Estimate 5 days for work). 

Task 2 (Iption i3: Drill a deeper pilot hole, within 30 days following bid 

award. (Estimate 2 days for work). 

Task 3 Option C: Conduct 24-hour well drawdown and pumping test. This 

test is to be completed within 10 working days following 

well completion. 

10.4 Completion Nethod 

The pilot hole was spudded on 23 September 1982, and was drilled to 9 3 1  feet of 

total depth (TD). The drilled pilot hole was 7 7/8-inch diameter to 520 feet and 

63-inch diameter to 3 9 1  feet TD. Suite of geophysical logs was acquired, and 

the pilot hole was packed dith gravel before jetting water samples at 2&0, 8$0 

and 468 feet of depth. The hole was enlarged to 14 3/4-inch diameter to 486 feet 
of depth. 

On 21-22 October 1982, casing of type A/20 Kaiser prime steel of 0.322-inch wall 

thickness and 8.625-inch diameter was set from a level one foot above the ground 
surface t o  370 feet, 380 to  390 f e e t ,  and 470 to 477 feet. Screen section was 

set with proforated zones from 370 to 380 feet and 330 to 470 feet of depth. The 
screen used was 8.625-inch diameter Johnson Type 316L stainless steel with 0.60 

s l o t  and 13 by 3-inch collars. 

The bottom hole was sealed by a cement plug from 467 to 486 feet of depth using 

20 sacks of cement. Colorado Silica gravel 0.079 to 0.132-inch was packed in 

the section from 347 to 486 feet. Cement from the surface to 347 feet of depth 

consisting of approxim-'ely by 200 sacks of cement was emplaced using a cement 

pump. Cement bonding was verified by good cement return. 

A schematic diagram of the completed well is shown in Figure 10-1. 

10 * 3 



NNSU GO-2, LRG 2648 

Cment 

6 t o  9 
gravei 

JeStcd 

Jettrd 

Figure 10-1. Schematic Diagram of the Completed Well 
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10.5 Stimulation Method 
u 

This new well, GD-2, is one of the first geothermal reinjection in New Mexico 
drilled specifically for the purpose of reinjection. As no prior history was 

available, a literature search was conducted to determine if any guidelines 

existed. 

and laboratory data were acquired and analyzed and cornpared. As reported in 

ASTM STP 7 3 5 ,  American Society for Testing and Materials, Proceedings of the 

Second Symposium on Water for Subsurface Injection, Woodward Clyde, consultant 

reported on Some Factors Contributing to Decreased Well Efficiency During Fluid 

Injection". This report served as a standard for the activities taken to 

develop NMSU GD-2. 

Only one known controlled experiment has been conducted in which field 

I 1  

Woodward and Clyde reported that compaction caused by vibration in the gravel- 

pack-aquifer model tended to decrease permeability by as much as 35 percent in 
the gravel pack, and 45 percent in the aquifer material. This decrease results 

from compaction of the gravel pack is a result of surging action from well- 
development procedures and the alternate injection arid pumping tests. 

this concern, the NMSU research team mads a decision to proceed with a very 

careful well development. 

Based on 

Initially, the well was to be developed by a modest amount of air-jetting, 
followed by a 24-hour pumping test. Air jettingwas initially very limited, and 
served mainly to produce samples for laboratory analysis. When the test pump 

was installed, the small pump could produce only 107-125 gpm, and well 

development was being hindered. 

A new fixture was designed and installed for the air jetting, and consisted of a 

4-inch diameter tube emplaced within 5 feet of well bottom. The 1.5-inch air 

line was set inside this larger tube, with a U-shaped end nozzle. This fixture 

kept the air from being directed into the well screen; instead, it was directed 

upwards so as to force water in a vertical flow path. The entire iixture was 

then raised by successive stages until the entire screen section had been 

jetted. This procedure was followed for almost two wecks of intermediate 

jetting, and jetted volume increase to approximately 250 gpm. 
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All the geothermal fluid produced by pumping and air jetting was routed through 
a 4-inch temporary pipeline to Tortugas Arroyo, and impoiirided within a small 
earthen dam, whcre it recharged the aquifer by natural percolation. An esti- 

mated volumc of one acre foot of water was produced. 

After the well had been developed hy air jetting, it was then connected with a 

segment of 6-inch permanent disposal pipeline. The wellhcad was installed, and 

temperature and pressure ports were installed. An air release valve also was 

installcd so that air could be rcrnoved during initial filling of the pipeline 

and the well. The initial inflow tcst was set at a rate of 220-240 gpm, and the 

well accepted this flowrate by gravity reinjection. This initial test was for a 

24-hour duration. 

Based on the successful development program, a decision was made to forego 
further well development activities at that time. Now that a baseline has been 

established for natural-formation rciiijcction, future disposal operations can 

be monitored. If the well shows a decline in reinjection volume, or a build-up 

in wellhead pressure, the well can bc acidized and cleaned out. Subsurface 

formation of the injection zone contains a large percentage of carbonates, and 

hydrochloric acid in suitable concentrations would be an effective acidizing 

agent. 

Decline in reinjection volumes also could rcsult from either air entrainment or 

gas binding caused by the relcase of dissolved gases. Concerning the dissolved 

gases, the NMSU geothermal system provides for separation of most of the free 
CO 
same chemical composition as thc geothermal water, and assuring that the 

reinjected fluid is slightly warmcr than the natural ground water will tend to 

prior to reinjection. Moreover, by reinjecting into an aquifer which is the 2 

minimize the gas binding problem. The air cntrainmcnt problem is more difficult 
to solve. Although care was exercised in filling the pipeline to minimize air 

entrainment, it is possible that small air bubbles could become lodged in the 

well screen or aquifer. These a i r  bubbles could be caused by the so-called 

Jamin effect, or could result from distortion of bubblcs when they are forced 

through the capillary openings of the aquifer. 
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To minimize or eliminate air entrainment, the simplest (but most costly) 

solution is to install a rcinjccLion pipe coliimii, with a controllable butterfly 

valve near the bottom of the injection p i p e .  Modification of the we11 by this 

fixture would appear to be a u s e f u l  future test if reinjection volume declines, 

or if wellhead pressure starts to rise. In the intcrim, care s h o u l d  be exer- 

cised by system operatcrs to assure a slow and careful filling of tlic pipeline, 

and to vent the well carefully during future start-lip operations. 

Further details concerning NMSU GD-2 LRG-3648 may be found in the New Mexico 

State University Geothermal Reinjcction Wcll Completion and Testing Technical 

Completion Report. 
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The chemical analysis of the water samples at each horizon is given in Table 10- 
The analysis was performed by using standard procedures recommended by the U.S. 

Environmental Protection Agency (EPA). 

Table 10-2 

Concentration (mg/l> 
CHEMICAL ANALYSIS OF DISSOLVED MINERALS, GD-2 

Element At 468 ' At 840' Nethod of Determination 

Na 
K 
Ca 

c1 
Mg 

c03 

s04 

HC03 

As 
Ba 
Cd 
Cr 
Pb 

Se 

N03-N 
F 
SiOz 

Fe 
Mn 
B 

Hg 

Ag 

427.6 386.2 
43.8 34.8 
130.0 114.5 
36.0 36.6 

573.7 440.3 
0 0 

422.2 

315.0 

< 0.001 
0.08 

<0.005 
<0.002 
0.005 

< 0.0002 
t o .  001 
0.05 
0.01 

1.29 
23.2 

1.26 
0.09 
0.30 

494.2 

280.0 

0.001 
0.09 

<0.005 
<0.002 
0.005 

< 0.0002 
0.001 
0.05 
0.02 

0.55 
36.0 

6.00 
0.13 
0.30 

C 

B 
B 
B 
B 
B 
B 
B 
B 
C 

E 
B 
B 
B 
F 

TDS 1,948 1,787 

A = Fldme Emission; 
D = Acid Titration; 

B = Atomic Absorption; 
E = Specific Electrode; 

C = Color Metric; 
F = Induced Conductive Plasma 
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11. DISPOSAL TESTING i 
There are two disposal wells, NMSU #4 ( L e  old golf course well) and CD- LRG- 
3648 (the new disposal well). The golf course well originally was completed in 

1962. It was in service for ten years, during which time trees and shrubs did 

not grow properly. The well was shut-in in 1972, and the pump was removed in 

1977. The well was repaired and brought to operation as a disposal well in 

January 1982. The new disposal well GD-2 was drilled in September 1982 to 

provide an additional capacity to the existing golf course well. A history of 

each well, which briefly summarizes the results of test and performance during 

the construction and operation phases, is given in Table 11-1 and 11-2. 

Golf Course Well 

The golf course well was abandoned in 1971 as excessive mineralization was 

causing harm to the golf course vegetation. Based on previous research, a 

Disposal Order was issued by the New Mexico Oil Conservation Division which 

allowed testing of this well as a disposal well. Gravity reinjection only was 

initially allowable, and verification of disposal facilities was necessary 

before placing the well in service. 

The well was pumped for six weeks using the 3.5 hp pump from the PG-2 well. 

Water temperature and conductivity values were logged, and at the end of the 
pumping period, water samples were taken for detailed analysis. 

A reinjection test was conducted over a 5-day period for a total of 115 hours. 
This test indicated that the planned reinjection rate of 225-250 gpm would be 
feasible. 
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~~ 

1961 - 1962 

1971 

1977 

February 1981 

13 July 1981 

1 hug - 14 Sep 1981 

September 1981 

December 1981 

January 1982 

February 1982 
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Table 11-1 

GOLF COURSE WELL HI STORY 

Well drilled and completed. 

Well taken out of production. 

Pump removed 

Trial injection of 100,000 gallons of domestic water. 
Controlled injection tests at 300 and 550 gpm. 

Well approved as disposal well for gravity flow only, 

by the Director, Oil Conservation Division of the Energy 

and Minerals Department, State of New Mexico. 

Six weeks of low-flow rate pumping test conducted. 

Reinjection test conducted at 225 gpm. 

New well casing, and screen liner installed. 

Additional testing conducted to verify the new well 

casing and repairs. Reinjection tests conducted at 

rates up to 300 gpm. 

Well placed into geothermal service as a disposal well. 

n 



Table 11-2 

GD-2 LRG-3648 HISTORY 

- Date Act ion 

2 3 - 2 4  Sep 1982 A pilot hole was drilled to 991 feet of depth. Jetted 

water samples were obtained at horizons of 468 and 860 

feet. Water samples validated conclusion that the 

geothermal aquifer extended to the target zone, and 

was the same quality as production wells. 

22-23 Oct 1982 

27 October 1982 

November 1982 

Set casing, screen, and gravel pack. 

Well development. Jet.ted water samples were obtained 

468 feet of depth. 

Field connection of the new disposal well to the geo- 

thermal system. 

1-15 December 1982 Controlled reinjection tests. Gravity injection cori- 
ducted at an average rate of 220-240 gpm. 

1 December 1982 Well placed into service as primary disposal well, 

with the old golf course well (GD-1) as backup. 
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After the well repairs were completed, additional tests were conducted to verify 

conditions and to assurc  the integrity of the rcpairs. 

An initial test at a flow rate of 300 gpm causcd water to ovcrflow from the well. 

The cause of this ovcrflow was unknown, although it was suspectcd that a 

temporary bridge had forwed during the repair operations. Because of this 

problem, the casing liner was sealed at thc well head. This change also 

permitted the system to use the drop of 130 lcct in elevation between the 

production and disposal wells (less on estimated 15 feet of friction losses) as 

the injection motive force to assure injection without the need for an injection 
pump. Noreover, this design completely isolated the gcothermal flow so that a 

blockage of the disposal well would not result in a geothermal spill. Instead, 

if the well were blocked, system flow would cease, ond automatic controls would 

shut down the production well pumps. 

Afcer design changes were incorporated, a 3-hour flow test was conducted. 

Changes in static water level were measured by differential pressure and €low 
rates were monitored by installed systcm flow meters ;It the Gas Separator tank 

and Heat Exchanger complex. The test was designed to assure that the well would 

accept up to 50  pexc..;..t w r e  flow than the system design flow rate of 200 gpm. 
Because automatic flow by-pass controls had not yet been installed, manual 

controls were used to set and control the flow at k 10-15 gpm of the desired 

rate. 

From this limited test, it appeared that the well would safely accept the 

planned 250 gpm disposal rate. 

Subsequent testing at varying flow rates over a 30-day period validated the 

conclusion from these earlier tests. During all but two of the tests, the water 
level rise in the well bore at 300 gpm was not noticeable. However, on two 
tests, the water level rose to -142 feet, and then slowly droppedto - l e 5  feet. 

This lack of stable behavior was unexplainable, and _dictated continuous 

monitoring. Because the behavior of this well could mean early failure, a new 

disposal well (GD-2) was planned for a location adjacent to the lieat Exchanger 

Building, which is underlain by the geothermal clquifar, aiid which would facil- 
itate disposal operations. 
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. . . . . . . .. - . . - - . .. . - - - - - .. . . . . . . . . . . . . . . . . . . . 

New Disposal Well 

A controlled reinjection test was conductcd during the period of 1-15 Deccrnber 

1382. The test established that the new disposal well GD-2 can dispose the 

spent geothcmnl fluid at the planned production rate of 220-240 gpm. 
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12. APPLICATIONS ANALYSIS 

This  section is not applicable to this project. 
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. .. . . . . . . . . . . . . . . . . . . . . . 

13.  OBTAINING USER COHHITHENT 

This s e c t i o n  is not appl icable  to c h i s  projec t .  
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14. SYSTEM LOADS 

14.1 Peak Loads 

The total capacity of the New Mexico State University Geothermal Demonstration 
Project is 400 gpm @ 142OF or 15 million BTU per hour. 

The present peak load is 105 gpm @ 142'F or 3.675 million BTU per hour. 

14.2 The total annual heat load is displayed in the following table. 

Table 14-1 

GEOTHERMAL ANNUAL LOAD 

DATE - 

Apr i 1 
17 May (end of normal academic year) 

June (first summer session) 

July (second summer session) 

26 August (start of normal academic year) 

September 

October 
November 

December 

Jan ti a r y 

February 

March 

BILLION BTU 

5.82 

1.61 

9.46 

9.46 
7.49 

5.13 

5.31 
7.23 

7.23 

3.10 

6.71 

6.14 

TOTAL ANNUAL LOAD = 45.9 Billion BTU/YEAR 

14.3 Fuel Replaced 

By applying the information in Section 14.2 the Annual Fuel Replaced yields 

57,375 MCF of natural gas at a boiler efficiency of 80 percent. For further 

details see Section 33. (System Economics). 
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15. PRODUCTION SYSTEM DESIGN 

15.1 Selection Process 

The design of PG-l'was developed from the data obtained from the exploratory 
holes DT-1 and DT-2. PG-1 was drilled only 15 feet away from DT-1. 

The site of PG-3 was developed from data obtained from a several long-term 

aquifer tests utilizing PG-1, and thermal gradient data from all the shallow 

gradient wells in the Las Alturas area. Also available was information pre- 

viously acquired in the site selection of PG-1. 

15.2 Design 

The explicit design policy followed in the design and completion of the pro- 

duction system was that a fully tested installed capacity of at least double the 

current requirement was needed. This policy was implemented with two production 

wells, each capable (theoretically) of a production rate twice the expected 
need. 

Both PG-1 and PG-3 were designed to tap the aquifer between 700 and 850 feet. 

The design requirements for PG-1 were as follows: 

1. 
2 .  

3. 

4 .  

5. 

6 .  

17-inch hole drilled to 850 feet. 
100 feet of screen with 750 feet of 10-inch casing. 

A cement plug i n  the well bottom. 

Gravel pack 150 feet and sand pack 30 feet of the 3-inch annular 

space. 

Cement the remaining annular space to the surface. 

Use a 50 Hp Peerless turbine pump at a production rate of 250 gpm. 

The design requirements for PG-3 were as follows: 

1. 
2 .  

3. 

16 3/4-inch hole drilled to 850 feet. 

750 feet of casing with 100 feet of screen. 

Gravel pack in the bottom. 
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4. Lowest 150 f e e t  of annular space packed with screen gravel.  30 f e e t  
of annular space packed with medium to  coarse sand. 

5 .  

6 .  

Cemcnt the  remaining annular space. 
Use a 100 Hp T R W  electric submersible pump a t  a production rate of 250 

gPm * 

For fur ther  d e t a i l s  concerning PG-1 and E - 3  see the  Technical Completion 
Reports f o r  the two individual wells as noted i n  the  Appendix. 
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16. T)ISPOSAI, SYSTIN DKSlGK 

Thc Di sposa l  System is made lip of  two d i s p o s a l  wel l s ,  NNSU CD-1 ( fo rmor ly  NPlSU 

# 4 )  and CD-2 (LRG-3648) and a Disposal  P i p e l i n e .  

D i sposa l  Well G D - 1  ( o l d  Golf Coursc w c l l )  was d r i l l a d  i n  1961, and complctod i n  

e a r l y  1962. Due t o  poor w a t e r  q u a l i t y  t h o  wc-11 was p l a c e d  i n  an a c t i v e  s t a t u s  i n  

1371, and t h e  pump was rc!movc\d. 

Based on e a r l i e r  r e s e a r c h ,  a Di sposa l  Order was i s s u e d  by t h c  N e w  Plexico O i l  

Conse rva t ion  D i v i s i o n ,  which al lowed t e s t i n g  of t h i s  w e l l  as a d i s p o s a l  w e l l .  

I m p l i c i t  i n  t h i s  approva l  werc t l i c !  r equ i r emen t s  t h a t  o n l y  g r a v i t y  r e i n j e c t i o n  

was i n i t i a l l y  a l l o w a b l e ,  and t h a t  v e r i f i c a t i o n  of d i s p o s a l  f a c i l i t i e s  was 

n e c e s s a r y  b e f o r e  p l a c i n g  t l ic?  well i n  service.  

If s u c c e s s f u l ,  t h i s  wel l  cou ld  bc used LO d i s p o s e  of 100 t o  250 gpm of gco- 

thermal w a t e r  a f t e r  t h e  heat h a s  bacn a x t r a c t o d .  

From a v a i l a b l e  d a t a ,  it. appea r s  t h i s  w e l l  (GI)-1) is warmer now t h a n  when it was 

i n  p roduc t io i i  as an i r r i g a t i o n  well. I f  this ii iforination was c o r r e c t ,  i t  was 

expec ted  t h a t  t h e  h i g h e r  temperntiire might be  p a r a l l e l e d  by an i n c r e a s e  i n  

s a l i n i t y  o v e r  e a r l i e r  va lues .  

d e s i g n a d  to ga t l i c r  kcy d a t a  on W i l L e r  t c m p c r a t u r e ,  d i s s o l v e d  gas c o n t e n t ,  

d i s s o l v c d  m i n c r n l s ,  and fo rma t ion  t r a n s m i s s i b i l i t y  f o r  r c i n j c c t i o n .  I n  ndd i -  

t i o n ,  i f  r e s e a r c h  s u b s t a n t i a t e d  t h a t  t h e  w e l l  was i n  f a c t  opcn t o  i ts  o r i g i n a l  

d r i l l e d  d e p t h  of 606 f e o t ,  p l a n s  werc made t o  i n s t a l l  a Piubmersible pump ani 

conduct  stcp-drawdown tes t s  to d(?tcrminc gcothnrmnl pa ramc tc r s  for  t r m p o r n t u r e ,  

f low r a t e  arid w a t e r  q u a l i t y ,  f r o m  dcpt l i s  tlown t o  600 I c c t .  

To a s s e s s  geothermal  p a r a m e t e r s ,  t h e  r e s e a r c h  was 

h v a j  l i ibla  i n f o r m a t i o n  on wc!: 1 par;iinc:tors ( lu r ing  i t s  f i r s t  tcii y e a r s  WRS very 

s p a r s e  and incomplc t c .  I n  a t l t l i t i on ,  an  c a r ]  icr  t r i a l  r c in . j cc t io i i  t es t  had uscd 

more than  100,000 g a l l o n s  of tfomcstic wa t t - r ,  r c i r i j c c t c d  iiito t h e  w c l l .  T h i s  

domes t i c  watcr co i l t o ins  o i i ly  400-500 ppm dissolved mi i i c ra l s .  Accord ing ly ,  t h e  

r c s c a r c h  p l a n  providati  fo r  ;I nic-nns to  pump thc w e l l  so os  t o  restore bnsc  liiic 

pa rame te r s  t l i a t  might. havc existed p r i o r  t o  t h e  t r i a l  r c i n j o c t i o n .  

16 - 1 



- 2.00 

- 340.0’ 

- 3SO.O 

- 354.0 
- 376.6 

... 444.0 
- 4 5 Z O  

- 4 Q d . 0  
- 5 O Z O  

I .  
-7- 

n 

Golf Course ;ell Schezaatic 
Figure 16-1 

16-2 



Once this condition was attained, water samples were to bc analyzcd for dis- 

solved mincrnls and dissolvcd gases. Then, a test fixturv was to tw installcd 

designed to assess, if possible, mechanical integrity of ttic 20-year old casing. 

I f  conditions permitted, a small diameter pump column was to be inserted through 

the test fixture, to acquirc additional snmplcs by jetting samples. 'Then, after 

baseline data was acquired, a 120-hour controlled Lcinjcction test was to be 

conducted to determine tran~mis~ibility of the aquifier in a reinjection mode. 

Concurrently, using one of the existing geothermal production wells, a 
coritrollcd experiment was to be started to assess the long term effccts of the 

geothermal water on golf course vegetation using sprinkler irrigation. 

PUFlPING TESTS 

This well had not been pumpcd for ten years. It had been left uncovered, inside 

a maintenance building, under unknown conditions. Moreover, in February, 1381, 

a trial injection test had been performed, and morc: than 100,000 gallons of 

domestic water (400-500 ppm TIIS) had been flowed into the wt:ll. 

For thcsc reasons, the water quality of the nquifier could not be accurately 

assessed. A need existed to pump the well for as long as possible, or until 

stable conditions could be met for water temperature and conductivity, with the 

latter value equivalent to probably salinity as total dissolved solids. 

Because of the unknown length of time that the pimping would require, it was not 
practical or economic to consider a contractor - operated test pump. The only 

choice remaining was to use the small submersible pump serving the geothermal 

well at the University Center. This is a 3 . 5  IIp pump, which has capability for 

only 22 gpm. Because the pump could bc? made available, decision was made to 

relocate the pump temporarily in the Golf Course Well. 

The pump was installed, using 1.5-inch PVC column, arid set at 240 feet of depth 

to pump bowls. This setting provided at least 20 feet of water over the pump 

bowls. 'The pump discharge was then connected to 300 feet of temporary pipeline 

to n drainage area. A turbine flowrnetcr and electronic temperature monitoring 

p o i n l s  were installed, and the probes were connected to strip chart recorders. 
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Conductivity values continued to increase, but were not stable. A time con- 

straint then occurred, and the Disposal Order for the Golf Course Well required 

a formal reinjection test, witnessed by OCD representatives. Accordingly, a 

decision was made to acquire water samples for detailed analysis for dissolved 

minerals and gases. Conductivity values at the time of sampling were equivalent 
to approximately 1,575 ppm of tot.71 dissolvcd solids. The pH of the samples was 

6.8. From the slope of the conductivity-time curve it is likely that an 

increased pumping rate, or a longer time period of pumping would have produced 

higher conductivity values. 

REINJECTION TEST 

A.  Test Fixture: After the small submersible pump was withdrawn, an attempt 

was made to acquire a temperature log. The hole was bridged at roughly 350 feet 

of depth, and a complete log could not be acquired. This same problem arose on 
an earlier tcst. Moreover, concern existed about the integrity of the closure 

valve originally installed at 507 iect of depth. In order to pierce the bridge, 
and to explore the condition of the well bottom, a special test fixture was 

designed. Details of this fixture are depicted in Figure 16-2. In turn, the 
fixture was designed to be threaded on the bottom of heavy wall, 5-inch inside 

diameter pipe, and lowered into the well. 

B. Insertion of Test Fixture: The fixture and steep pipe were lowered into 

the well on a day when ambient air temperature was 65'F. The weight of the steel 

pipe, and the sharp-pointed fixture very easily cleared the small bridge at 350 

feet of depth. A second more substantial bridge was encountered at 385 feet of 
depth, and also was cleared. Existence of these two bridges could mean the 

pumping test involved only water movement from the top screen section at 354 to 

376 feet of depth, with possible minor seepage from lower sections. 

At 488 feet of depth, the fixture cncountered an unknown mass. With the weight 

of the column (approximately 8,500 pounds) resting on the mass, it was not 

possible to rotate the column. When the column was raised only an inch, it was 

possible to rotate the column. Inadvertently, due to a mix-up in crone signals, 

the entire 8,500-pound weight was suddenly dropped 8-10 feet on the mass. The 

test fixture did not penetrate the mass. The conclusion reached was that this 
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unknown mass probably  was a fused  m i s t u r c  of r l a b r i s ,  rust and scnlc which had 

c o l l e c t e d  ove r  t h e  p a s t  20 y c a r s .  'rl~is concluaior i  1c:nds t o  two o t h c r  o b s c r -  

va t io r i s .  F i r s t ,  t h e  scrccii s c c t i o r i  bctwccn 495 to 505 fcct  o f  dep th  p robab ly  is 

b lockcd ,  w i t h  a p o s s i b i l i t y  t h a t  is miglit a l l ow m i n o r  flow ( l cakagc )  of f l u i d .  

Secoridly,  t h e  c l o s u r e  d c v i c c  probably  s t i l l  is i n t a c t .  Subscqucn t ly ,  i t  was 

dc tc rmincd  t h a t  t h c  v a l v e  was f a b r i c a t e d  of c y p r e s s  Wood, which is q u i t e  long-  

l i v c d ,  and r e l a t i v e l y  r e s i s t a n t  t o  r o t .  T h i s  f a c t  a l s o  s u p p o r t s  t h e  b e l i e f  t h e  

f o o t  v a l v e  i s  i n t a c t .  

Because it appeared  t o  be imposs ih lc  to p j c r c c  or rcmove tlic blockage  a t  488 

f e e t  of d e p t h ,  a d e c i s i o n  was made t o  p o s i t i o n  t h c  t c s t  f i x t u r e  j u s t  above t h e  

mass a t  480 t es t  of d e p t h .  The r e s u l t i n g  t es t  c o n f i g u r a t i o n  is d c p i c t e d  i n  

F i g u r e  16-3.  

C. Reinjection Test. A need existed t o  test  t h c  well capability t o  accept in- 

f low of 250 gpm, which i s  t h e  sys tcm d c s i g n  gcothcrmnl  flow rate .  In  o r d e r  t o  

p r o v i d e  a s s u r a n c e  of con t inuous  i n t a k c  of 250 gpm, a nccd c x i s t c d  t o  p rove  w c l l  

c a p a b i l i t y  a t  a r a t e  above t h i s  v a l u e  i f  it could  bc a t t a i n e d .  The l i m i t i n g  

f a c t o r  was t h e  a v a i l a b i l i t y  of s t a t i c  h c n d ,  or moclinnical a s s i s t e d  pumping t o  

p r o v i d e  t h c  r e q u i r e d  f low r a t e .  A t  tlic s i t o  was a s t and-by  water s t o r a g e  t a n k ,  

which cou ld  p r o v i d e  44 f e e t  of hcad.  T l i i s  tartk was connec tcd  t o  t h e  w e l l  by a 

t emporary  p i p e l i n e ,  and a s h o r t  d u r a t i o n  tcst was coriducted. T h i s  t es t  

i n d i c a t e d  f low r a t e  up t o  270 gpm cou ld  bc  a t t a i n e d .  Prior t o  t h i s  t e s t ,  a v e r y  

l o w  f low r a t e  tcs t  was c o n d u c t c l ,  c o n s i s t i n g  oC 20-25 gpm f o r  20 hours  t o  a s s u r e  

t h e  t e s t  f i x t u r e  was i n t a c t ,  and open t o  f low.  

A rev iew of  t h e  t c s t  d a t a ,  w n t c r  and dissolvcd gas analysts, and t h e  c o r r o s i o n  

problems i n  t h e  well r c s . i l t cd  in  n pcrcc ivcd  need to i n s e r t  a liiicr i n  t h e  w c l l  

c a s i n g .  Purpose o f  t h i s  l i n o r  is t o  prevent  l o o s ~  riist and s c a l e  from f a l l i n g  

i n t o ,  and b r i d g i n g  t h c  w c l l .  W i t h  n n  i i i s i t i a  t1iatnctc:r of 8 - i n c h e s  i n  tlic s c r e e n  

s e c t i o n ,  a 1 i n c r  of 6- jnc l ics  insitic. diaii ictcr coii ld i)c i i i s e r t c d ,  and would 

p r o v i d e  mcchanical  s t r c n g t h  to t h c  w c l l ,  i n  i1tldi~i011 LO s o l v i n g  tlie b r i d g i n g  

problcm. Norcover ,  tlic plaiincd l i n c r  a l s o  would iiicliitlc new Johnson s tccl  wcll  

scrcxm f o r  t h e  s c r c c n  s e c t i o n  of tlic w c l l .  
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A E t o r  t h e  5 - i n c h  column was removc:tl, thc! liiicr was i n s t a l l e d .  TIiis l i n e r  had 

been p r c - f a b r i c a t e d  i n  30- t o  4 0 - f e e t  lcrigtlis, w i t h  the! lowest  1 0 0 - f e e t  s e c t i o n  

c o n s i s t i n g  of  a l t e r n a t i n g  s t e e l  s c r e e n  arid s e c t i o n s  of b lank  p i p e .  ' rh i s  p o r t i o n  

o f  t h e  l i n e r  was des igned  to matcli tlie o r i g i n a l  scr-cen s e c t i o n s  from 354 t o  454 

f e e t  o f  d e p t h .  During t h e  c o u r s e  of t h e  r e p a i r  o p c r a t i o a ,  i t  was determined  

t h a t  t h e  o r i g i n a l  s chemat i c  was n o t  IncLual .  As d e p i c t e d  on t h i s  schematic, t h e  

o r i g i n a l  well dec reased  from IO-inclics t o  8- i r ichcs  i n s i d e  d i ame te r  a t  354 f e e t  

o f  d e p t h .  Ilowever, e x a c t  mcasurcmcnts made w h i l e  i n s e r t i n g  o f  s e c t i o n s  of t h e  

new l i n e r  i n d i c a t e  t h i s  dimension clinngc! o c c u r s  a t  340 f e e t  o f  d c p t h .  

Accord ingly ,  t h e  p lanned  scheme was a l ~ c r c ! d  t o  p r o v i d e  a l i n e r  s e c t i o n  from 

ground s u r f a c e  t o  400 f e e t  of d c p t h .  Tt was hoped t h a t  t h e  s c r e e n  s e c t i o n s  and 

t h e i r  l o c a t i o n  were a c c u r a t e l y  d e p j c t c d  on the o r i g i n a l  s c h e m a t i c ,  and t h e  new 

l i n e r  w i l l  match t h e  origii ial  s c r e e n  i n t e r v a l s .  Tlie cllange i n  p l a n  made d u r i n g  

r e p a i r s  was des igned  t o  o p t i m i z e  a s  milch as p o s s i b l e  i n  t h i s  u n c e r t a i n  

situation. 

The l i n e r  as f i n a l l y  installed is p o r t r n y c d  in  t h e  f o l l o w i n g  t a b l e ,  and c o n s i s t s  

o f  welded s e c t i o n s .  

S e t t i n g  Depth L i n e r  M a t e r i a l  

2 f e e t  above ground s u r f a c e  
t o  350 f e e t  

6 - i n c h  i n s i d e  d i a m e t e r ,  
sclictlulc 40 s tee l  p i p e  

350 t o  380 f e e t  6 - i n c h  s teel  s c r e e n ,  /I50 

380 t o  400 6 - i n c h  s tee l  p i p e  

400 to 410 f e e t  6 -  incli s c r e e n  sect  i o n ,  #SO 

l 'hc t o p  of  t h a  6 - i n c h  l i n e r  was tlicii scciirc?tl 1)y f l i ingcs t o  t h e  t o p  of t l ic s u r f a c e  

c a s i n g ,  arid b o l t e d  down. l'lio wvl I W , I ~  c : o n i p l o t c t l  by i n s c r t i i i g  il 4 - i n c h  d i a m e t e r  

s t ee l  p i p e  i n  t h e  t o p  of t l i c  6 -  i i i c l i  1 iri(1r. 'l'liis n l  lowcd one- inch  open a n n u l a r  

s p a c e  around the i n s e r t i o n  p i p ,  so  iis t o  a s s i i r c  o n l y  g r a v i t y  r e i n j c c t i o n .  T h i s  

i n s e r t i o n  p i p e  was connected  t o  tlic d i sposa l  p i p e l  i n e .  
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For further dotails concerning the Golf Coiirse Disposal Well see (Technica 1 

Completion Report) Testing and Repair, NNSU Geothermal Disposal Well Cold Golf 

Course Well). 

Due to the low reliability of the repaired golf course well, another injection 

well, NMSU GD-2 LRG-3648, was required. 

The primary consideration in site selection of LRG-3648 was the potential for 

degradation of domestic water samples. 

The site for the new disposal well GD-2 was selected on the basis of water 

analysis, reinjection tests utilizing the Golf Course Well (NMSU # 4 ) ,  and 

proximity to the existing disposal pipeline. If the necessary and sufficient 
.. 

conditions exist for the selected site, then the long-term effects on potable 

water supplies are expected to the minimal. 

site selected for the new disposal  well will be in the same aquifer as the 

geothermal productive wells, and that the reinjected fluid can be contained 

within that aquifer. Water analysis was conducted to compare the water quality 

of the geothermal production wells, PG-1 and PG-3, to that of the new disposal 

well. The analysis was performed by on-site conductivity measurements of water 

samples jettcd from the drilled pilot hole of the new disposal well. The 

following Table 16-5 provides a summary data which supports the conclusion that 
within experimental limits of accuracy, the wells were produced form a single 

aquifer. 

These conditions are that that the 
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W& 

PG- 1 
PG-2 

Table 16-5 

CONDUCTIVITY AND TOTAL DISSOLVED SOLIDS (TIIS) DATA, 

NMSU GEOTHERMAL WELLS 

Conduct i v i t y  

Depth (Feet) (mmhos/cm) 

850 

500 

(University Center Well) 

PG-3 866 

GD-2, LRG-3648 468 

(New Disposal Well) 840 

3.11 

3.17 

3.16 

3.12 

2.68 

2,, 000 

1,380 

2,010 

1,948 

1,787 

n 

A need existed to ascertain the new disposal well capability to accept an in- 

flow of 220-250 gpm, which is the system design geothermal flowrate. In order 

to enhance the assurance of continuous intake of 250 gpm with the limited 

available information of the well site, a nccd existed to utilize the data of 

reinjection test from the previous study of the Golf Course Well (NMSU # 4 )  which 

is located at 1/3 mile North-East of the new disposal well site. 

Reinjection test of the Golf Course Well indicated that it can accept an average 

intake of 270 gpm with the available head for gravity injection. The test also 

reviewed its transmissibility range of 8,570-9,260 gpd/ft which is very 

favorable for the reinjection mode. The new disposal well site, which is only 

1/3 mile away from the Golf Course Well, was cstimntcd to have a comparable 

range of transmissibility, and thus it will have n capability of accepting in- 

flow of 220-250 gpm. This conclusion was reinforced by results of the 

controlled reinjection test, which established that the well will accept by 

gravity injection and planned production rate of 220-240 gpm. 

The new disposal well site is located in the vicinity of the existing disposal 

pipeline which is connected to the primary heat exchanger complex. The new 
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well was connected to the pipeline by installing approximately 300 feet of 6- 

inch diameter, new asbestos-cement pipeline. 

availability, sufficient back pressure will be available at the outlet of the 

heat exchanger to provide motive force for the reinjection. Furthermore, there 

will be less frictional pressure drop for this new disposal well when compared 

to the,existing Golf Course Well since the Golf Course WeLl-zis 2,000 feet 

farther along the disposal pipeline from the Heat Exchanger building (see Figure 

16-6). 

From an analysis. of elevation head 

An analysis of well cuttings, electrical logs, temperature log and water 

analysis has revealed a clear understanding of the geothermal aquifer at this 

location. 

water bearing formations at 370 to 470 feet of depth, interspaced with cliy 

lenses. In this interval, the temperature log showed a modest but steady 

increase in temperature to 500 feet of depth. 

well was essentially isothermal. Below this horizon, a negative temperature 
gradient was noted. A massive clay lens was intersected from 725 to 790 feet of 

depth, and the negative temperature gradient was more pronounced below 760 feet 

of depth. From 790 feet to total depth of 991 feet, the pilot hole intersected a 

very tight formation of fractured rhyolite, with only minor fracture formations 

characteristic of the identical material located during- drilling of the 

production geothermal wells. 

Cuttings and electrical logs portray an alluvial fill, with distinct 

From 500 to 700 feet of depth, the 

Because of the distinct layering effect of the subsurface horizons, a concern 
existed that possibly the geothermal aquifer was underlain by a fresh water 

formation. The nature of the formation material tended to rule out this pos- 

sibility, but confirmation was needed based on water chemistry analysis. It is 

noted that the lower horizon clearly is part of the geothermal aquifer but that 

it apparently contributes very little geothermal fluid production. 

Based on the total evidence acquired, the most probable explanation for the 

temperature inversion noted is that most of the geothermal fluid is originating 

in a massive fracture formation several miles to the East in the vicinity of 

Tortugas Peak, and then is migrating through the substrata down hydrolic gra- 

dient to the Rio Grande River Basin. 

700 feet horizon at GD-2, and a distinct lateral flow probably is occurring. 

The major aquifer is a substratum above the 
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Figure 16-6 A e r i a l  Photograph  of t h e  Disposal Le11 GD-1 LRG-36L8 
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As the fluids migrate from the major fault system, they tend to cool as they 

travel away from the source, and the cooling trend is'accclerated by contract 

with the cooler substrata in the Rio Grande River valley. This theory is con- 

sistent with the chemical analysis, which shows no apparent mixing with less 

saline waters, and a consistent chemical analysis in the various NMSU wells 
located along an E-W trending line. (PG-1 is further East and is 142'F; PG-2 is 

at a midpoint and is 122'F; and GD-2 is further West and displayed a pilot hole 

mud temperature of only 89'F.) 

It should be noted however, that a well completed at GD-2 for a large volume 
discharge would very likely show a higher pumped water temperature than inferred 

from the mud log. All other NMSU geothermal wells showed the same 

characteristic; i.e., the final pumped water temperature was roughly 25 percent 

higher then the mud log temperature profile acquired at the same time as the 

electrical logs. Based on this common behavior, it would not be unrealistic to 

anticipate a pumped water temperature at GD-2 of 105 to 110'F. 

This possible temperature is reaffirmed by careful analysis of the drilling mud 

temperature (as determined during geophysical logging) compared with the pumped 

water temperature of the several geothermal production wells. The correlation 

shown in Table 16-7 is based on the logging temperature compared with final well 

temperature. This correlation is very sensitive to the amount of time that has 

elapsed after drilling mud circulation is stopped prior to the geophysical 
logging. The comparison is also affccted by the composition and weight of the 
drilling mud, the size of the pilot hole, circulation rate, and mud pit 
temperatures. In spite of these off-setting tendencies, the correlation has 

proved useful in estimating final hole production temperature. 
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Table 16-7 

MUD TEMPERATURE VS. PUMPING WATER TEMPERATURE 
NMSU GEOTHERMAL WELLS 

Mud Temperature Water Temp. Percent 

Change Remarks W& (OF) (OF) 

PG- 1 

PG-2 

PG-3 

GD-2 

115 

95 

121 

89 

142 23.4 Log acquired 30 minutes 

after circulation stopped 

118 24.2 Log acquired 30 minutes 
.. 

after circulation stopped 

145 16.5 Log acquired 3 hours 
af ter  circulation stopped 

(108 EST) (23.5 EST) Log acquired 30 minutes 
after circulation stopped 

As a result of the thorough study of the interpreted subsurface conditions and 

the conductivity measurements of water samples jetted from various depths of the 

drilled pilot hole, the disposal well GD-2 was designed to reinject the spent 
geothermal fluid to the aquifer through the screen sections at depths of 370-380 

feet and 390-470 feet. 

Controlled Testing of Direct Use Geothermal Water 

The geothermal water was tested for irrigation uses. Permission was obtained 

from the old for surface discharge of geothermal water sufficient to irrigate 

test plots. This permission was necessary in order to conduct the long-term 

experiment to assess the effects of geothermal water on various types of grass 

which are or could be used for the golf course. 

An early, limited experiment had been designed, which would have been conducted 

during the growing season of 1980. This experiment was cancelled because of the 

need to relocate the pump from the PG-2 well to the golf course well. Moreover, 

this early experiment lacked adequate controls, and was poorly designed. 
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A new cxpcrimcnt was set-up, and consistcd of a total of 12 test plots, each 

containing thc same thrce varieties of grass. A piping and sprinkler system was 

installed which permitted watering thcse test plots in individual 3-grass plots 

by using varying ratios of geothermal and tlomcstic water. This experiment was 

designed by Dr. Arden Baltenspcrger of the NHSU Agronomy Department. A 

schematic of thc test plots is shown in Figurc 16-8. 

and were brought to maturity with domestic water. 

conducted to assess the effects of geothermal water. 

Tho plots have been sodded, 

Controlled growth tests were 

To interpret Figure 16-8,  the percentage numbcr above cnch plot indicated the 

mixture of geothermal water and domestic water to be used. The figure "0%" 

indicates all domestic w'atcr, whereas ~"1OOI" means all geothermal water. 
sets of plots have been reserved for possible future irrigation using a small 

test pond filled with geothermal water. 

Three 

It was found that irrigation with geothermal water mixed with normal water is 

not recommended unless further research is done for a greater time period to 

insure that application of this water will not decrease the turf quality or 

raise soil salinity to unacceptable levels. For further information see the 

final report on evaluation of the effects of irrigation wiLli geothermal water on 

turf quality of 'tif green' bcrmuda grass 'K-31' tall fescue and white clover 

and soil salinity. (Roch Gaussion, Steve Smith, Ken O'Donnell, Dan Turnham and 

A .  A .  Baltenspcrger.) 
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Figure 16-8 
n 

R E 1 1  REP111 R E ? l  
1 L 

3.3 F t .  r j  ----- FESCrjE 

'- i l l  

0% 

TIT- 
T z T - - - -  

2 13 

I C L m  I 

55 Ft. 

A 

'I 

I 

1 
5 F t .  

TEGREE7 

2 2 - - - - -  
FESCEE 

LOOZ 
5 Ft. + 

I YLcm I 

0% lOOX sox 'F I 133 I 33 1 I 
I CLOVE3 I 1 FIT- --- 

I TIPGXEES 1 

-1 Lt. 



1 7 .  TRANSMISSION SYSTEM DESIGN 

1 7 . 1  Selection Process and Design 

A number of different routes for piping the geothermal hot water to a heat 

exchanger reinjection well and hot water storage tank complex were considered. 

The primary factors influencing the various piping schemes were cost, damage to 
the environment, pipe length, and maintenance of the maximum feasible hydraulic 

head. 

Two different pipeline routes were selected for closer analysis to bring the 

geothermal hot water to the heat exchanger. 

separate routes evaluated on the basis of length of pipeline and potential 

damage to the environment. 

These two were selected from seven 

Route 2 (see map Figure 1 7 - 1 )  was selected for analysis because it would be a 

more direct route to the heat exchanger complex, and pass close to the new 

University Center. 

geothermal hot water available to the new residence at a minimum cost in piping. 

This routing would have the advantage of making additional 

Description: Route 2 would follow Geothermal Drive from the well to the 

intersection with the existing powerline service road. At this point the 

pipeline would follow the contours at the side of an arroyo iq a northwesterly 
direction until it intersected an existing road that runs east-west on the crest 

of the hills. The cross-country distance from road to road is about 1,400 feet, 
and the pipeline could be placed in a manner such that the construction would 

not be apparent from the University Center. After reaching the crestline road, 

the pipeline would follow the road to the parking lot of the University Center 

and turn to intersect with the trench carrying the existing waterline from the 

four million gallon tank to the Rodeo Arena. The geothermal hot water pipeline 

would follow this existing waterline to the heat exchanger complex. 

Route 4 (see map, Figure 1 7 - 1 )  was selected for analysis because of minimum 

environmental impact, while minimizing distance and cost. 

maximum use of terrain slopes, and provide optimal locations for a gas 

This route would make 

separator. 
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Description: 

thence Northwest bypassing the University Center; then west along lowest portion 

of slope to the heat exchanger complex in the vicinity of the four million 

gallon water tank. 

From PG-1 west on Geothermal Drive to vicinity of plugged well; 

a. 

across number 14 fairway, entering ravine east of No. 2 tee. Branch off to 

interconnect with golf course pump house and disposal system. 

Geothermal usage loop fof golf course would head Northwest into golf course, 

b. Heated domestic water would be in same trench as geothermal water; at the 

ravine the domestic hot water pipeline would be oriented west-north-west, 

cutting across number 16 and number 17 fairway, and run west along road between 

number 17 green and number 18 tee, and then enter the utility tunnel under 

Interstate Highway-25. 

.. 

After reviewing the distance, cost, construction impact on ecology, and esthetic 

consideration, Route 4 was selected as the primary route. This route was then 

surveyed for exact location and construction elevation profiles. Cost estimates 

were then made based solely on this route. Final route selection as coordinated 

with the Physical Plant Department, was a modification of Route 1, connectingto 

Route 4 ,  and connecting with Route 2 at the heat exchanger. At this time 

approval was not granted by thecHighway Department to allow the route to pass 
under Interstate 25 through the south arroyo underpass, rather than the north 
utility underpass as shown on Figure 17-1. 

a. The pipeline route which runs from the well field past the University 

Center, connecting with the heat exchanger complex, is the most feasible and 

cost effective. This is Route 4 as depicted on attached Figure 17-1 and 17-2. 
This route also is least environmentally impacting, and offered significant 

advantages for ease of construction and maintaining hydraulic head. 

was used for all detailed route surveys and cost analysis, and for follow-on 

contractual specifications for eventual installation. 

This route 

b. 
savings compared with black steel or galvanized piping. 

Use of a pre-insulated pipeline for direct burial offers significant cost 
The final procurement 

specifications will optimize on engineering, cost, installation, and mainte- 

nance factors. 
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c. For the utility tunnel, usc of Rovanco wldcd stccl pipe, with pre- 
insulation cxccpt for the weld sections, appcars to of fe r  significant cost 

advantages in comparison with welded stccl pipc which must have insulation 

applied in place. Steel, however, is much more costly than pre-insulated 

material such as cement-asbestos. 

d .  
clean flow and minimal head loss due to fluid friction. Based on roughness 

factors as provided by the vendors, and assuming R O V A K O  steel or regular steel 

pipe for the tunnel section, head loss data havc bccln estimated. A review of 

this head loss data indicates that hcad gain due to decreasing elevation more 

than offsets the head loss due to fluid friction, except for a portion of the 

linc between the gas separator and the University Ccntcr, which is a high point 

in the pipeline route. In-line pressure assist boost pumps will be required for 
the domestic water from the storage tank, for t h e  pressurized hot water system, 

and in the future for the disposal system. 

The use of TENPTITE or ROVASCO pipe, cithcr of vliicli is cpoxy lined, provides 

e. The possible presence of dissolved gas posed a m a j o r  problem to efficient 

heat exchanger operation, because the gas coiild tcnd to separate i n  thc heat 

exchanger because of pressure and tcmpcrature drops, thus resulting in two-phase 

flow. Even if the gas is vented continuously, a sharply reduced heat exchanger 

efficiency could result. 

After the water was analyzed, it was found that D r~l~atjvely large amount of CO, 
and N are dissolved in the liquid. See Table 17-4 .  

L 

2 

Figure 17-5  is a plot of gas separation rate versus back pressure, using the 
small text fixture. A down-hole gas separator was rccommcnded by the pump 

supplier as nceded to improve pump officicncy, ilntl to facilitate gas separation. 

From available data as depicted in Figurc. 1 7 - 5 ,  the down-hole gas separator 

appears to offer negligible improvcmcnt in controlling gas scparation, since thc 

gas generation rate nt the surface remained clfcctivcly utichangcd by the use of 
the gas separator. 
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Table 17-4 
GAS COMPOSITION, DISSOLVED IN LIQUID 

(Preliminary Values) 

Composition, moles per liter Compos it icn mqu 

Gas -- PG - 1 ( /i 1 1 i’: PG-l(j.21 PG-2 PG- 1 (ij 1 >” PG-l(i.2) PG-2 

c02 8 ~ 1 0 - ~  8 . 5 x d  7. 3x1f3 352 374 32 1 

N 2 3 .  3x1f4 5. 2x1f4 5.2X10 3.24 14.56 14.56 

Argon 6.4x10-’ 8 .  5 ~ 1 0 - ~  3.3x10+ 0.256 0.34 0.372 

He 1 ium 1.3~10-~ - 5. 1x10-6 5.2~10 0 * 005 0.0204 

O2 6.6x10-‘ 1.3~10-~ 7. ?x10-‘ 0.021 0.042 0.013 

- 3  

Neon 5 . 2 ~ 1 0 - ~  4 . 7 ~ 1 0 - ~  3 .  1x10-6 0.105 0.188 - 0.284 
0,0208 -0 - 

-5 Krypton 4.8~10 -lo 5 . 1 ~ 1 0 - ~ ~  3 . 1 ~ 1 0 - ~ ~  &.Ox10 4.3x10-’ 2.6x10 -5 

Also  depicted by a star on Figure 17-5 is the single datum obtained before the 
down-hole gas separator was installed. 
through the down-hole separator resulted in a small.but significant decrease 
in overall pump efficiency. For design purposes; the controlled experiments 
lead t o  the  conclusion that an increase in back pressure, and a corresponding 
increase in the magnitude of the pressure drop across the orifice (construction 
valve) would result in maximizing the rate of ‘gas separation. 
the rate of gas separation is more strongly affected by.the size of the pressure 
drop, but the best rate of separation is obtained where the final pressure is 
slightly above atmospheric pressure. I f  these conclusions are correct, the 
desired state is to obtain a back pressure at the entrance to the gas separator 
of 80 to 100 psig (consistent with overall energy needs of the well pump needed 
to provide this back pressure) and to allow the fluid to rapidly expand to 
atmospheric pressure. (See also Figure 28-1 which provides data on actual 
performance of the installed gas separator complex.) 

The energy required to pump the water 

From the data, 
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The design of the gas separator was based on the following parameters. L3 
(1) The tank should be of significant volume to handle 200 gpm of fluid, and 

retain sufficient vapor volume to facilitate gas separation. 

(2) Constant liquid volume should be available to provide a water level at a 

minimum of four feet of water over the pump suction on the discharge line. 

( 3 )  Since the tank should be maintained very slightly above atmospheric 

pressure, a gas vent valve system must be installed to allow gas to vent 

freely from the system. 
( 4 )  The tank will handle flow from either well, and provision must be made for 

well pump cut-off if the liquid level rises above a preset maximum. 
( 5 )  Elevation head will be available from the outlet of the gas separator to 

the heat exchanger, so that the pressure drop across the heat exchanger can 

be accommodated. However, minor fluctuations in well pump output, and the 

need to provide constant head above the gas separator discharge, might 

necessitate a small in-line pump. 

( 6 )  It is desirable that all, or as many as practicable, of the controls and 

mechanical items be co-located. The logical and desirable location is 

immediately adjacent to the gas separator. 

The gas separator and attendant valve and fittings must be insulated, and 

buried. This burial is both for insulation purposes, elevation head 

purposes, and esthetic reasons. 

(7) 

The f i n a l  d e s i g n  parameters were as f o l l o w s :  

(1) An epoxy coated interior, steel tank, 12 feet in diameter and 6 feet long 

will satisfy the minimum requirements. This tank will be buried with the 

12-foot axis vertical. Figure 17-6 is a simplified drawing of this 

installation. The tank will be insulated with 2-inches of polyurethane 

foam sprayed on before burial. Vapor barriers will be Diathon or equiva- 

lent. 

( 2 )  The tank will be installed adjacent to the pump house for well PG-1, and 
located approximately 30 feet to the west, alongside Geothermal Road. 

Taking advantage of natural terrain features, the elevation will minimize 

burial depth requirements for the gas separator discharge lines which must 

exit approximately eleven feet below normal grade. 
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( 3 )  To facilitate location of controls, for insulation purposes, and for 

physical security, the tank will be encloscd by an equipment well on one 

end. Access will be through a 

roof hatch. The bottom and three side walls will be pre-cast (tilt-slab) 

This well is 12 feet decp, and 12 feat long. 

concrete, coated with D vnpor barrier before instn!lotion. The fourth 

wall, abutting the gas separator tank, will bo concrcte block. All pimps,  

pncumatic valves, connections to both wclls, arid gas separator irilct and 

outlet pipes will be located in the equipment well. In addition, an 

inspection port for the gas separator will be accessible from the equipment 

well. 

( 4 )  Concerning controls, Figures 17-6 and 17-7 arc schcmntics of the system, 

depicting major controls. Not depicted are manual isolation valves, check 

valves, and ot;her minor system controls. Tliosc will be finalized as pa-rt 

of the procurement package. 

For further details concerning the gas separator design see EMD 2-68-2207 

Report. 
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18. DISTRIBUTION SYSTEM DESIGN 

18.1 Design Section 

The Distribution System is made up of thrce major elcments, the heat exchangers 

(primary and pool), the hot water storage tank, and the tunnel pipeline. 

Heat Exchangers 

Choosing the proper heat exchanger to yield the maximum heat exchange and also 

be capable of withstanding the corrosive geothermal water required careful study 

of model types and construction. Heat exchanger suppliers were contacted, and 

their cost and performance data resulted in a design decision to use plate-type 

exchangers. These are simple, reliable, and easily maintained units. It is 

true that a conventional shell-in-tube exchanger also is reliable and easy to 

maintain, particularly if the geothermal water is  containcd in the tube side. 

However, the plate-type exchanger is capable of a closer approach temperature 

for a given cost than is the shell and tube exchanger. Bccause obtaining the 

highest possible domestic water temperature for a given cost was the primary 

consideration, a decision was made to consider only plate-type exchangers. 

Another project consideration was the use of a heat exchangers at the NMSU 

Indoor and Outdoor Pools. In order to maintain the pool water at a constant 

temperature, a heat exchange between the pool water and potable hot water must 
take place. In concept, the 

exchangers would use circulating pool water from the filter system, which will 

then be warmed by the domestic hot water. 

The heat source for the pool is domestic hot water. 

The heat exchanger size and cost quotations were obtained from possible sup- 

pliers, and the least cost and best performance quotcd was from the Trantor 

Corporation. The Trantor Corporation suggested that titanium heat exchangers be 

used since the geothermal water was considered to be quitc corrosive. However, 

through further research it was found that 316 stainless steel has almost the 

same resistance to corrosion as titanium, but for only half of the cost. 

Summary description and technical specifications are attached. See Table 18-1. 
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Table 18-1 
INDOOR POOL ItEAT EXCIIANGER 

PERFORMANCE 
Fluid Circulated 
Total Flow Rate 
Unit Flow Rate 
Specific Heat 
Specific Gravity 
Thermal Conductivity 
V i s  cos i ty 
Inlet Temperature 
Outlet Temperature 
Pressure Drop 
Operating Pressure 
Heat Exchanged 
Heat Transfer Area 
Plates Per Unit: 16 

HOT SIDE COLD SIDE 

15.00 35.00 
15.00 35.00 

Water Water 

0.999 0.399 
0.991 0.996 
0.364 0.353 
0.627 0.820 

125.00 77.00 
92.00 91.09 
, 1.80 7 .SO 
0 0 

245639.1 
13.1 sq./ft. per unit 

CONSTRUCTION 
Design Pressure 100 psig 
Test Pressure 150 p s i g  
Design Temperature 250 O F  

Unit Net Weight 350.8 pounds 

UNIT DIMENSIONS 
A (Max) 
A (Min) 
B 
C 
T 

MATER I ALS 
Plates 
Gaskets 
Nozzles 
Frame 
Bars 
Bolts 

2.079 
1.353 
10.938 

1.000 
-- 

316SS 
NBR 
3 16L 
CS Epoxy Painted 
Stainless Steel Clad 
ZN Plated CS 

BTU/hr. ft. OF 
C.P. at avg.temp. 
OF 

O F  

PS ig 
PS ig 
BTU/hr./unit 

n 
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PERFORMANCE 
Fluid Circulated 
Total Flow Rate 
Unit Flow Rate 
Specific Heat 
Specific Gravity 
Thermal Conductivity 

Viscosity 

Inlet Temperature 
Outlet Temperature 
Pressure Drop 
Operating Pressure 
Heat Exchanged 
Plates Per Unit: 44 

O F  

avg. temp. 

CONSTRUCTION 
Design Pressure 
Test Pressure 
Design Temperature 
Unit Net Weight 
39.3 Sq./Ft. Per Unit 

UNIT DIMENSIONS 
A (Max) 
A (Min) 
B 
C 
T 

MATERIALS 
Plates 
Gaskets 
Nozzles 
Frame 
Bars 
Bolts 

Table 18-1 (Cont'd) 
OUTDOOR POOL HEAT EXCHANGER 

HOT SIDE 
Water 

50.00 
50.00 
0.999 
0.992 
0.363 

0.633 

125.00 
90.00 
2.25 
0 

COLD SIDE 

110.00 
110.00 

Water 

0.999 
0.997 
0.351 

0.856 

72.60 
88.45 
9.99 
0 

868268.6 

100 psig 
150 psig 
250 OF 
392.2 pounds 

5.716 
5.370 
18.438 

1.000 
-- 

316% 
NBR 
316L 
CS Epoxy Painted 
Hard CR Plated CS 
ZN Plated CS 

gpm 
gpm 
BTU/lb. O F  

BTU/hr. ft. 

C.P. at 
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Table 18-1 (Cont'd) 
PRIMARY HEAT EXCHANGERS 

PERFORMANCE 
Fluid Circulated 
Total Flow Rate 
Unit Flow Rate 
Specific Heat 
Specific Gravity 
Thermal Conductivity 

Viscosity 

Inlet Temperature 
Outlet Temperature 
Pressure Drop 
Operating Pressure 
Heat Exchanged 
Plates Per Unit: 217 

OF 

avg. temp. 

HOT SIDE 

200.00 
200.00 

Water 

0.999 
0.992 
0.363 

0.633 

140.00 
I 75.00 
4.49 
0 

CONSTRUCTION 
Design Pressure 100 
Test Pressure 150 
Design Temperature 250 
Unit Net Weight 2636 
867.8 Sq./Ft. Per Unit 

UNIT DIMENSIONS 
A (Max) 
A (Min) 
B 
C 
T 

MATERIALS 
Plates 
Gaskets 
Nozz 1 es 
Frame 
Bars 
Bolts 

COLD SIDE 

200.00 
200.00 

Water 

0.999 
0.994 
0.360 

0.704 

65.00 
129.88 
4.62 
0 

6448521.0 

30.541 
28.384 
74.625 
80.625 
0.875 

316SS 
NBR 
316L 
CS Epoxy Painted 
Hard CR Plated CS 
ZN Plated CS 

BTU/hr. ft. 

C.P. at 
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Heat Exchanger 
(I'ypical) 

c 
FIClIKT: 18-3 

SCHEFIAI'IC OF IIEAT EXCIIANGER COMl'iXX 

Cold  Geotliermal 
out 

Domes t i c  
Co Id 

In 
from 

, Pump 

Domestic 
Cold 

i n  
from 
Pump 



Ilcat Exchanger nu i l t l ing 

Although a s i n g l e  cxchangcr ,  capnh lc  or hnndlii ig 200 gpm of hot water ,  was 

needed, t h e  d e s i g n  tcam f e l t  t h a t  f l e x i b i l i t y  sl iould be c r e a t e d  f o r  s p a c c  €or 

a sccorid exchanger f o r  p o s s i b l e  f u t u r e  sysLcm cxpans ion. Horcovcr,  i n - l i n e  

c i r c u l a t i o n  pumps are rcquirccl  on t h c  c o l d  w,itc!r inlc!L: s i d c ,  arid o t h e r  c o n t r o l s  

and i n s t r u m e n t a t i o n  are  n c c c s s a r y .  To mcot tlicsc s p a t i a l  r c q u i r c m e n t s ,  a 300 

s q u a r e  f e e t  b u i l d i n g  was n e c e s s a r y .  Figure 18-3 is a schemat i c  r c p r c s c n t a t i o n  

of t h e  h e a t  exchangers  complcx. 

For  f u r t h e r  d e t a i l s  conce rn ing  t h e  h e a t  cxchangcr  d e s i g n  see t h e  EMD 2-68-2207 

Repor t .  

Hot Water S t o r a g e  Tank 

From t h e  a n a l y s i s  of peak mid nvcragc flow ratcs i n  t h c  12 t a r g e t  b u i l d i n g s ,  a 

p a t t e r n  has  been e s t a b l i s h e d .  With t h c  c x c c p t i o n  o f  tlie ou tdoor  p o o l ,  a 

c y c l i c  consumption p a t t e r n  e x i s t s .  For a b r i e f  p e r i o d ,  one t o  f o u r  hour s  i n  

d u r a t i o n ,  t h e  consumption i s  a t  a sharp peak. For  thc b a l a n c e  of t h e  d a y ,  

consumption is almost  uniform cxccpL f o r  L w o  niiimr c n r l y  and l a t c  even ing  peak 

demand p e r i o d s .  T h i s  i n s t rumcn tcd  d a t a  c o l l e c t i o n  i n d i c a t e s  t h e  peak consump- 

t i o n  r a t c  is 320-400 g a l l o n s  pcr minutc ,  and Ltia 24-hour ave rage  consumption 

is  145-225 g a l l o n s  pcr m i i i u t c .  I f  t h e  ou tdoor  s w i m m i n g  pool  is exc luded ,  t h e  

pcnk is  320 g a l l o n s  p c r  minu te ,  w i t h  nn nvcrnge r a t e  of 145 g a l l o n s  p c r  minutc  

( R a t i o  of peak t o  ave rage  f l o w  ra tc  of opproximatcly 2.2). These d a t a  are  

summarizcd as f o l l o w s :  

M i n  i miim 

Avc rngc 

103 

225 

2') 

145 

Figi i rc  18-4 shows t h i s  r e l a t i o n s h i p  over a 24-liour p e r i o d .  
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The t ank  had to  be op t ima l  l y - s i z c d  t o  mcet cconomic c o n s t r u c t i o n  cor i t i i t ions .  

Othcr  des ign  c o n s i d c r a t  ion b e s i d e s  s i x c  were ns f o l l o w s :  

a. 

b .  

C .  

d .  

e. 

I n s u l a t i o n  i s  e s s c n t i n l  t o  a s s u r e  t h a t  t h c  I x n e f i c i a l  h e a t  i s  r c t a i n c d .  

P rov i s ion  must bc  madc for coristari t  r c p l c n i s l i m w t  flow a t  somc rate  lowcr 

t h a n  t h e  pcnk demand r a t c .  

To ba lance  h o t  and c o l d  w n t c r  s c r v i c c  to  t11c t a r g e t  b u i l d i n g s ,  t h e  t a n k  

and d i s t r i b u t i o n  sys tcm must  be c a p a b l e  of p r e s s u r i z a t i o n  t o  80 p s i g ,  or 

an a l t e r n a t i v e  i n - l i n e  pump used  a t  t h c  oiitlet of t h e  s t o r a g e  t a n k  t o  

ba lance  l i n e  p r e s s u r e s  w i t h  t h e  domcs t i c  cold w n t c r  sys tem.  

To s a t i s f y  c n g i n c e r i n g  r cqu i r emcn t s  for s u f f  i c i e n t  head over t h e  i n t a k e  

t o  t h e  i n - l i n e  pump, t h e  pump s u c t i o n  l i n e  from t h e  t a n k  must have d e s i g n  

p r o v i s i o n s  t o  a s s u r e  con t inuous  a v a i l a b i l i t y  o f  a t  l e a s t  f o u r  f e e t  o f  

s t a t i c  head above t h c  pump i n l e t .  I n  a d d i t i o n ,  t h e  w a t e r  i n  t h e  t a n k  

w i l l - t e n d - t o  s t r a t i f y  by t e m p e r a t u r e ,  w i t h  cooler water in t h e  lowest 

p o r t i o n .  The d e s i g n  must make p r a c t i c a l  p r o v i s i o n  t o  gua rd  a g a i n s t  

supp ly  o n l y  from t h i s  cooler p o r t i o n .  

For  back-up i n  p e r i o d s  o f  ex tcndcd  outages, p r o v i s i o n  must be made f o r  

emergency l ica t  supp ly  t o  h e a t  c o l d  w a t e r .  'I'liosc o u t a g e s  are d e f i n e d  as a 

major f a i l u r e  i n  t h e  wells or well pump, p i p e l i r i c ,  or h e a t  cxchanger  

which r e q u i r e  r e p a i r  t i m e  morc t h a n  o fcw hour s  i n  d u r a t i o n .  I m p l i c i t  i n  
t h i s  d e s i g n  f e a t u r e  is a need to  a s s u r e  c o n t i n u i t y  of h o t  w a t e r  s u p p l y  

f o r  p e r i o d s  up t o  f o u r  days  i n  duration. (Four  days  is assumed t o  be  

r e a l i s t i c  p c r i o d  of t i m e  i n  which t h e  c e n t r a l  b o i l e r  c o u l d  be brought  up 

t o  t empera tu re  from a c o l d  s t a r t . )  

Given R c o n s t a n t  i n f low of h o t  w a t c r  oiid n v a r i n b l c  demand, t h c  t ank  must bc 

l a r g e  enough t- p r o v i d e  a rcscrve f o r  l i m i t e d  d u r a t i o n  cmcrgcnc ie s ,  and t o  

m a i n t a i n  n minjmum s t a t i c  w a t e r  l c v c l  al)ove t h e  cl ischnrgc pump. A t a n k  c a p a c i t y  

o f  60,000 g a l  1011s w i l l  s a t i s f y  t h c s c  c o n d i t i o n s  i ls  clc:rincti i n  t h e  f o l l o w i n g  

pa rag raphs .  

The c a r l y  c o n c c p t u a l  d e s i g n s  of t h e  h o t  wa te r  s t o r a g o  t ank  f a c i l i t y  c o n s i d e r e d  

t h c  u s e  of o s i n g l e  c o n s t a n t  speed  pump, dcsigncxl Lo t l c l i v e r  up to  500 gpni a t  

80 p s i g ,  coniicxtcd to a b a l a n c i n g  v a l v e .  Ilowcvcr, t h i s  d c s i g n  would n o t  a l low 

for pump r e p a i r  w i t h o u t  s h u t t i n g  t h e  gcotlicrmnl sys tcm o f f .  Eloreovcr, it is a 

c o s t l y  system for c l c c t r i c i t y  usage .  
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The f i n a l  d e s i g n  used a Lotal ol f i v e  s m a l l  pumps. The d i s t r i b u t i o n  system is 

d i v i d e d  i n t o  two main loops ,  w i t h  two pumps p e r  loop.  T h i s  t y p e  of d e s i g n  

a l l o w s  pump maintenance,  w i thou t  a h o t  w a t e r  o u t a g e ,  by o p e r a t i n g  o n l y  one pump 

on each  loop. 

Also, p r e v i o u s  d e s i g n  showed a f l o a t i n g  s u c t i o n  pump i n l e t  i n  t h e  t a n k .  T h i s  

pump s u c t i o n  d e v i c e  was des igned  t o  p r o v i d e  draw-down o f  t h e  presumably h o t t e r  

water s t r a t a  i n  t h e  upper  p a r t  of t h e  t a n k .  

The f i n a l  d e s i g n  i n c o r p o r a t e d  a unique arrangement  i n  which t h e  t a n k  i n l e t  is 

connected t o  a p e r f o r a t e d  t u b e  running t h e  e n t i r e  l e n g t h  of  t h e  t a n k .  A similar 

p e r f o r a t e d  t u b e  is  used  for t h e  t a n k  o u t l e t .  

minimized and o u t l e t  f low rate  is always w i t h i n  two d e g r e e s  o f  i n l e t  tempera- 

t u r e .  See S e c t i o n  2 9 . 1  f o r  f u r t h e r  d e t a i l s .  F i g u r e  18-5 shows t h e  f i n a l  h o t  

water s t o r a g e  t a n k  d e s i g n .  

As a r e s u l t ,  thermal  l a y e r i n g  .. is 

For  f u r t h e r  d e t a i l s  concern ing  t h e  h o t  w a t e r  s t o r a g e  t a n k  see t h e  END 2-68-2207 

Repor t .  

Tunnel /Duried P i p e l i n e  D i s t r i b u t i o n  System (From The liot Water S t o r a g e  Tank) 

The p i p e l i n e  from t h e  h o t  water s t o r a g e  t a n k  to  end u s e r s  is  d i v i d e d  i n t o  a 

n o r t h  and s o u t h  loop. See  T a b l e  18-6. 

T a b l e  18-6 

North Loop 
Pan American Center  
G a r c i a  H a l l  
Women's Residence C c n t a r  
Rliodcs, Garret t ,  l lamnii  1 

South Loop 
Alumni l l a l l  
A c t  i v  i Ly Centor  
Natator ium ( Indoor  Pool/Outdoor Pool )  
Regents  
Brelanti H a l l  (convers ion  i n  p r o c e s s )  
0 '  Donne1 1 l lall  (convers ion  i n  process) 
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The s o u t h  loop raqui  res s i x - i n c h  wcldad steel  p i p e  wi th  s e p a r a t e l y  i n s t a l l e d  

i n s u l a t i o n .  The n o r t h  loop r c q u i r a s  a comhination of s i x - i n c h  b u r i e d  p r c i n s u -  

l a t e d  p i p e ,  and f o u r - i n c h  wcldcd p i p e  w i t h  s e p a r a t e l y  i n s t a l l c d  i n s u l a t i o n  i n  

t h e  u t i l i t y  t u n n e l .  The s o u t h  loop p i p e l i n c  was o v e r - s i z e d  t o  f i l l  t h e  h i g h  

Natatorium l o a d ,  i n c l u d i n g  hotli s w i m m i n g  p o o l s ,  as well as p r o v i d e  c a p a c i t y  f o r  

f u t u r e  expansion.  O'Donnell and Brclnnd IIal l  w i l l  be s e r v e d  by t h i s  s o u t h  loop. 

The C i r c u l a t i n g  pumps f o r  tlic n o r t h  and s o u t h  loops a r e  l o c a t e d  a t  t h e  h o t  water 

s t o r a g e  t ank .  A small h igh  c a p a c i t y ,  low head three Ilp piimp is  iiscd' t o  assure a 

p o s i t i v e  s ec t ion  p r e s s u r e  f o r  thc: pr imary c i r c u l a t i n g  pumps. Dual  f i v e  IIp pumps 

are i n s t a l l e d  f o r  t h e  s o u t h  loop,  and d u a l  7 . 5  lip pumps a r e  i n s t a l l e d  f o r  t h e  

n o r t h  loop.  Even though t h e  s o u t h  loop h a s  a h i g h e r  load r equ i r emen t ,  t h e  n o r t h  

loop  has  a greater amount of head to overcome. For f u r t h e r  d e t a i l s  conce rn ing  

t h e  u t i l i t y  t u n n e l  and b u r i e d  d i s t r i b u t i o n  p i p e l i n e ,  see t h e  EMD 2-68-2207 

Repor t .  
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19. APPLICATION SYSTEM DESIGN 

19.1 Selection Process and Design 

I n  all of the facilities as listed in Table 18-15 except for the Stadium 

Facilities and the Natatorium, the general retrofit dcsign used was to connect 

the domestic water into each of the facilities' cold inlet to the steam driven 

heat exchangers. This basic system of retrofit allows a quick switch from hot 

water to steam and from steam to hot water. 

The stadium facilities use the hot water for space heating and domestic hot 

water usage. 

the space heating heat exchangers, and to the cold inlet of the domestic hot 
water heat exchanger. This type of design allows for a rapid switch from steam 

to hot water. 

In this building the hot water was connected to the steam side of 

The Natatorium retrofit design required the purchase of two plate-type heat 

exchangers. Each of these heat exchangers is discussed in Section 18. The 

geothermally heated hot water is piped through each of the exchangers. 
water is circulated through each of the heat exchangers, using the pool 

filtration and circulating system. The heated pool water flows back into the 

pool, and the cooled hot water is injected by a booster pump into the domestic 
cold water. 

The pool 

The hot water is also connected with the Natatorium space heating system. A 

small TRANE heater, designed to operate with a 180°F source of hot water, is 
used for a fan-forced hot air system for the Natatorium administration space. 
separate plumbing tie was made to the hot water system used for showers. 

further details concerning the application systems design sec the END 2-68-2207 

Report. 

A 

For 
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20. PRODUC'ITON SYSTI:N COh'S'I'HUC'I'JON 

20.1 An example of the well h i d  rcquircmcnts for the production wclls is found 

in each of the technical comp1cl;ion rcports for PG-1 and PG-3. 

20.2 The as-built system is idciiticnl to thc bid rcquiremcnts found in the 

technical completion reports. 

changed slightly from the original design. A flow turbine port was added. 

Figures 20-1 and 20-2 arc thc as-built drawings for the two production wells, 

PG-1 and PG-3. 

Ilowcvor, thc well head configuration of PG-3 has 

Details concerning post construction modification are found in Section 26. 
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21. DISPOSAL SYSTEM CONSTRUCTION 

See Section 16. 
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22,  TRANSNISSION SYSTEM CONS'I'RUCTION 

Gas S e p a r a t o r  

The Gas s e p a r a t o r  was b u i l t  to d e s i g n  as r ie ta i  1c.d i n  Report  END 2-68-2207 w i t h  

t h e  e x c e p t i o n  t h a t  t h e  c i r c u l a t i n g  pumps werc not r e q u i r e d .  

Inc luded  i n  t h e  t r a n s m i s s i o n  system a r e  t h e  gas s e p a r a t o r  and t h e  p i p e l i n e  t o  

t h e  h o t  water s t o r a g e  t a n k .  

The g a s  s e p a r a t o r  was modif ied by d e l e t i n g  t h c  i n - l i n e  pump, because  adequa te  

g r a v i t y  head is a v a i l a b l e  between thc g a s  s e p a r a t o r  and t h e  pr imary h e a t  

exchangers  f o r  t h e  system to  o p c r a t c .  Tho p i p i n g  C o n f i g u r a t i o n  was changed i n  

d e t a i l ,  from Report  EMD 2-68-2207, b u t  n o t  in p r i n c i p a l .  F i g u r e  2 2 - 1  shows t h e  

a s - b u i l t  c o n f i g u r a t i o n  o f  t h e  g a s  s e p a r a t o r .  

Pos t  c o n s t r u c t i o n  m o d i f i c a t  ion to  thc gas s e p a r a t o r  b u i l d i n g  i n c l u d e s  t h e  

a d d i t i o n  of a s i d e  door  i n s t e a d  of tllc p o r t  t ha t  is located on t o p  o f  t h e  

b u i l d i n g .  

p r o v i d e s  an e a s i e r  a c c e s s .  

T h i s  door  l e a d s  t o  a new p l a t f o r m  i n  t h e  b u i l d i n g .  T h i s  new e n t r a n c e  

The p i p e l i n e  was c o n s t r u c t e d  i n  npproximiltcly two months. The route of t h e  

b u r i e d  p i p c l i i i e  was changed as showii i n  Figure 22-2.  Pcrmiss ion  was g r a n t e d  

f r o m  the State IIighway E n g i n c c r  to pass Lhrough the  south arroyo underpass, 

which i s  t h e  s h o r t e s t  r o u t e  to  t h e  campus. 

p i p e l i n e  was t o  pass throi.gh t h e  n0rt.h i i t ; l i t y  t u n n e l . )  F u r t h e r  d e t a i l s  con- 

c e r n i n g  t h e  p i p e l i n e  c o n s t r u c t i o n  arc! foiincl i n  t l ic?  Ccothermal Project Survey.  

(As d i s c u s s e d  i n  S e c t i o n  17.0,  t h e  

S c v c r a l  problems occured d u r i n g  coristriicLion of tlic p i p c l i n e .  Most o f  t h e  

problems wcrc due  to  poor wcatlicr coiiclitjons. 111 tlic L n s  Cruces  c l i m a t e  i t  is 

common f o r  f l a s h  f l o o d s  t o  OCCIIL-.  Two wotrks of tlcilny wcrc n t t r i b u t c d  t o  t h e  

f l o o d i n g  of t11c p i p e l i n e  trc:ricli. 
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2 3 .  DISTRIBUTION SYSTEM CONSTRUCTION 

P r ima ry Heat Exhanpe rs 

The p r i m a r y  h e a t  e x c h a n g e r s  were i n s t a l l e d  as de ta i l ed  i n  S e c t i o n  18. See  

F i g u r e  23-1 for h e a t  exchange r  complex as b u i l t .  

Hot Wacer S t o r a g e  Tank 

See  S e c t i o n  18. S e e  F i g u r e  23-2 for hot water storage t a n k  as b u i l t .  
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2 4 .  APPLICATION SYSI'E'I CONSTRUCTIOS i 
The a p p l i c a t i o n  system was cons truc ted  as  des igned  in  Haport E?ID 2 - 6 8 - 2 2 0 7 .  

The indivjdi ia l  u s e r  systems were cons truc tcd  as d e s c r i b e d  i n  S e c t i o n  13 of chis  

rcporr. L i t t l e  or no d i f f i c u l t y  was encoiintcrod ( luring tho  c o n s t r u c t i o n  phose 

of t h e  p r o j e c t .  

through 2 4 - 6 .  

For o s - b u i l t  example s k c t c h c s  of some u s e r s  see Figures  24-1 

, \  
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ACTIVITY MECHANICAL ROOM 

Figure 24-5 
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25. SYSTEM MA.VAGT:HENT AND ORGANIZATION 

This system is operated by the Physical Plant at New Elexico State University. 

The Physical Science Laboratory assists the Physical Plant Department in 

technical issues and future expansion. rigure 25-1 shows the organizational 

responsibilities. 
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26. PRODUCTION SYSTEM PERFORMANCE 

26.1 Performance Summary 

The New Mexico State University Geothermal Demonstration System has continued to 

perform well overall, although a well pump failure occured during aquifer 

testing. Following the early fsilure of the installed peerless 50 Hp vertical 

shaft turbine pump in PG-1 in June 1981, the 100 Hp submisible TRW-REDA pump was 
moved from PG-3 to PG-1 for a series of controlled tests. The results of testing 
showed that, with the installed TRW-REDA pump, PG-1 could produce a flow of 
clean water up to 365 gpm. Following the test results, a decision was made to 

purchase a new 100 Hp TRW-REDA pump which was installed in PG-3 in February 
1982. During the two-year monitoring period, a total of four additional pump 

failures occurred, and major well problems with PG-1. 

.. 

26.2 Data Acquisition 

Starting on 15 February 1982, the Geothermal Demonstration System was placed in 

service gradually, providing heated domestic water to eleven building complexes 

on the NMSU campus. In March 1982 the system was put on a full scale operation, 
providing additional service to the Natatorium complex which included the indoor 

and outdoor swimming pools. The system continued to perform well until May 

1982; both well pumps (in PG-1 and PG-3) failed (PG-1: 3,000 hours, and PG-3: 
1.000 hours) .  

From the inspection of the pumps at PG-1 and PG-3 after they had been removed 

from the wells and had been dismantled at the factory, a conclusion was reached 

that the failure of PG-1 pump may have been caused contributed by excessive sand 
produced during the operation. It was noticed during the operation of the pumps 
that as much as several cubic yards of sand was produced. An inspection of TV 
logs performed by a down-hole camera in both wells revealed that in PG-1, the 

screen section was broken at 803 feet of depth. These are the primary reasons 

for the excessive sand produced during the operation which may have contributed 

to the failure of the well pumps. The tear down inspection of the PG-3 pump was 
ambiguous, and cause of failure could not be determined, although no evidence 

existed of pump exposure to a sandy environment. 
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Both production wells were repaired in June 1982. The screen section of PG-1 

was cemented €rom 850 to 803 feet of depth, fromthe original screen of 695-850 

feet. The open bottom hole of PG-3 was cement plugged with the screen section 

retained at its original configuration of 750-850 feet. Prior to repairing the 
wells, temperature logs were acquired for both wells. Figure 26-1 displays the 

temperature logs of PG-1 and PG-3 as a function of depth. 

Pump tests were run on the production wells during 7-10 July 1982 to determine 

well parameters after the repairs. The results show that using 80 Hp pump with 

100 Hp motor, PG-1 produced a flow of 262 gpm safety with very little sand 

detected. Controlled flow test on PG-3 with the 100 Hp pump also show that PG-3 

could give a stable production rate of 175 gpm, which was a noticeable decline 
from the 275 to 300 gpm rate previously attained. 

A decision was made to purchase two TRW-REDA pumps ( 6 0  Hp submissible) t o  be 

installed in PG-1 and PG-3 following the well repairs and testings. Consider- 

ation was made to accommodate the design factors, unit cost, operating cost 

(electricity consumption), and long term performance. 

Testing of the wells with the new installed units was conducted during the 
period of August 24-25, 1982. 

produced a steady state flow of 270 gpm with 69 psig back pressure, and very 
little sand was produced. The pump met or exceeded specifications. The well 

and pump were fully satisfactory. 

26-2 and 26-3. 

The test result at PG-1 indicated that the well 

Details of PG-1 pump test is given in Tables 

The result of testing at PG-3 indicated that the well was capable of producing 

the desired rate of 185 gpm which is above pump minimum recommended value. This 

yield is adequate for system use since all current system needs are met with a 
125 gpm flow. Drawdown stability was recorded during the last four (4) hours of 
the test. The reported drawdown provided a situation in which, if drawdown data 
were correct, the pump water level was within 30 feet of the pump intake. This 

is a point of incipient cavitation. Since no signs of cavitation were noted, 

and the measured TDH was 31 feet (or 3.5%) greater than specified, a tentative 
conclusion is that the actual drawdown is less than measured. Details of PG-3 

pump test is given in Table 26-4. 
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Table 26-2 

PG-1 f'UNP TEST 7-10 JULY 1382 

Start Conditions 

Well Temp: 142'F 

Static Level: 322 feet 

Initial Flow (First 17 minutes) 
Flow recorders not used until flow cleaned 

Flow estimated 350 gpm for first few minutes 

Flow semi-stablized after 17 minutes, and flow meter engaged: 300 gpm 

Dynamic water level: 500 feet 

Surface discharge pressure: 0 p s i s  

Water temperatures: 140.5OF 

Large amounts of sand and cement coloration for  first two hours. 

Controlled Flow 

Flow rate: 262 gpm 

Condition One (10 hours) Surface back pressure: 125 psig 

Llyriamic level: 505 feet 
Water temperature: 140.5'F 

Specific Yield: 1.44 gpm/ft 

Condition Two (30 hours): Flow rate 250 gpm 

Surface back pressure: 150 psig 

Dynamic level: 492 feet 

Water temperature: 140.5°F 

Specific yield: 1.56 gpm/ft 

NOTE: For the entire duration of test, sand was checked at Y-strainer hourly. 

Estimated sand fraction was l/4 teaspoonful per 5 gallons, thru-out 

the test. f 
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Table 26-3 

PG-1 TESTS, 24-25 AUGUST 1382 

- Duration: 30 llours (8/24/82 - 8/25/82) 

Pump specifications: 

a.  

b .  

Description: 

Specified yield: 

motor is 60 HP, HU-6-62D, Pump is a 16-stage 1-250. 

at 262 gpm, the pump should produce 644 feet T D H .  

Feet 

5 12 Pumping Water Level : 

Well liead Back Pressure: 32 (40 Fig) 
Friction Loss : 40 - 

644 feet. TDH 

Demonstrated Yield: At 262 gpm, the pump produced the following TDH: 

Feet 
Pumping Water Level : 47 1 

Well Head Back Pressure: 159 

40 Friction Loss : - 
670 fcet TDH 

Water temperature: 142'F 
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Table 26-4 

PG-3 TEST 25-26 AUGUST 19R2 

Duration: 20 hours (8/25/82 - 8/26/82) 

Pump Specifications: 

a. 

b. Specified yield: At 185 gpm, the pump should produce at least 880 

Description: Motor is a 60 Hp, Hu-6-62D; Pump i s  a 16-stage 1-250. 

f e e t  of TDH, as follows: 

F e e t  

Piimping Water Level : 7 7 3  

Well Head Pressure: 9 2  (40 psig) 

Friction Loss: 15 - 
880 feet TDII 

Minimum recommended flow: 175 gpm 

Demonstrated Yield: At 185 gpm, the pump provided the following TDH: 

Feet 

7 34 Pumping Water Level : 

Well Head Back Pressure: 162 (70 psig) 
Friction Loss: - 15 

911 feet TDH 

Water tempcrature 144'F 
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Because of uncertainties about the drawdown valucs, startup procedures for PG-3 

were closely monitored to assure that cavitation is not occuring, particularly 

when PG-1 is also in production. One effect of the well repair was more 

interference between the wells than seen prcviously. This interference effect 

may bc visualized by examining the attached sketch in Figure 5-5  when PG-3 was 

stnrtcd on 8 August 1982 at the same time as PG-1, and both wells were operated 

simultnrieously for 2 hours. PG-3 temperatures dcclincd to 141°F, and drawdown 

rapidly incremed to 730 feet. It took 8 . 5  hours after PG-1 was stopped for the 

temperature in PG-3 to recover to 144'F. This rccovcry time duration is twice 

as long as secm during previous combined flow tests, and the effect on PG-3 was 

more pronounced duringthis latter test in tcrms of the production temperature. 
Previously , I'G-3 temperature remained at 145- 146'F. regardless of pumping 

levels in PG-1. 

\ 

The summary of key data in Table 26:s shows that PG-3 bottom hole temperaturg 

loss is (-4'F); the loss of pumping temperature is (-2'F), the loss of produc- 

tion is (320 vs.  195 gpm), and increased drawdown of (+80 feet). All data point 
to the fact that a substantial portion of PG-3 production was from the open 

hole. In addition the marked increased in interference between the wells now, 
in a combined pumping mode, is additional evidence that a significant change has 
taken place. 
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Table 26-5 

ANALYSIS OF PUNI’ING INTERFERENCE 
I 

Bottom Hole Flowing Flowing ’ 
Tc:mp. O F  Yield GPM T m p .  - O F  

I .  E3-1 ALONJ 

Original configuration 

(screen from 695-850’ 
feet) 146 365 143 

Current configuration 

(screen from 695-803) 144 275 141.5 

Bottom Ilolc, Flowing Flowing 
Tamp. OF Yicld GPM l’cmp. OF 

11. PG-3 ALONE 

Original configuration 

(screen 750-850) 
open hole 860-942)  150 .4  320 146 

Currcnt configuration 

(screen 750-850 
open hole plugged) 146.5  195 144 

PG- 1 1’G-3 , TOTAL - 

111. COMBINED YIELD (GPM) 
Original configuration 365 290 655 

Current configuration (EST) 265 150 4 15 

Drawdown at 262 GPM 

460 

47 1-478’  

Drawdown at 200 GPM 

650’  

730’ 

Combined 
Temperature 

140- 144 

i38-141 
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On 30 September 1382, after 30 hours of operation, the 60 Hp REDA pump installed 
in PG-1 failed. A comprehensive program of research was s c t  up in attempting to 

define the probable reason for premature pump failurc. Expert opinions were 

given by the following agencies or firms: 

A .  Magma Power, Emperinl Valley (Ed Zajacs) 

B .  DOE, Idaho Falls (Raft River Facility) (Bob Van Treek, and Larry 

Walrathe) 

C. Johnston Pump, Los Angles (Jock Frost) 

D. Barber - Nichols Engineering Co. (Ken Nicliols, and Senior Staff 

C hemis t ) 

Table 26-6 
DISSOLVED GAS CONTENTS IN PG-1 AND PG-3 

PG-1 

H2° 

PG-3 

Content Partial Pressure at 142OF 
(mole/ E) (cc/E) (psi 1 
8. 200 8.5 
55.56 N/A 3.3 

11.8 - TOTAL - 

Content 
(mole/ E) (CC/E) 

55.56 N/A 

9 . 8 ~ 1 0 ~ ~  220 
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2 6 . 3  Post Construction Modification 

After reviewiirg all available data, the consensus of expert opinion was that 

only the Johnston Piimp Company had the required pump expertise and successful 

performance record for geothermal well pumps. The price quoted was less than 

half the cost of a comparable TRG!-REDA pump. The cost is extremely reasonable. 

A series of controlled flow tests were conducted following the decision to 

purchase a new Johnston Pump, installed in PG-1 on 18 November 1982. Pump test 

of this unit revealed a very good result in wliich the pump pcrformance matched a 

predicted value. 

The installed Johnston pump in PG-1 continued to perform well overall. 

March 1983, the output from the pump in PG-1 started to decline (from the 
original flowrate of 215 gpm to 144 gpm at a back pressure of 60 ps ig ) ,  and the 

well head pressure had progressively rediiced. After a series of controlled flow 
tests, a conclusion was reached that apparently the pump column had a break, 

which was allowing fluid to escape, thus reducing thc production rate as well as 

well head pressure. On 28 Harch 1983, the system was switched to the back-up 
well, PG-3, and the pump was removed from PG-1. Water analysis revealed the II S 2 
concentration had increased, resulting in increased corrosion. 

In early 

Inspection of the pump and pump coliimri rcvcalcd scvcral problems as follows: 

'a. The first three joints above the pump in the pump column were leaking 

badly at the couplings. This situation resulted in first a loss of 
well head pressure, and subsequently a loss in production. Just 

before the pump was pulled, production had dcclinad to 150 gpm. 

b. Sand had eroded the pump bearings at the top stage, which allowed the 

throttle bushing to be eroded. Iicnce, water was able to enter the oil 

tube, and cause severe corrosion of the pump shaft and bearings. No 

other damage had resulted to the pump. 

c. Almost 80 percent of the pump column couplings showed evidence of 

erosion, in the threaded portion of the column pipe. 
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Based on the inspection, the pump was rebuilt using hard-faced bearings above 

and below the throttle bushing, and similar hard-faced bearings installed every 

five feet on the pump shaft. The threaded and coupled column was replaced by 

flanged fittings with O-rings for the lowest 160 feet of pump column. The 

column pipe was coated with epoxy on exterior and interior surfaces. When the 

pump was reinstalled, a special sand screen was installed on the pump suction, 
consisting of 6.5 feet of #lo Johnson stainless steel wire screen. This special 
sand screen would help eliminate all sand larger than 0.010 inches, which is now 

able to enter the regular well screen which has perforations 0.0625 inches. 

Moreover, the well pumping rate was to be controlled to a lower production rate 
of 150-165 gpm, which appearedto cause less sand to be pumped during controlled 

testing in March. 

Subsequently, the repaired pump was reinstalled during Labor Day weekend, 1983. 

Repeated attempts were made to conduct a flow test, but excessive sand 
production caused each attempt to fail. The pump was shipped to the vendor 

facility in Salt Lake City, for inspection. Upon disassembly, a large amount of 

silt, fine sand, and scale was noted, completely plugging the pump. It was 

cleaned, and shipped back to NMSU. The pump will be reinstalled in late May, 
1984. 
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2 7 .  DISPOSAL SYSTEh PERFORMANCE 

A great deal o€ testing went into the design of the disposal system. 

and performance evaluation are discussed in detail in Scction 16. 

T h e s e  t e s t s  
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28. TRANSMISS I O N  SYSTEM PERFORMANCE 

Gas Separator 

Approximately 200 cubic centimeters (CC) of C02,  plus nitrogen and traces of 

other gases are dissolved in each liter of the geothermal water. These dis- 

solved gases, which may degrade the performance of the heat exchanger, and which 

represent a potential problem of hydraulic hammer in the pipe-lines, are removed 

by the gas separator. 

Testing of the installed gas separator/surge tank was completed by September 

2’ 1381. Under measured conditions, approximately 100 cubic centimeters of CO 

nitrogen and traces of other gases were removed per liter of geothermal water. 
. 

A coordinated testing procedure was carried out to determine the performance of 

the gas separator. Under controlled conditions, the pressure drop was varied- 
across the final valve leading to the gas separator tank. Five tests were 

conducted, with the system allowed to reach equilibrium between each test. 

Pressure drops of 40, 145, 270, 315, and 400 psig were set, and after 

equilibrium conditions were reached, water samples were taken at the exit side 

of the separator tank. These samples were analyzed for quantities of di-ssolved 

gases. 

As can be seen from the testing results which were plotted in Figure 28-1, the 
gas separation rate increases with increasing pressure drop until a null point 

was reached at approximately 200 psig. Thereafter, increasing the pressure drop 

resulted in a gradually decreasing level of CO separation. Explanation of this 

phenomenon is that the larger pressure drops caused proportionally larger fluid 
vclocitics, which then caused violent stirring action in the small tank. Under 

these conditions, C02 was entrained in the fluid in frothy bubbles, and did not 
separate totally from the fluid. 

2 

Under normal system operation, pressure drop is set at 80-100 psig which 

corresponds to a gas separation rate of 80 cubic centimeters/liter of fluid. 

Residual CO remained in the geothermal fluid is thus approximately 120 cubic 

Centimeters per liter. From controlled laboratory tests, this residual amount 

is subject to a slow release process, which can take up to two weeks in an open 

environment. 

2 
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GAS SEPARATOR 

MAINTENANCE 

Purpose: To remove the inspection plate, and clean the gas separator tank. 
Also, to disassemble and inspect the Jamosbury valve. 

Inspection Results: 

of fine sand. This sand most likely came from PG-1. In this sand were small 

flecks of metal which came from erosion of the nipple and Jamesbury valve. The 

epoxy coating on the tank interior was intact, and showed no visible evidence of 

peeling of flaking. The portion of the tank below normal water level had minor 

rust stains, evidence of the high iron content of the geothermal water. The 

Jamesbury valve (stainless steel) showed no evidence of corrosion. However, 
there was a visible mark on the exit nipple, which is the point which - 
experiences the highest fluid velocity. Entrained sand in this water would 

cause such scouring. 

The bottom of the tank contained a 6-inch deep accumulation 

Recommendations: 

1) The Gas Separator tank should be drained and cleaned at least once 

every six months. 

2) Because of the possible scouring actions, the Jamesbury valve should 

be examined every three months. If subsequent checks indicate erosion 

problems, considerations should be given to buying a stand-by 

replacement spare. 
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('d 2 9 .  IlISTRIIiUTION SYSTEM PERFORHANCE 

23.1 Performance Summary 

Primary Heat Exchangers 

Tests were conducted 31 March 1382 to dctcrminc the tcmpcrnturc of domestic hot 

water at various flow rates for n constant gcothcrmal flow rate of 275 gpm. At 
75 gpm thc delivered temperature WRS 140'F and was 137'1: at 235 'gprn. The 

temperature drops sharply above this rate, 130'F for 300 gpm, and 120'F for 340 

gpm. These heat exchangers have been tested extensively at various flow rates, 
and have given an excellent performance. Figure 29-1 depicts the results of a 
controlled flow test to assess both the lieat exchanger performance as well as 

the heat loss in the 6,200 feet of insulated pipeline from the heat exchanger 
building to the hot water storage tank. As can bo noted, a constant rate of- 

geothermal of 245 gpm prodliceti oitly n 4'F tampcratiirc loss in the sweet water 

arriving at the storage tank. A t  very high (300 gpm) flow rates, the exchanger 

was able to provide 133'F water at t l 1 c  storage tank. Even at low flow rates (25 
gpm) the system was able to deliver 130'F water to the storage tank. 

Summarizing the data in another way, at thc constant flow rate of 240 gpm and 

141. S'F, the heat exchangers provided 0.5 to 1. O'F approach temperature at cold 

side flow rates of 200 gpm. Even with il cold side flow rate of 300 gpm, the 
exchangers dolivcrcd an approach tcrnpcrnturc of 3OF. 
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Hot Water Storage Tank 
L3 

Several tests were performed during the period of February - March, 1982 to 
determine the performance of the hot water storage tank. The heat retention 

tests of the storage tank which were conducted in February 1982 show that the 

storage tank performed better than originally estimated. Testing of the 
emergency back-up supply of the storage tank yhich was carried out by a simii- 

lated heat exchanger or well pump outage on March 19, 1982 indicates that the 

system could provide the reserved hot water for limited duration emergencies. 

Figures 29-2 and 29-3 depict the tank water temperature stratification after 

shut-down tests of 64 and 134 hours. 

Instrumentation and Controls 

Instrumentation and controls for the,geothermal system were installed at a coct 

of $45,000. These items are an integral part of the NMSU Energy Management 
System (EMS). Critical temperatures and flow rate data are routed to Remote 

Access Units (RAU); these are linked to the Central Steam Plant to provide 24- 
hour monitoring. 

Fail-safe controls are installed at four critical points to stop the system to 

prevent damage or loss. The RAUs could provide instant alarms to maintenance 

personnel to take corrective action. These critical areas and protection 
provided are : 

At each well, automatic controls diveft well flow back into the well if 
malfunction occurs. These controls protect against over-pressurization 
(300-400 psi) of the well head equipment and pipelines. 

At the gas separator, a liquid level indicator and control stops flow if 

the surge tank starts to overfill. 

At the heat exchangers, the geothermal loop is prevented from draining 

completely which could cause negative pressure and cause severe damage to 

the exchangers. A pressure-response motorized valve closes if feed line 

pressure drops due to a malfunction at the gas separator. Also installed 

are flow meters and temperature sensors which are linked to the EMS System. 
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At the storage tank, flow is stopped if wells or heat exchangers mal- 

function, to prevent thousands of gallons of cold water from filling the 

tank, distribution lines, and domestic lines. Moreover, if an electrical 

power outage occurs, a pressure regulating valve will automatically open on 

a low pressure sensing when the circulating pumps stop. This action 

permits a water flow rate to the distribution system so that these steel 

lines do not empty. 
tank. 

This flow is driven by gravity head from the storage 

As an additional control, a temperature-sensing motorized valve will close 

on the storage tank supply line if a well field malfunction causes the 
geothermal flow to stop, thus preventing cold domestic water from passing 

through the heat exchangers and into the tank. The large tank is protected 
from over-filling by four independent systems. Two different systems, each 
with a control valve, sense liquid level. I f  both systems fail and the- 
tank overflows, a sump pump is activated automatically to pump the excess 

water to thk above-ground system and curb drain. In addition, a "high 

water" scnsor has been installed which signals an alarm if as little as two 
inches of water are in the equipment well. 

System Maintenance 

Based on experience gained installing and operating the system, preventive 

maintenance procedures and schedules have been developed. The results of 

inspections and the resulting recommendations are given for the primary heat 

exchangers, the swimming pool heat exchangers, and the gas separator. 

PRIMARY HEAT EXCHANGERS 

PlA I NTENANCE 

Purpose: Both exchangers 

have had at least 2,000 hours of operation. The North exchanger previously was 
disassembled and cleaned at 500 hours, the South exchanger was left uncleaned 

for a comparison. 

To disassemble and clean the two primary exchangers. 
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Inspection Results: Both exchangers are in excellent condition. No corrosion 
was detected. Both exchangers had a deposition, consisting of a soft silica/ 

carbonate material, and the thin coating wiped off easily with a damp cloth. 

The stainless steel plates had a minor stain of iron, which did not appear to 
penetrate the stainless steel surface. 

build-up of sand on the domestic (cold) water side. 

from the fact that the inlet is from the bottom of the large water tank. 

, 
Both exchangers had a rather substantial 

This sand problem results 

Recommendations: 

1) If technically feasible, replace the Y-strainer screen with a finer 
mesh screen. This could keep most of the sand out of the exchanger. 

2) The large four-million gallon tank possibly is overdue for cleaning. 

3) Based on conditions found, it would be appropriate to clean each 
exchanger annually. The exchangers possibly could be used for a 
longer time period; however, the deposition of the silica/ carbonate 
material may degrade the performance of the heat exchangers since this 
deposited coating increases the resistance to heat transfer (i.e. it 
decreases the overall heat transfer coefficient). Also, the sand 

build-up can result in excessive pressure drop. In addition, the 
sharp-edged sand grains will scratch the stainless plates, which 
could lead to accelerated corrosion. 
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c3 3 0 .  

30.1  

APPLICATION SYSTEM PERFORMANCE 

P e r f  ormance Summary 

The indoor  pool is  hea ted  by t h e  250,000 Btu/hr  exchanger .  The outdoor  pool  is 

hea ted  by an i n s t a l l e d  one -mi l l i on  Btu/hr  exchanger .  During t e s t s  i n  t h e  week 

of  29 March 1382 t h e  indoor pool tempera ture  was h e l d  w i t h i n  1°F o f  t h e  optimum 

80°F ternpcrature .  The outdoor  pool  can be  used f o r  s e v e r a l  months more i n  

s p r i n g  and f a l l  us ing  t h e  geothermal h e a t .  

t o  handle  double  t h e  c u r r e n t  h e a t  load .  

The h e a t  exchanger has  t h e  c a p a c i t y  

3 0 . 2  Data Acqu i s i t i on  

Upon d isasscmbly  a f t e r  1 ,500 hours  of  o p e r a t i o n ,  t h e  outdoor  pool  exchanger 

con ta ined  a l a r g e  amount of  d e b r i s  on t h e  swimming pool  s i d e .  Fore ign  matter"  

inc luded  f e a t h e r s ,  h a i r ,  l eaves ,  g r a s s ,  and one l a r g e - s i z e d  pebb le  roughly 1- 

inch  long by 4- inch wide and t h i c k .  No v i s i b l e  c o r r o s i o n  e x i s t e d ,  bu t  t h e  

d e b r i s  bu i ldup  undoubtcdly was caus ing  excess ive  p r e s s u r e  d rop .  I t  i s  noted  

t h a t  t h i s  exchanger i n t e r r u p t s  pool  water  j u s t  be fo re  t h e  wa te r  reaches  t h e  

poo l .  In  t h i s  mode, t h e  h e a t  exchanger is a c t i n g  a s  a f i n a l  f i l t e r .  The indoor  

pool exchanger conta ined  no f o r e i g n  m a t t e r ,  and was f r e e  of  v i s i b l e  c o r r o s i o n .  

3 0 . 3  Post  Cons t ruc t ion  Modif ica t ion  

The outdoor  pool exchanger should  be d isassembled  and c l eaned  p r i o r  t o  

each scheduled s e r v i c e ,  o r  a t  t h e  end of  service as was done t h i s  

tirnc. I f  a f u t u r e  d e c i s i o n  i s  made t o  o p e r a t e  t h e  poo l  over  an e n t i r e  

w in te r  s eason ,  t h e  exchanger should  be  c leaned  a t  t h e  end o f  each 60- 

day c y c l e .  

Bascd on i n s p e c t i o n  r e s u l t s ,  t h e  indoor  pool  exchanger  should be  

c leaned  twice a season;  a t  t h e  end o f  Spr ing ,  and d u r i n g  t h e  

Chris tmas b reak .  

I n s t a l l  a Y - s t r a i n e r  between t h e  pool  c i r c u l a t o r y  system and t h e  h e a t  

exchanger .  
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4 )  Increase the heat transfer area of the outdoor pool exchanger by 

adding 8 plates, at $60 per plate. Results were an increased 
efficiency, and ability to extract up to 825,000 Btu per hour, plus 
facilitating reinjection of the cooled hot side water into the 

domestic water system at 95'F rather than the unacceptability high 

105'F previously used. Additional plates also provide capability to 

provide up to 1 . 5  million BTU per hour for cold start-up. 
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31. CONSTRUCTJON COSTS 

31.1 General 

The installed system has a total cost of $1,360,000. By component, this cost is 

displayed in the following Table, 31-1. (This table takes the place of  Section 

31.1 through 31.5 in the PON Report format). 

Table 31-1 
GEOTHERMAL DEMONSTRATION SYSTEM COSTS 

AND COMPLETION DATES OF SUBSYSTEM 

Completion Budgeted Actual 
Subsys tem Date cost cost 

Pipe1 ine 

Buried 

Tunne 1 

Gas Separator 

Hot Water Storage Tank 

Aug 81 255,000 230,000 

Dec 81 35,000 175,000 

Sep 81 11,000 25,000 

Jan 82 76,700 109,300 
(Includes Equipment Room) 

2 Well Pump and Installation May 81 50,000 85,000 
Pump lfouse May 81 2,500 

Power Line Nay 81 13,560 15,780 

Primary Heat Exchangers Oct 81 48,000 32,000 
O u t d o o r  Pool Heat Exchanger J a n  82 6,000 6 , 0 0 0  

Indoor Pool Heat Exchanger Jan 82 2,200 2,200 
Heat Exchanger Equipment Building Oct 81 22,500 10,200 

Instrumcntation 

Building Retrofit 

Golf Course Disposal Well 

New Disposal Well GD-2 

Local Transportation 
and Equipment Rental 

Contingcncy (New well pumps and 

Natatorium and football staduim heating) 

July 82’ 13,000 45,000 

Feb 82 30,000 17,500 

Dec 81 23,000 15,000 

Dec 82 70,000 70,000 

15,315 35,000 

60,765 60,765 

NOTE 1. Instrumentation completed by contractor not part of geothermal team. 

2. Replacement for Peerless well pump, which failed in Aug 82. 

31 - 1 



31.2 Major Cost Variances During Construction 

Various project management decisions made before and during the construction 

phase resulted in savings sufficient to offset cost increases in some areas and 

ensure project completion within budget. 

The project was completed early; within 7.5 months after the start of construc- 

tion the system provided benficial use. Further, two space-heating users were 

added to the system within the original budget. 

Savings from accelerated procurement were realized as follows: 

Insulated Pipeline $44,000 

Heat Exchangers ~ l 0 , O O O  

Well Pump 8,000 

TOTAL $62,000 

A contingency reserve of $60,000 was budgeted as part of the $829,000 appropri- 
at ion. 

There were cost increases for some budgeted items and additional expenses not 

included in the original budget. The major cost increases for budgeted items 

include : 

Componen t 

Pipeline 

Budgeted Actual Cost Increase 

$350,000 $405,000 $ 55,000 

Hot Water Tank 76,700 109,300 32,000 
Instrumentation 13,000 45,000 32,000 

Well Pumps 50,000 85,000 35,000 
Gas Separator 11,000 25,000 14,000 

$168,600 

The largost cost increase was in the pipeline. These costs were driven by 

change orders, which are summarized as follows. (In each case, the change 

represents a deviation from the original pipeline configuration which formed the 

basis for the budgeting estimate.) 
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a. 

b. 

C. 

d. 

C .  

For the 

Chaiige in route of the line from the Gas Separator to the President's 

House. Added 450 feet, or $8,500 to cost. 

Change in route from the Heat Exchanger to the hot water storage tank, 

to n route through Tortugas Arroyo. Added 500 feet, and two weeks 

surveying for total cost of $10,500. 

Change in route to Football Stadium and North Loop. Added 850 feet 

and $12,500 to cost. This change, however was a better long term 
design. Also enabled the system to provide space heating to the 

stadium . 

Change in location of utility tunnel portion. (The approved location 

was used by the EMS contractor to route his conduit. Change to a milch 
more labor intensive locgtion was required.) This resulted in 

fittings and labor added costs of almost $16,000. 

Insulation of the TEMPTITE joints. This change resulted in an 

additional cost of $ 7 , 5 0 0 .  

large hot water tank, the extra cost resulted from higher than expected 

equipment room costs and the combination of design changes, as well as subcon- 

tractor delays. The tank originally was to be delivered by 15 September, and 
emplaced by 25 September. After changing dirt contractors, the tank w a s  

emplaced and back-filled in early January, 1982. 

The instrumentation cost increase was caused by the requirement that the geo- 

thermal instrumentation be compatible (identical) to the EMS. As eventually 

negotiated, the direct PSL plus EMS cost was $45,000, which was some $32,000 

higher than tlie budget. Even at that, the final negotiated cost was almost 

$15,000 less than the original price quotation by the EMS contractor. 

The Peerless pump in production well PG-1 failed July 1981. The 100 hp pump in 

production well PG-3  was moved to PG-1 and a new 100 hp pump was installed in 
PG-3. 
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The cost increases on the Gas Separator resulted from an extraordinarily high 

cost for the contract welder, and for NMSU foaming crews. The tank itself was 

within budgetary estimates. 

Expenses not in the original budget include: 

Leave and Fringe Benefits 

Leave and fringe benefits accruals for temporary workers, who do not 
qualify for these benefits, were not included in the original budget. 

change in accounting procedures, made after the contract work was started 

required that charges for these items be made. This charge for the 25 

temporary employees was more than $31,000. This was not a stand-alone 

cost, however,as this unexpected cost was spread among all portions of the 
construction contract. 

A 

Instrumentation for President's Home 

At Physical Plant Department (PPD) request, instrumentation was installed to 
monitor the President's pump house. 

analyze the data, was more than $1,200. 

This cost, including the cost to reduce and 

Pull and Replace President's Well Pump 

Two separate times, the President's well pump was pulled and replaced. The cost 
for this was comparable to the price charged by Aqua Drilling of $280.00 for 
each installation or removal. The cost for this was $1,100. 

Water Cost for Trial Disposal Test 

The project was charged $3,800 for 1.5 million gallons of water used in a trial 
disposal test of the Golf Course Well in September 1981. 

Operation of System 

Nearly half of the February 1982 expense and all the March and April 1982 labor 

expenses represented work required to operate the system; this included many 
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temporary changes put in for the "Start-Stop" mode used. Labor and materials 
charges attributable to system operation for this period were more than $30,000. 

PSL Overhead Charges 

Under the PSL accounting system, some 16% of direct labor charges are assessed 
as an overhead charge termed "Allocated Direct Labor." 

charges were ruled not applicable to the project. Subsequently, in May 1982, 
the decision was reversed. Thus, the indirect charges represented a major, 

unforecasted budget cost of $33,000. 

In May 1981, these 

These expenses are summarized in Table 31-2. 

Table 31-2 
ADDITIONAL EXPENSE 

ITEM COST 

Leave and Fringe Benefits $ 31,000 

Instrumentation for President's Pump House 1,200 
Pull and Replace President's Well Pump (two times) 1,100 
Water Cost for Trial Disposal (1.5 million gallons) 3,800 
Operation of System (15 February - 27 April) 30,000 
PSL Overhead Charges (ADL) 33,000 

3 100,100 
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3 2 .  OPERATING AND MAINTENANCE COSTS 

32.1 Summary 

In general, capital investments are considered on the basis of expected returns. 

These returns are essentially cash flows generated by the investment. Yearly 

system operating costs affect the net cash flow. In the Geothermal 

Demonstration System the investment cost for each major capital item is given 

with a brief description of performance or capability obtained for that cost. 

The net return generated by this system is the net saving or offset of natural 
gas consumed by the Central Heating and Cooling Plant. 

Significant system operating costs include electricity, technician labor, and 
maintenance expense. Although depreciation is not a cash outlay as are the 

other expenses listed, consideration is made for replacement of items having-a 

useful life of twenty years or less. The investment cost and associated 

performance are given for each capital item in the Geothermal System. This is 

done to indicate the cost for a given level of performance or capability and to 

provide a reference for future expansion. As the wells, the gas separator tank, 
and the water transmission line should have lives greater than twenty years, 

these items are not included in depreciation expense. For other system 

components the investment cost is divided by the useful life to determine a 
yearly depreciation cost. No salvage value is assumed. A depreciation cost is 
developed as part of the effort to determine a realistic yearly operating cost. 

Electricity costs are documented in detail to illustrate the cost for various 

items in the system aiid for future system expansion. As part of the process of 
bringiiig the system on line and operating for an extended period, maintenance 
schedules have bcen developed for system components. From this, maintenance 

expense and technician labor required for system operation have been determined. 

Well and pump repairs with the associated costs are treated separately, as many 

of these should not be recurring costs if the system is to continue to be 

operated. 
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32.2 Operating Cost 

E 1 ec t r ic i ty Cost 

The geothermal system electric costs are due primarily to cost of operating 

pumps, both the well pumps and the various system pumps. The yearly operating 

costs have been determined based on current rates. The calculations are given 

in detail such that for change in either demand or consumption rate new costs 

can be easily determined. A significant saving of $14,00O/year could be 
effected by NMSU ownership of the power transmission line from Locust Street to 

the production wells. 

The original electricity cost estimate was based on the following quotation 

provided by E l  Paso Electricity Company on 7 April 1980: 

Demand Charge : 
Consumption Charge: $0.026 per kwh. 

$6.54 per kw per month for one 50 Hp well pump. 

The current estimate made use of January 1983 rates as follows: 

Demand Charge : 

Consumption Charge: 

Well Field Locust Sub-station 

$ 9.15/kw/month $ 6.06/kw/month 

$ 0.0553/kwh $ 0.0306/kwh 

Monthly electricity costs are listed in the following Table 32-1. Because the 

metered service for the two well pumps also serves the Rodeo Arena, these latter 

costs are separately identified. 

n 
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Table 32-1 
Well Pumping E l e c t r i c i t y  Costs 

ADJUSTMENT MONTHLY USAGE MONTHLY USAGE 
DATE MONTHLY 81LLING FOR OVERCHARGE RODEO ARENA GEOTHERMAL WELLS 

FEB 82 $ 3,801.13 $ 516.11 $ 3,285.02 
MAR 2,453.16 607.06 1,846.10 
APR 4,834.76 516.11 4,318.65 
MAY 2,581.72 516.11 2.065.61 

------- ------- ------- ------- 
JUN 

TOTAL 
1.419 29 

$Tcmm 
539.93 

539.93 
Actual  b i  11 i n g  from Feb 82 t o  Jun 82 = $14,550.13 

NEW FISCAL YEAR 

JUL 82 
AUG 
SEP 
OCT 
NOV 
DEC 
JAN 83 
FEB 
MAR 
APR 
MAY 
JUN 

TOTAL 

$ 1,586.25 
2,906.48 
3,834.91 
3,779.51 
3,457.35 
3,573.81 
3,289.75 
2,947.26 
3,495.61 
3,152.23 
2,363.76 
1.376 21 

nc7m3 

Actual  b i l l i n g  from J u l  82 t o  Jun 83 = $32,523.55 

607.06 
5 2  ,'/62.45 

$ 516.11 
516.11 
516.11 
516.11 
516.11 
516.11 
516.11 
516.11 
607.06 
516.11 
516.11 
516.11 

$6,284.21 

272.30 
311,78/. 6s 

5 530.21 
1,850.4 
2,778.87 
2,723.47 
2,401.31 
2,517.77 
2,773.64 
2,431.15 
2,888.55 
2,636.12 
1,847.65 

860.10 
3 .  

Summary f r o m  FE3 82 - JUNE 83: 

Actual  b i l l i n g  = 914,550.13 + $32,523.55 = $47,073.68, 
Rodeo Arena usage = $2,762.45 + $6,284.27 = $9,046.72 
Geothermal Wel ls = $11,787.68 + $26,239.28 = 538,026.96 
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TABLE 32-2 

GEOTHERMAL SYSTEM OPERATING COSTS 

(Thru 30 June 1983) 

Well repairs and pumps (Since April, 1982) 

Total 
?PO 66,356.46 

PS L 76,815.89 ( 26,112.13) 

$143 , 172.35 ($40,563.38) 

Other System C o s t s  (S ince February,,1982) 

Well Pump 
Labor Materials Electricity Totals 

PPO $ 6,843.32 $2,166.19 $38,026.96 $47,036.47 

6 528.04 $13,371.36 PSL 
Total 

6 528 04 
Ef5m 

Total Support Costs 

o Total cost: $196,736.86 

o Monthly average: $13,115.79 

o We1 1 treatment and repairs monthly average: $9,544.82 

o Other system costs monthly average: $3,222.83 

o Electricity: $2,237.00 

Normal Maintenance and Electricitv: $5.500/month = $ 66.000 - 
Well pump and well maintenance: $9 500/month = $114 '000 

$I80,000 
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TABLE 32-3 

PSL EXPENDITURE 

MATERIAL, SUPPLY 
DATE LABOR, $ AND OTHER 8 MONTHLY TOTAL, 9 

oo....oo 

--.o.... 

FEB 82 
MAR 82 
APR 82 

JUN 82 
TOTAL 

oo.o-.o. 

MAY 82 4,738.78 

sir,161.-84 
2 423.06 

New f i s c a l  year: 

JUL 82 
AUG 82 
SEP 82* 
OCT 82* 
NOV 82* 
DEC 82 
JAN 83 
FEB 83 
MAR 83 

MAY 83 
APR a3 

JUN 83 
TOTAL 

2,517.22 
4,837.32 
1i156.77 
4,509.74 
4; 571.78 
1,141.80 

602.22 

1,693.81 

243.85 

e.--- -0- 

1,846.98 

232.27 
1,874.97 

31,470.91 
8,915.42 
1,918.49 

72.84 
148.64 

2,617.75 
47.26 

642.43 
1,367.05 

585.79 
$49,893.83 

2,749.49 
6,712.29 

32,627.68 
13,425.16 
6,490.27 
1,214.64 

750.86 
2,617.75 
1,741.07 
2,489.42 
1.610.90 
2'606 65 

mnnI3 

Total PSL expenditures f r o m  Feb 82 t o  June 83 are ;  
Labor = 7,161.84 + 25,142.35 = $32,304.19 
Supply = 1,145.91 + 49,893.83 = $51 039 74 

e 3 m 3  

Remarks: *The major expense i n  Sep and Oct 82 i s  for the TRW pumps = 930,386.33 
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TABLE 32-4 

PHYSICAL PLANT DEPARTMENT 

8333 Geothermal Wel ls  Maintenance 

DATE LABOR, $ MATERIAL, 9 OTHER, 8 MONTHLY TOTAL, 5 

137.47 APR 82 137.47 
MAY a2 2,010.59 ’ 9. 05 995.23 3,014.87 

570.22 JUN a2 536.17 34.05 
TOTAL m n n 5  m S 3,723.07’ 

------- --o_---- 

-------- 

DATE LABOR, 9 MATERIAL, 9 OTHER, 5 MONTHLY TOTAL, 15 

JUL 82 
AUG 
SEP 
OCT 
NOV 
DEC 
JAN 83 
FEB 
MAR 
APR 
MAY 
JUN 

TOTAL 

974.92 
678.39 
568.55 

1,192.32 
1,161.62 
766.46 
305.79 

1,172.22 
1,383.92 
208.19 
187.74 
222.40 

$- 

--e---..- 

68.87 
13.49 
129.71 
147.48 
0.48 
25.35 
20.84 
144.85 
1.10 ------- 

T o t a l  on #€I333 from Apr 82 t o  June 83; 
Labor = 2.684.23 + 8,822.52 = 11,506.75 
Mate r ia l .  = 43.55 + 522.17 = 
Other = 995.23 + 2,713.95 = 

595.72 
3 709 65 

m m z  

974.92 
1,061.03 
2,061.34 
1,520.05 
1,309.10 
1,233.36 
331.14 

1,207.25 
1,727.78 
251.53 
187.74 
222.40 

$12,088.64 
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TABLE 32-4 (Continued) 

7136 Required Wel ls 
i 

DATE LABOR, $ MATERIAL, $ OTHER, $ MONTHLY TOTAL, $ 

DATE LABOR, $ MATERIAL, $ OTHER, $ MONTHLY TOTAL, $ 

JUL 82 
AUG 
SEP 
OCT 
NOV 
DEC 
JAN 83 
FEB 
MAR 
APR 
MAY 
JUN 

TOTAL 

53.93 
704.10 
53.78 
23.41 -------- 

533.76 
163.06 

33.53 
20.86 

$751.21 
2 948 00 

$Tmm 

587.69 
867.16 
53.78 
35.99 

25,776.16 
13,717.11 

659.64 
1,787.58 

56.28 

-------- 
-------e 

2 948 00 
$48,04254 

Tota l  on #7136 from Apr 82 t o  June 83 are; 
Labor = 231.93 + 2,712.57 = 2,944.50 
Mate r ia l  = 8.32 + 751.21 = 759.53 
Other = 2,262.02 + 44,578.76 = 46 840 78 

$57mm 

Remarks: *Major i tems i n  Nov 82 are; (a) Johnston pump = $19,332.58 
(b) Rio Grande = $ 5,445.00 

**Major i tem i n  Dec 82 i s ;  Umphress Pump Company = 812.820 00 m 
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TABLE 32-4 (Continued) 

8313 PPD-Non-Reimbursable Work D i s t r i b u t i o n  l i n e s  on Geothermal 

DATE LABOR, $ MATERIAL, $ OTHER, $ MONTHLY TOTAL, $ 

DATE LABOR, $ MATERIAL, $ OTHER, $ MONTHLY TOTAL, $ 

JUL 82 
AUG 
SEP 
OCT 
NOV 
DEC 
JAN 83 
FEB 
MAR 
APR 
MAY 
JUN 

TOTAL 

17.07 
1,131.86 
1,573.87 
539.11 
369.15 
794.17 
151.89 
34.13 
67.12 
249.69 
739.39 -------- 

85,-667.45 

------- 

Tota l  on #8313 from Apr i l  82 t o  June 83 are;  
Labor = 429.28 + 5,667.45 = 6,096.73 
Mater ia l  = 137.74 + 948.12 = 1,085.86 
Other = 132.80 = 132.80 

Total = 

17.07 
1,211.33 
1;98l. 11 
704.14 
369.15 
794.17 
151.89 
34.13 
67.12 
512.73 
822. a3 

rn -------- 

n 
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TABLE 32-4 (Continued) 

8327 PPD-Non-Reimbursable Work on Geothermal Heat Exchanger\s 

DATE LABOR, $ MATERIAL, $ OTHER, $ MONTHLY TOTAL, $ 

JUN 82 
TOTAL 

17.29 - 
DATE LABOR, $ MATERIAL, $ OTHER, $ MONTHLY TOTAL, $ 

JUL 82 
AUG 
SEP 
OCT 
NOV 
DEC 
JAN 83 
FEE 
MAR 
APR 
MAY 
JUN 

TOTAL 

104.55 
224.16 
106.00 
46.55 
156.98 

40.48 
-------- 

73.91 
17.64 

Tota l  on #8327 from Apr i l  82 t o  June 83 are; 
Labor = 41.89 + 704.70 = 746.59 
Mater ia l  = 6.63 + 106.13 = 112.76 
Other = 834.77 = 834.77 

Total = $1 9 .  694 12 
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- -------- 
219.57 
241.80 
106.00 
46.55 
950.64 

50.38 
3.45 

27.21 

$1,645.66 



3 2 . 2  Annual operating Cost 

The annual operating cost, which includes electricity and maintenance cost, is 

summarized in Table 32-5 .  The yearly depreciation, which was dctcrmined from 

the significant items of the geothermal systcm clcmcnts, is itemized in Table 

32-6 .  

Table 32-5 

ESTIMATED ANNUAL OPERATING EXPENSE 

Category 

Electricity 
Maintenance 

Annual Expense 

$38,000 

28 ,000  

TOTAL = $66 ,000  

3 2 . 3  ?laintenance Cost 

3 2 . 3 . 1  Routine 

The cost of normal maintenance for the geothermal systcm elements includes the 

technician labor cost to support the start-up proccdura and to maintain the 

preventive maintenance schedules for the we1 1 pumps, the primary heat 

exchangers, the swimming pool heat exchangers, and the gas separator. Costs 

are based on the actual cost during the first 12-month pcriod of February 1982 - 
January 1983. The cost is itemized as follows: 

Physical Plant Department 

Physical Science Laboratory 

Labor and Supported Nntcrial $26.098 

Labor and Supportad Material $ 4 , i 9 6  

TOTAL $30,694 
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Table 32-6 

DEPRECIATION COST FOR SIGNIFICANT CAPITAL ITEMS 

COMPONENT 
YEARLY 

COST LTFE DEPRECIATION 

Primary Heat Exchangers $ 48,000 10 $ 4,800 

Hot Water Storage Tank 109,300 20 5,465 

Instrumentation and Controls 

and Circulating Pumps 89,000 10 8,300 

Transmission Line Components 50,000 10 5,000 

Well Pumps 52,260 5 ;’: 10,452 

(60 Hp TRW-REDA & Johnston pumps) 43,209 8,642 

TOTAL = $32,807 

‘:Overhaul at 30% of cost at end of 5 years for second 5 year life. 
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3 2 . 3 . 2  Major Component Repair or Replacement 

(See S e c t i o n  26 on Production Well History)  
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TABLE 32-7 

GEOTHERMAL SYSTEM SUPPORT COSTS, DETAILED LISTING 

PSL EXPENDITURE PPD EXPENDITURE COMBINED PSL AND PPD EXPENDITURE 

MATERIAL, SUPPLY MATERIAL, SUPPLY MATERIAL, SUPPLY 
DATE LABOR, $ AND OTHER, $ MONTHLY TOTAL, $ LABOR $ AND OTHER, $ MONTHLY TOTAL, $ LABOR. $ AND OTHER, $ MONTHLY TOTAL, $ 

MAY 4,7 38.78 683.79 5.422.5 J 
JUN 2 423.06 462.12 2 885.18 

TOTAL 3 1,145.91 m 
W JUL 82 

AUC ' SEP - OCT 
NOV 
DEC 
JAN 83 
FEB 
MAR 
APR 

232.27 
1,874.97 
31,470.91* 
8,915.42" 
1,918.49 

72.84 
148.64 

2,167.75 
47.26 
642.44 

2,749.49 
6,712.29 
32,627.68 
13,425.16 
6,490.27 
1,214.64 
750.86 

2,167.75 
1,741.07 
2.489.42 

2,517.22 
4,837.32 
1.156.77 
4,509.74 
4,571.78 
1,141.81 
602.22 

1,693.81 
1,846.98 

-------- 

MAY 243.85 1,367.05 1I6lO. 90 
2 606 65 JUN 2 020.86 585.79 

TOTAL 525,142135 m m  675;oJ678 
Total PSL expenditures from Feb 82 + Jun 83 

Remark: 
the TRW pumps = $40,386.33 

= $83,343.93 
*The major expense i n  Sep and Oct 82 i s  for 

1,045.92 
2,618.90 
2,420.36 
1,860.84 
1,577.32 
1,717.61 
457.68 

2,077.15 
1,652.84 
1,009.39 
222.40 

1,246. e3 

f17v907.24 

-NEW FISCAL YEAR- 
533.76 

2,293.34 
1,964.37 
481.34 

25,923.64* 
14,977.67** 

25.35 
44.93 
381.84 
899.00 
84.67 

2 918 45 
t50,6I836 

1,579.68 
4,912.24 
4,384.73 
2,342.18 
27,500.96 
16,695.28 

483.03 
1,291.76 
2,458.99 
2,511.84 
1,094.06 
3 200 e5 

$am-S-m 

3,563.14 
7,45€. 22 
3,577.13 
6,310.58 
6,149.10 
2,059.42 
1,059.90 
1,246.83 
3.770.96 
3,499.82 
1,253.24 

766.03 
4,168.31 

9,396.76 
27,842.13 
15,050.51 

173.99 
2,662.68 
429.10 

1,541.44 
1,451.72 
3 564.24 

33,435.28 

$Tmfrrn 

4,329.17 
11,624.53 
37,012.41 
15,767.34 
33,991.23 
17,909.93 
1.233.89 
3,909.51 
4,200.06 5,041.26 

2,704.96 
5 807 50 $lxea-n 

Total PPD expenditure from Feb 82 + Jun 83 

Remark: 
(a) Johnston pump = $19,322.58 
(b) Rio Grande = $5,445.00 

h p r e s s  Pump Company = $12,820.00 

Total PSL and PPD expenditures from 
Feb 82 + Jun 83 = 
Well Pumping E l e c t r i c i t y  
Tota l  Support Costs 
(Feb 1982 t h r u  June 83) 

$158,709.90 
38 026 96 

= $75,365.97 

$1- 
*The major expense i n  Nov 82 i s  for;  

**The major expense i n  Dec 82 i s  for  



i.(r3 33. SYSTEM ECONOMICS 

33.1 Capital Costs 

The installed systcm, considered in this report, has an installed cost of 

$1,360,000, which is further defined as follows: 

Table 33-1 

INSTALLED COSTS, N M U  GEOTHERMAL SYSTEM 

Component Cost and Source 

Aquifer Evaluation and 
Conceptual Design 

Well Field Construction 
Project Management and 
2-year Monitoring 

System Construction 

N e w  Disposal Well 

$ 125,000 New Mexico Demo Fund 

$ 336,000 DOE PON Program 

$ 829,000 New Mexico Legislative 
Appropriation 

$ 70,000 New Mexico Geothermal 
Demonstrat ion Program 

$1,360,000 

33.2 Operating and Maintenance Costs 

From Section 32, the "normal" yearly operating costs arc $66,000. In the first 
15-months of operation, an "abnormal" operating cost (prcsumably one-time) w a s  

$143,172. This abnormal cost was for replaccmcntwell pumps and well repairs. 

33.3 Fuel Savings 

Savings provided by geothermal systcm displacement of natural gas have been 
determined by analysis of Central lieating and Cooling Plant natural gas usage 

and campus eiicrgy consumption. 

been analyzed to normalize the data to isolate changes due solely to the 

geothermal system. For background purposes, the Central Plant serves as an 

energy (steam) service for some 44 buildings complexes, and several hundred 

individual steam-fired heat exchangers or individual equipment. None of this 

end-use is instrumented, so estimates only can be made. Figure 33-2 is a 

Various factors affecting natural gas usage have 

schematic rcprcscntation of the NMSU steam system 
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NMSU CENTRAL PLANT STEAM SYSTEM 

IGNITION DISTRIBUTION END-USE 
LOSSES LOSSES LOSSES 

W 
W 

I 

h) HOT WATER 
END-US E 

CENTRAL UTILITY TUNNEL 44 BUILDING 
STEAM PLANT AND BUnlED LINES COMPLEXES 

Figure 33-2 



33.3.1 General 

The analysis of natural gas consumption by the Central Haating and Cooling Plant 

is based upon data available from MISU fiscal years 1380, 1381, and 1982. These 

data, displayed in Figure 33-3 show the variation in catural gas consumption 

annual ly . 

3 3 . 3 . 2  Natural Gas Consumption 

Natural gas consumption by the Central Heating and Cooling Plant is governed by 

a .lumber of variables that affect the usage of natural gas. These Variables 

include weather, building size (square footage served), specialized equipment 

in service, and operational factors. The following sub-poragraphs discuss these 

variables in detail. 

a. New construction alld rcmodcling of existing buildings have resulted in an 

increased area requiring spacc heating; which, in turn, has increased 

consumption of natural gas. 

of time in Figure 33-3. 

The space-heated area is plotted as a function 

Increased square-footages also affect natural gas requirements for space 

cooling, as well as for  space heating. A number of heating and cooling 
systems employed on NElSU campus are of double-duct type which necessitates 

steam usage for summer cooling. The new English - Speech building, 
completed April 1381, employs a double-duct type heating and cooling 
system. The natural gas consumption for summer cooling of this new 
building was estimated t o  be approximately 336 mcf per month during April - 
September time f rame. (This cs t imate was determined by comparing known 

steam consumption of Anderson Hall and the relative square-footage of 
Anderson l l a l l  to the new English - Spccch building). 

b. Laboratory experiments requiring increased use of special equipment such 

as sterilizer and distilliiig equipment caused an increase in natural gas 

consumption from 1981 to 1382. iluring the f a l l  of 1381, the Biology 

Department added a second steam opcratcd water still to one that was 
currently operated at an avcragc load of 500 mcf per month. Assuming the 
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Figure 3 3 - 4 .  Space Heating Area Connected 
to Central Plant. 
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o l d  s t i l l ,  which uses  approximate ly  1.000 mcf p e r  month a t  peak c a p a c i t y ,  

based on measured t e s t  d a t a ,  u s e s  an average  of 500 mcf pe r  month and t h a t  

t h e  new u n i t  a l s o  u s e s  500 mcf p e r  month, t h e  i n c r e a s e  i n  n a t u r a l  gas 

consumption for 1982 from 1381 would be 500 mcf. Th i s  e s t i m a t e d  usage is 

based CT. a 45-day t es t  i n  1381 i u  which a c t u a l  d i s t i l l e d  water  u se  was 

measured, which averaged 16..5 g a l l o n s  pe r  hour f o r  t h e  p e r i o d .  

d u r i n g  normal d a i l y  usage was 34 .9  g a l l o n s  p e r  hour .  

one  s t i l l .  

The ave rage  

These v a l u e s  are f o r  

Also,  a new s t e r i l i ze r  added t o  t h e  Chemistry Department i n  the 

s p r i n g  of 1982 has  added an average  load  of 200 mcf pe r  month. 

t h e s e  two items o f  equipment ,  an average  of 700 mcf p e r  month i n c r e a s e  is 

no ted .  

For on ly  

c .  A s  p a r t  of t h e  NPISU energy  c o n s e r v a t i o n  program t h e  steam p r e s s u r e  i s  se t  

t o  50 p s i g  (from t h e  normal 100 p s i g )  d u r i n g  p e r i o d s  o f  lower demand 

( C h r i s t m a s  b reak ,  s p r i n g ,  and f a , l l ) .  The nct effect of t h i s  change is a, 

d e c r e a s e  i n  consumption of approximate ly  300 mcf p e r  day when o p e r a t i n g  a t  

50 p s i g .  The summer s team load is met e x c l u s i v e l y  by t h e  50 p s i g  mode. 

(Mid-April  th rough mid-October;  . See Tab le  3 3 - 5 .  

d .  Weather was de termined  t o  be t h e  most impor tan t  v a r i a b l e  govern ing  n a t u r a l  

gas  consumption. Weather d a t a  were reviewed t o  de te rmine  which f a c t o r s  

weigh most h e a v i l y .  After cons i t ic robIe  i t e r a t i o n ,  i t  was de termined  t h a t  

t h e  h e a t i n g  degree  days  a r e  n o t  t h e  on ly  measure of n a t u r a l  gas  consump- 

t i o n .  Winter  wea the r ,  p a r t i c u l a r l y  February - A p r i l ,  is a l s o  c h a r a c t e r i z e d  

by co ld  winds,  which are n o t  measured by h e a t i n g  degree  days .  The 

v a r i a t i o n  i n  n a t u r a l  gas consumption due to  weather  c o n d i t i o n s  may be 

expressed  i n  terms o f  h e a t i n g  degrees  days (which is a measure of  ambient 

a i r  t empera ture)  arid average  wind speed .  Nonthly h e a t i n g  degree  days for 

NMSU f o r  1980-1982 a r e  t a b u l a t e d  i n  Tab le  33-6.  f lonthly average  tempera- 

t u r e s  for t h e  p e r i o d  1980-1983 arc l i s t e d  i n  Tab le  33-7. Th i s  d a t a  is 

c o n s i s t e n t  w i th  t h e  monthly n a t u r a l  gas consumption; consumption i n c r e a s e s  

d i r e c t l y  as t h e  number o €  h e a t i n g  degree  days i n c r e a s e s  and i n c r e a s i n g  

average  wind speed .  

1980-1983 are l i s t e d  i n  Table  33-8.  I t  m u s t  be noted t h a t  t h e  h e a t i n g  

degree  day d a t a  probab,,  has a 5 p e r c e n t  e r r o r ,  whereas t h e  wind d a t a  is 

l i k e l y  t o  be even more i n e x a c t .  

Average wind speed and v a r i a t i o n  from y e a r - t o - y e a r  f o r  

These a r e  t h e  b e s t  a v a i l a b l e  d a t a .  
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Tablc  33-5 

PRESSURE ADJUSTMENT SCIIEDULE 

Date 

2 Jan  1980 

12 Apr 1980 

17 O c t  1980 

26 Dec 1980 

4 Jan  1981 

13 Apr 1981 

19 O c t  1981 

21  Doc 1981 

4 Jan  1982 

14 hpr  1982 

13 O c t  1982 

21  Dec 1982 

1 J a n  1983 

Pressu re  Adjustment, p s i g  

50 t o  100 

100 t o  50 

50 t o  100 

100 t o  50 

50 t o  100 

100 t o  50 

50 t o  100 

100 t o  50 

50 t o  100 

100 t o  5 0  

50 t o  100 

100 t o  50 

50 t o  100 

Table  33-2a 

NMSU HEATING DEGREE DAYS (OF-DAYS) 

V a r i a t i o n  V a r i a t i o n  V a r i a t i o n  

Date 

J a n  

Feb 

Mar 

APr 
O c t  

Nov 

Dec 

1980 

596 

484 

46 7 

228 

246 

511 

576 

1981; from 1980, % 1982; from 1981, % 1983; from 1982, % 

667 8.7 67 1 2.6 7 19 8 . 1  

477 0 .2  436 -1.2 480 -1.8 

42 1 -9.4 348 -22.5 388 18.7 

112 -56.1 112 45.7 329;'; 112.3 

139 -43.9 177 29.1 

412 -23.2 477 2 4 . 1  

586 -1.4 723 27.3 

W i g h e s t  r eco rd  of t h e  p a s t  30 y e a r s .  
a These d a t a  were ob ta ined  from D r .  Norman Nalm, NNSU Wcathcr S t a t i o n  
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Table 33-7 

NMSU MONI’IILY AVERAGE TEMPERATURE (OF) 

Vari at ion Var iat ion Variation 
Date 1 9 b O  1981; from 1980, % 1982; from 1981* ‘A 1983; from 1982, % 

Jan 45.9 44.1 10.6 43.4 -1.6 41.6 -4.1 

Fch 48.2 47.8 -1  .o  47.5 -0.6 47.7 0.4 

Mar 50.0 51.4 2.8 54.3 5.6 52.5 -3.3 

Apr 57.6 61.3 6.4 60.0 -2.1 54.0 -9.8 

May 64.6 69.0 6.8 66.2 -4.1 65.7 -0.8 

Jun 79.8 79.1 -0.9 76.3 -3.5 

Jul 83.8 81.4 -2.3 81.1 -0.4 

Aug 78.5 76.6 -2.4 79.9 4.3 

Sep 71.9 71.3 - 0 . 8  73.4 2.9 

Oct 57.8 61.6 6.6 59.6 -3.2 

Nov 48.3 52.1 7 . 9  49.3 -5.4 

Dec 46.3 46.6 0.6 41.6 -10.7 

Table 33-8 
NMSU NONTIILY AVERAGE WIND SPEED MPH 

Var i n  t ion Variation Var i at ion 
Date 1980 1981; from 1980, % 1982; from 1981, X 1983; from 1982, % 

J a n  4.3 3.6 -16.3 5.0 -38.9 3.2 -36.0 

Feb 4.6 4.6 0.0 3.7 -19.6 3.7 0.0 

Mar 6.0 6.6 4.8 5.5 -16.7 6.7 21.8 

APr 6.2 5.7 -8.1 5.5 -3.5 5.8 5.5 

May 5.2 6.6 26.9 4.7 -28.8 6.2 31.9 

Jun 5.3 4.6 -13.2 3.6 -21.7 

Ju 1 5.4 4.4 -18.5 4.3 -2.3 

Aug 5 . 1  4.6 -9.8 3.9 -15.2 

SCP 6.2 3.9 -37.1 3.9 0 

Oct 7.3 4.4 -39.7 3.3 -25.0 

Nov 3.2 3.8 -31.3 3.0 7.1 

ncc 5.3 3.3 -37.7 3.1 -20.5 

n 

These data were obtained from Dr. Norman Malm, NMSU Weather Station D 
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LllJ e. The operational factors include two major and one minor modification to the 

Central Stcam Plant A stack economizer was installed in April 1981. This 
economizer uses stack waste heat to preheat the condenser make-up water. The 

result of this change was a decrease in natural gas consumption of an 
estimated theoretical-maximum of 7,200 MCF per year. This does not act to 

reduce geothermal savings, because the stack economizer was installed before 

the geothermal system was constriicted, and the effects are considered in the 

methodology for estimating geothermal natural gas offset. A second major 
modification to the plant consisted of an oxygen control system which was 

installed in January, 1982. Thcse controls save an estimated theoretical 

maximum of 4,920 MCF of natural gas each year. Because the stnck economizers 

and the oxygen controls arc serving the same boiler, the combinedeffects of 

the two is less than tha stand-alone tlieorctical efficiences of each system. 

Hence, it is estimated the oxygen control actually produced a net decrease of 
not more than 4,500 PICF per year. In t h e  category of minor modifications is-a 

program of re-insulating steam and condensate return lines, which was carried 

out over an 18-month period in calendar year 1981 and 1982. Appendices C and 
D contain the detailed calculntions which form the basis for the overall 
performance factor adjustment for the stack economizer and the oxygen 

controls. 

f. One general category of variance also exists. During the one-year period 

(calendar year 1980-1981) that instrumentation was used to acquire end-use 
consumption of hot water, the university was in a stringent conservation 

mode. Thermostats were set back, and many "non-essential" hot water faucets 
were turned off. Spot checks made subsequently in 1383 indicate that a less 
austere program now is in effect. One consequence is that the year-by-year 
comparison of consumption to analysc and detect variations and trends in 

natural gas consumption is skewed by an unknown amount. Hence, the 

methodology prcsentcd hcrcjn For a method of calculating natural gas offsets 

probably is conservative, since if the category other than geothermal 

conslimption shows an increase, then so would have those areas supported by 

geothermal if there were no geothermal system. 
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g .  There is yct one other factor to consider; namely, operational procedures for 

the geotharmal system. In large measure, calculations for natural gas 

offsets arc based on tests and measurements acquired during the three-month 

system testing period prior to formal dedication in late April, 1981. A 
detailed check was made in October, 1983, to ascertain current operational 

parameters. It should be noted that the unsatisfactory geothermal well 

performancc has resulted in operator conccrn about tho reliability of the 
system, and this concern translates into a need t o  have back-up steam supply 

immediately available to the users, because user support is the appropriate 

primary concern. The results ol the operational checks indicate that the 

driving imperative to have responsive back-up steam, plus some poorly 

adjusted steam controls, resulted in a decrease of an estimated 7,000 MCF per 
year in thc geothermal thcoretically available offset. Results are tabulated 

in Table 33-9. 

33.3.3 Other Adjustment To Natural Gas Consumption 

A need exists to ascertain monthly natural gas consumption to assess the effects 
on R monthly basis of new equipment, weather conditions, and the geothermal 

system. In the present analysis, data for monthly natural gas consumption 

during the period 1980 - 1982 were obtained fromthe Control Heating and Cooling 
Plant. These data are based on the actual monthly consumption of natural gas. 

However, during the course of the yeor, contaminated fuel oil is consumed by 
the Central Heating and Cooling Plant as wcll. 

addition to the natural gas, the total'energy consumption in terms of natural 
gas can be determined by converting the quantity of fuel oil to the natural gas 
equivalence and adding this to thc monthly natural gas consumption. Monthly 

fiicl oil consumption is tabulated in Table 33-10. 

Since this fuel oil was burned in 
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Table 33-9 

REMARKS CONCERNING USE OF STEAM HEAT 
EXCHANGERS TO BACK-UP THE GEOTHERMAL 

Average 
Geo- (OF) Flow rat e Temperature 

Building Supply GPM H/E Outlet (Pre-Geo O F  Wasted AT 

Alumni 135 9.5 138 135 3 

22 Football Stadium 120 30 142 

Return to Alumni 

- - -  

Activity Bldg. 130 

Natatorium (No Steam) 

O . P .  Supply 134 

Dliw 134 

Regents 134 

Garcia 133 

WRC 130 

R-G-11 130 

Pan Am 133 

I 

30 

8.5 

11.5 

12.5 

4.5 

0.5 

126 

122 

157-160 130 

143 140 

133 130 

133 130 

135 138 
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Table 33-10 

FUEL OIL CONSUMPTION 

Date Fuel Oil, Gal MCF Equivalence 
~~~ 

December 1980 28,857 

February 1982 7,171 

March 1982 220 

3,996 

993 

30 

33.3.4 Energy Saving From The Geothermal Project 

The geothermal system was placed on line during the periods from February 15- 

through May 17, 1982, and from the 26th of August, 1982 to May, 1983. The net 

saving from the operation of the geothermal system was previously estimated from 

the total heat furnished by the geothermal system. The analysis was carried out 

by comparing the monthly natural gas consumption from the period of February 

1982 - May 1983 when the geothermal system was in operation to the same period of 
February 1980 - May 1981 when the geothermal system was not in operation. 

Prior to making the comparison, the monthly figure of natural gas consumption 
during the 1981 period was adjusted to account for the variation in weather 

conditions, increase of space heating and cooling area, and addition of new 

equipment. 

non-biased basis. 
The adjustment was necessary since the comparision must be made on a 

The procedure adopted for making the adjustment to natural gas consumption is 

given in Appendix B. The validity of this procedure was verified by utilizing 

the data for monthly natural gas consumption from the periods of 1980 and 1981. 

During these periods, the geothermal system had not yet been plac-ed in 

operation. Therefore, for a valid procedure of adjustment to natural gas 

consumption, the variances from comparing the adjusted monthly natural gas 

consumption of 19.80 to the monthly natural gas consumption of 1981 should 

approach zero. 
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(&l The result of comparing the adjusted monthly gas consumption of 1980 to the 

monthly natural gas consumption of 1981 is given in Table 33-11. The variance 

distribution of monthly natural gas consumption shown in this table ranges from 

a negative -0.047 to a positive 0.033 with an average absolute value of 0.029. 

Samples of calculations for this analysis are given in Appendix B. This 

variance can be interpreted to indicate that the methodology will produce an 

estimate which on the average is within 2.9% of true values. 

Table 33-11 

COMPARISON OF NATURAL GAS CONSUMPTION 

Natural Gas Consumption, mcf 
Date 1981 Forecast 1981 Variance 

(1980 Base) Actual 

Jan 
Feb 
Mar 
APr 
Oct 
Nov 
Dec 

30 192 
26,433 
25,291 
14,030 
14,537 
26 504 
26,174 

30,972 
25,877 
25,871 
14,726 
15,045 
25,665 
25,570 

Average 
Variance 

-0.025 
+o. 021 
-0.022 
-0.047 
-0.034 
+O .048 
+O .024 

0 . 0 2 9  

Using the rncthodology established for comparing the natural gas consumption data 
of 1981 w i t h  t h e  adjusted data  of 1980, a similar procedure was used to analyze  

the net savings from the geothermal service in 1982. This comparison takes 
actual 1981 consumption, and derives a value for expected 1982 consumption if 

the geothermal system was not operational. The resulting forecast consumption 

was compared with actual comparison to estimate the geothermal offset. 
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The average wcekly saving from the summary in Table 33-12 was determined to be 

approximately $8,000. The computed saving thus compares favorable with earlier 

estimates that the system should save between $8,000 and $10,000 per week during 

the peak demand, depending on natural gas prices. Moreover, expansion of the 

system to Breland and O'Donnell will generate additional natural gas offset. 

3 3 . 3 . 5  Alternative Study of Geothermal Saving 

Evaluating geothermal benefits or any other steam system change is clearly a 
complex task since the process of energy distribution is large and complex. 

study of geothermal benefits in Section 3 3 . 3  is an effort to assess what was 

occurring in the overall system which would act to detect gross changes in 

natural gas consumption. As devised, the methodology also can generate pro- 

jected future year natural gas consumption data which might prove useable to 
prepare budget estimates on projected utility cost so as to provide flexibility 

for changes in hardware or procedure which would enable energy and cost 
conservation goals So be met. 

The 

In order to avoid misjudgement in geothermal benefits derived from the method- 

ology used, as well as to further enhance the study of geothermal savings, an 
additional efCort was made to assess the benefits from the geothermal system. 

This alternative study was made independently by determining the actual BTU's 
delivered to the campus. Calculations were based on the measurements of geo- 

heated water (dzmestic hot water) flowrates which were accomplished by the use 

of a portable Controlotron flow meter, and the domestic water was heated from 

65OF to 135OF. (NElSU is acquiring a permanent BTU meter, which will be used to 

acquire this da ta  on a continuous basis. This BTU meter will be- installed in mid 

1984) .  

On the basis of a measured end-use efficiency of 65.5%, reported monthly effi- 

ciency of stcam generation at the Central Heating and Cooling Plant, and a 

distribution efficiency of 89X, the following Table 33-13 summarize the saving 

analysis by the direct flow measurements. Appendix F provides the detailed 

methodology for this alternative assessment. 
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Table 33-12 

GEOTHERMAL SAVINGS - A COMPARISON OF METHODOLOGIES 

Date Saving (ori gi nal methodo 1 ogy ) Savings (modified methodology)* Saving (modified methodology & Oxygen 
MC F MCF Controls + Insulation)**, MCF 

15 Feb 82 
Mar 
APr 

17 May 
Jun 

w Jul 
26 Aug ' Sep 

tf Oct 
Nov 
Dec 
Jan 83 
Feb 
Mar 
APr 

17 May 

3040 
5677 
6186 
1612 
(946)*** 

749 
5126 
5703 
8186 
3857 
3401 
7675 
7160 
4188 
2021 

Total = 65527 

2704 
5321 
6306 
1612 
(946)*** 

749 
5126 
5663 
8030 

3968 
7467 
6880 
4424 
2021 

Total = 64305 

3088 

2494 
4741 
5824 
1612 
(946)** 

749 
5126 
5307 
7226 
2229 
3093 
6707 
6137 
3925 
2021 

Total = 58137 

NOTE: - *  (1)  The modified methodology was based on the presence o f  stack economizers installed in April 1981 
** (2) Saving calculations were based on the modified methodology, plus the installation of oxygen controller 

in January 1982, and piping insulation which completed in August 1982. 
Geothermal system equipment used for the football stadium t o  avoid excessive steam losses. *** 



Table 33-13 

NATURAL GAS SAVING BY DIRECT MEASURE?!ENTS 

Average 

DaEf f i c i e n c y  , % gp?!CF Savcd 
Central  Plan Flowratc 

15 Feb 82 

Mar 

APr 

(19 May - 25 Aug 82)b 
1 7  Haya 

26 Aug 

Sep 

Oct 

Nov 

Dcc 

Jan 83 
Fcb 

Ylar 

APr 
17 Maya 

80.0 

77.1 

76.0 
63.9, 

56.5 

64.5 

77.4 
84.6 

86.3 
80.7 

86.0 
87.0 

73.3 

75.4 

50.0 

62.5 

102.5 
97.5 

50.0 

80.0 

107.5 

117.5 

72.5 

72.5 
117.5 
107.5 

102.5 
97.5 

TOTAL 

1,613 

3,301 

5,801 
3,650 

946 
968 

5,506 

6,353 
9,908 

3,345 

3,415 
5,956 

5,241 

6,017 
3,384 

= 61,409 

a NOTE: Average usage pcriod of 17 days .  

bGeotherrnal systcrn equiprncnt used f o r  football stadium to avoid e x c e s s i v e  

steam l o s s e s .  
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The study of geothermal saving from the direct measurements of actual BTU's 

delivered to the campus shows that the total natural gas saving from 15 February 

1382 until 17 May 1383 is equal to 61,409 MCF. On the other hand, the 

methodology for assessing geothermal benefits developed earlier in Section 33.3 

(Table 33-12) suggests that the total natural gas saving for the same period is 

equal to 58,137 MCF. The variance between the two estimating techniques is 

5.3%. This variation is for the entire period; a by-month comparison reveals 

that the variance between the two methodologies is relatively large for months 

in which the outdoor pool is geothermally heated, and the second methodology 

provided much lower values for the initial start-up period for the geothermal 

system. The second methodology is quite sensitive to the assumed distribution 

system efficiencies, and the chosen value (a constant value of 83%) is probably 

not accurate through-out the year. Nevertheless, the two different 

methodologies provide a close enough correlation that the geothermal system 

order-of-magnitude natural gas offsets are approximately 60,000 MCF per yea; 
when the outdoor swimming pool is heated with geothermal energy. 

33.3.6 Actual Natural Gas Offsets 

Thc methodology previously discussed can be used to "predict" a consumption 

pattern for any given year. In fact, the methodology was used to establish a 

baseline for academic year 1982-1983 (1 July 1982 through 30 June 1983.) Con- 

currently, the Physical Plant Department maintained gross records for actual 
natural consumption for that year, and graphed a comparison with the previous 

year. This gross comparison suggested that there was no apparent noticeable 

decrease in natural gas consumption, which lead them to a conclusion that the 
geothermal system was not performing to expectations. 

In analysing why this pattern existed, the primary cause was a colder than 
normal year. This unusually cold year resulted in an increase in natural gas 

sales to the Las Cruces-wide natural gas distribution system. Coordination with 

t h e  city of Las Cruces produced data relative tothe number of users by category 

(residential and commercial) and natural gas sales by category. Data was 

provided for 1981, 1982, and 1983. After adjustment were made to the 1982-1983 

data to remove the bias caused by il change in the number of customers, 

residential consumption still showed a 22.9 percent increase for the heating 
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season 1982-83 compared with the previous winter. This increase is an accurate 

reflection of the colder weather for the 1982-1983 winter. Notably, Deccmber 

1982 was up 33.45%; January 1983 increased by 23.28% land April and May 1983 

increased by 52.43% and 12.94% respectively compared to the previous winter. 

This correlation is based on a comparison of heating degree days, which is a 

relatively accurate broad measure for gaging the effects of weather. 

Other operational uses of the geothermal system imposed a penalty of an esti- 
mated 7,000 HCF. (See Section 33.3.2 ( f ) ) .  

A concerted effort also was made to assess whether any trend could be shown for 

natural gas consumption increases resulting from additional students, changed 

operational procedures, new equipment, or other "hidden" factors. Because the 

geothermal system was temporarily inoperative in September 1983, an opportunity 
was presented to analyze daily records for the Central Steam Plant for a 30-day 

period, use this data to ascertain trend lines, and then compare the trend 

prediction with actual daily consumption for the following 30-day period, after 

the geothermal system was re-started. To accomplish this methodology, all data 
were acquired from the central steam plant books for each of the three daily 

shifts, for the entire 60-day period. In turn, the same 60-day period was 

analysed for each of the past three years. Analysis of the data show that the 
steam consumption increases almost linearly each year from the start of the fall 

semester. This pattern was reversed in September 1982, (when the geothermal 
system was started) and consumption showed a decrease, and then an increasing 

trend. 

For 1983, thc start-up period for the school fall semester showed daily gas 

usage was almost 24 percent higher than the previous three years. This was not 

an unusual situation, because consumption increased at roughlythe same rate as 

previous year. At this point in the analysis, a conclusion was reached that the 

non-heating season steam load is considerably higher for 1983-84 than was the 

case for the preceedingthree years. In fact the slope of the consumption curve 

is almost an exponential curve, gradually increasing until the official heating 

season occurs. We have fitted a polynomial function to this curve, which in 

turn is fitted to 1983 data. 
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From t h a t  c u r v c ,  one can e s t i m a t e  w i t h  a h i g h  deg ree  of accu racy  what t h e  

consumption woi.ild have been had t h e  gcothcrmnl  system not  been used. Th i s  

e x t r a p o l a t i o n  more c l e a r l y  d e p i c t s  the s i g n i f i c a n t  r e d u c t i o n  ciiuscd by t h e  

geothermal  system performance.  

At tached  is  F igure  33-14, which d e p i c t s  t h e  c u r v e - f i t t i n g  of t h e  d a t a  s e t s  f o r  

t h e  4 -yea r  p e r i o d .  T h i s  t echn ique  c l e a r l y  shows t h a t  t h e  geothermal  system a c t s  

to s h a r p l y  d e c r e a s e  n a t u r a l  gas consumption. 

33 - 13 



I 

n
 

9 
so 

II 
I

I
I

I
I

I
I

I
 

33 - 
20 



33.4 Customer Billing 

(not applicable) 

33.5 Analysis 

From the discussion in Section 33.3, it can be seen that the geothermal system 

gross savings can only be estimated. The analysis for NMSU is summarized in the 

following table : 

Table 33-15 

NATURAL GAS OFFSETS RESULTING FROM GEOTHERMAL 
W F )  

February 1982 - April 1983: 72,015 

July 1982 - June 1983: 53,000 System start-up 

"Normal" Academic Year: 50,000 MCF 

Academic Year with Outdoor Pool in use 60,000 MCF 

33.5.1 Simple Payback 

Usiiig a capital cost of $1,360,000 (Section 33.1) and "normal" operating and 
maintenance cost of $66,000 per year, (Section 33.2), a simple payback can be 

calculated using the current natural gas price of $4.79 per MCF. 

are as follows, holding all operating costs (natural gas, electricity, labor) 
constant. 

Calculations 

o Yearly gross savings: 60,000 MCF at $4.79 per MCF equals  $287,400. 

o Yearly net savings: 

$ 6 6 , 0 0 0 ) ,  which is $221,400. 

Simple payback: 

Gross savings less operating costs, or ($287,400- 

o Capital costs divided by net savings, or 6.1 years.  

33.5.2 Pon Analysis 

(not applicable) 

The above analysis is overly simplified, and a more thorough and accurate 

asscssment is contained in Section 33.6. 
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33.5.3 Other Analyses 

Using the experience for total support costs from initial use of the system for 
a 15-month period ending in April 1983, a net favorable cost avoidance can be 

calculated. 

Table 33-16 

GEOTHERMAL SYSTEM COST AVOIDANCE 

Gross Savings 

Feb - Sep 1982 
Oct 1982 - Jan 1983 
Fcb - Apr 1983 
TOTAL 

26,823 mcf @ $4.47 

26,436 mcf @ $4.95 

18,756 mcf @ $4.79 

Operating Costs 

Electricity (Feb. 1982 - April 1983) 
Normal maintenance labor and materials 

Abnormal costs for well and pump repairs 

TOTAL 

Nct Favorable Cost Avoidance 

(First 15 months of operation) 

$119,899 
130,858 
89,841 

$340,598 

38,587 

35,394 
148 ;247 

$ 222,228 

$ 118.370 

I f  the cost avoidance methodology is used, and one assumes that the system will 

continue to experience serious well and pump problems, the simple payback is 

11.5 years. 

A long-term payback (11.5 years) is not realistic for several reasons. First, 

the cost of the new pump, which was purchased in April 1383, is included in the 

above abnormal costs. There was extra expense incurred in trying to install this 

pump, and to perform follow-on repair and testing of the well. 
back-up well (PG-3) has continued to perform satisfactorily, and by 1 March 1983 

However, the 
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an additional $200,000 in benefits have accrued, while support costs have been 

considerably less than the previous year. Secondly, if the wells and well pumps 

displayed the same level of poor performance, it is totally unrealistic to 

assume NMSU would continue to operate the system. 
system is occuring, and the follow-on expansion will generate additional 
benefits at a much greater rate than the costs to operate the system. (Marginal 

cost to add users is building retrofit cost plus some small increase in pumping 

electricity. This will be true until the connected load is 15.0 million BTU per 
hour, or roughly four times the current usage. Thus, marginal benefits will 

greatly outweigh marginal costs.) A s  a final factor, natural gas costs have 
been increasing at a much faster rate than have electricity costs, although 

there has been a 12-month hiatus in natural gas cost increases. (In fact, 

natural gas costs dropped slightly from $4.95 per MCF to $4.79 per MCF in 

February 1983, and have remained at that level.) Moreover, natural gas still 

remains an depletible resource. 

or more every year since 1973. Thus, increasing scarcity is likely to cause 
higher prices, which in turn will enhance the benefits of geothermal use. 

Thirdly, expanded use of the 

New Mexico production has declined 2.4 per ten; 

Given the wide range of variables affecting this project, the most reasonable 
conclusion is that the geothermal system has a payback ranging from five to six 

years under the best circumstances, and ten years or less under the worst 
circumstances. 

3 3 . 6  Possible Future C o s t s  and Cost Savings 

It is possible to calculate possible future fuel costs and operating costs. The 

reader is cautioned that these are @ predictions. Instead, these are possible 

prices if the assumptions are reasonably valid. A s  such, they present a logical 
€rnmework to evaluate the question as to the overall cost-effectiveness of the 

geothermal system. See Table 33-18. 
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Table 33-17 

POSSIBLE FUTURE COSTS AND COST SAVINGS 
(Based on 50,000 MCF Natural Gas Savings) 

Possible Natural Gas Prices 
Case #1 

1980 $ 
$4.27 

1985 $ 
$7.25 

Case 112 4.27 5.56 

Possible Annual Cost Savings 
At 50,000 MCF/Year 

Case #1 
Case #2 

Possible Annual 
Operating Costsa 

Case #l 

1391 $ 
$9-75 
7.50 

1980 1985 1991 
$213,500 $362,500 $487,500 
213,500 278,000 375,000 

- 

1980 
$80,800 

1985 
$131,700 

199 1 
$176,000 

Total Net Surplus Potential $132,700 $146,300-$230,300 $199,000-$311,500 

“For 1985, the operating costs are assumed to be double the projected annual, 
operating expense previously defined. 
at 5 percent per year. 
measure of the estimated potential surplus. 

These costs then are assumed to increase 
This approach was used to attain a very conservative 

The preceeding discussion provides an optimistic view of the potential net 
savings that the geothermal system could provide. It is emphasized however, 

that these savings are conjectural, and must be demonstrated. Moreover, these 

savings are based on the implicit assumption that the investment costs are from 
appropriated dollars which will not be repaid directly, or at most would be 

repaid through future year decreases in monies appropriated for utility bills. 

At. any event, there is no monthly or annual interest cost on the investment. 
Accordingly, the NMSU system, although very cost-beneficial, is in a different 
category than would be a system which required loan amortization and interest 
payments. 

33.7 Pay-Off Period 

General: Conventionally, the payoff or cost break-even period is one of the 

more significant measures of the overall worth of a project. 
project as funded is financed within a system not available to the private 

sector. Hence, the payoff period as calculated is not done with the normally 
accepted discounted cash-flow system. 

taxpayer investments compared with the possible net annual surplus as defined 
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p r e v i o u s l y .  One p o s s i b l y  can a rgue  t h a t  r e s e a r c h  c o s t s  shou ld  be  exc luded ,  'rs 
because t h e  rc t u r n  on t h a t  c o s t  is an i n c r e a s e  i n  t h e  in fo rma t ion  poo l .  Because 

t h e r e  a r e  s e v o r a l  d i f f e r e n t  ways t o  look a t  such c o s t s ,  t h e  payoff  p e r i o d  a l s o  

is  c a l c u l a t e d  u s i n g  t h e  expended investment  cost b a s i s ,  i n c l u d i n g  r e s e a r c h ,  

p r e v i o u s l y  def- ined.  For each investment  cost, however, t h e  payoff  p e r i o d  is 

c a l c u l a t e d  by d i v i d i n g  t h e  summation of  investment  c o s t s  by t h e  summation of n e t  

p o t e n t i a l  s u r p l u s .  

Payoff Pe r iod ,  Varying Investment Ca tegor i e s  

The fo l lowing  t a b l e  r e f l e c t s  t h e  p o s s i b l e  payoff  p e r i o d ,  f o r  t h e  two c a s e s ,  and 

i n  comparison o f  t h e  p o s s i b l e  f u t u r e  c o s t  o f  n a t u r a l  gas .  I n  t h i s  r e g a r d ,  t h e  

e x p i r a t i o n  of  t h e  1978 Na tu ra l  Gas P o l i c y  A c t  could  cause  an i n c r e a s e  i n  1985 o f  

20 t o  25 p e r c e n t .  I f  t h a t  i n c r e a s e  occur red ,  t h e  n a t u r a l  gas  c o s t  would be  $5.99 

p e r  NCF. A lower p r i c e  ($5.56 p e r  MCF) was used f o r  Case 82 ,  and a p e s s i m i s t i c  

p r i c e  of  $7.25 was used f o r  Case #l .  The p o s s i b l e  yea r  1991 p r i c e s  a r e  t h e n  

based  on an assumed annual  p r i c e  growth of  5 p e r c e n t .  From t h i s  methodology, it 

can be seen  t h a t  i n  t h e  nea r  term Case #1 is unduly p e s s i m i s t i c ,  b u t  p o s s i b l y  n o t  

so over  t h e  7-year  pe r iod .  

1985, and u n r e a l i s t i c a l l y  low f o r  1991. 

On t h e  converse ,  Case 112 is unduly o p t i m i s t i c  for 

Table  33-18 

POSSIBLE PAYOFF PERIOD 
(Years of Opera t ion)  

Cost Bas i s  

Category of  Irlvestment 

DOE Funds 
($532,000) 
New Mexico Funds 
(1,108,000)  

T o t a l  Investment 
($1,640,000)  

1980 W a s e  #1 "Case 111 ;':Case 112 +Case  #2 
Base 1985 Gas 1991 Gas 1985 Gas 1991 Gas 
* costs c o s t s  } c o s t s  costs 

2 . 5  3.6  1 . 7  2 . 4  2 .7  

5 . 2  7 .5  3 . 5  * 4 .8  5 . 5  

12.3 11 .2  5 .0  7 . 1  8 . 2  I 

"Costs S t a r t i n g  i n  1982 
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From the preceeding tabulation and analysis, the overall conclusion is that the 

system is cost effective, and has a pay-off period on the total investment 

ranging from 5 to 12 years, depending on the future natural gas costs. Most 

likely pay-off period, keyed to 1985 natural gas costs, is 7 . 1  years. Con- 

cerning the New Mexico investment, which is the largest share, if all the 

savings are applied, the payoff period is in the range of 5 to 7 . 5  years, keyed 

again to the possible 1985 gas costs. 
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CHEMICAL ANALYSIS n 

Sample 

PG-1 /PI 
/I 7 
!I8 

# lo  
PG- 3 
PG-1 (1980) 
PG-3 (1980) 

Sample 

PG-1 #4 
/I 7 
#8 

# lo  
PG- 3 
PG-1 (1980) 
PG-3 (1980) 

Sample 

PG-1 {I4 
# 7 
b8 

# l o  
PG- 3 

Sample 

PG-1 #4 
/I 7 
/I8 

# lo  
PG-3 
PG-1 (1980) 
PG-3 (1980) 

Sample 

PG-1 #4 
# 7 
#8 

# l o  
PG-1 (1980) 
PG-3 (1980) 

6.17 6.59 627.2 80.5 538.4 108.0 1714.8 0 
6.60 4.51 536.3 61.1 325.9 60.4 1123.2 0 
6.64 4.05 504.6 55.2 267.6 49.4 963.0 0 
6.45 3.72 500.7 54.1 232.7 43.2 847.1 0 

6.30 3.11 488 54 143 18.6 584 0 
6.25 3.13 488 52 141 18.8 546 0 

134.2 645 4220 81.6 5.37 .04 3.51 
341.7 402.5 2868 13.03 2.11 c.01 2.70 
422.2 292.5 2416 9.31 1.43 .02 2.41 
458.8 308 2044 7.71 1.11 c.01 2.54 
596.7 343 1748 .15 c.05 c.01 2.28 
620 25 0 
610 240 

2.8 0.11 0.03 1.3 
5.0 0.11 0.02 NA 

1788 110 < .025 <20 5 
1062 280 <. 025 (20 2 
870 346 < .025 (20 5 
758 376 < .025 e o  10 
5 18 489 < .025 1 5 

.007 c.05 c.005 c.0002 

.005 C.05 c.005 c.0002 

.005 c.05 c.005 C.0002 

.005 c.05 c.005 c.0002 

.005 c.05 c.005 c.0002 
c.005 c.05 c.005 c.0002 c.004 <. 

c.004 c.04 c.005 c.05 c.005 C.0002 

330 ,001 .43 
180 . O O l  .26 
180 . O O l  .21 
110 .002 .17 

1.2 .07 .07 

c.001 c.05 Pg-3 .001 .05 
C.001 c.05 
c.001 c.005 .13 
C.001 c.005 
C.002 C.05 0.06 
c.002 c.05 0.14 n 
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METHODOLOGY FOR ADJUSTING THE NATURAL GAS 
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APPENDIX B 

Methodology f o r  a d j u s t i n g  t h e  n a t u r a l  gas  consumption t o  a g iven  b a s e  year. 

1. Adjus t ing  f o r  t h e  u s e  o f  f u e l  o i l .  

= mcfi + MCF equ iva lence  mcf i+l 

Where mcfi+l is t h e  a d j u s t e d  monthly n a t u r a l  gas  consumption, mcfi i s  t h e  

monthly n a t u r a l  gas  consumption, and MCF equ iva lence  i s  t h e  n a t u r a l  g a s  

equ iva lence  t o  t h e  q u a n t i t y  o f  f u e l  o i l .  

2. A d j u s t i n g  f o r  change i n  s team p r e s s u r e .  

= mcfi 2 (300 mcf p e r  day x no. of  days)  i+ 1 mc f 

where mcfi i s  t h e  a d j u s t e d  monthly n a t u r a l  g a s  consumption from s t e p  1. 

3.  Adjus t ing  f o r  i n c r e a s e  i n  space  h e a t i n g  and c o o l i n g .  

( square- footage) i+ l  

( squa re - foo tage ) i  mcf i+l = mcfi x 

Where ( squa re - foo tage )  

f o o t a g e )  i s  t h e  a r e a  i n  t h e  p reced ing  y e a r .  

i s  t h e  a r e a  i n  t h e  b a s e  y e a r ,  and (square-  i+ 1 
i 

4. Adjus t ing  f o r  c o r r e c t i o n  f a c t o r .  

where D i s  t h e  No. of days when s team was used f o r  h e a t i n g  and M i s  t h e  

No. of days of t h e  month. 
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5. A d j u s t i n g  f o r  t h e  v a r i a t i o n  i n  weather  c o n d i t i o n .  

a p p l i e d  o n l y  t o  t h o s e  months when s team was used f o r  h e a t i n g .  

T h i s  a d j u s t m e n t  is 

- 
Amcfi = mcf ' - mcfi i 

where h c f i  i s  t h e  n e t  n a t u r a l  gas  consumption f o r  h e a t i n g ,  mcfi i s  t h e  

a d j u s t e d  monthly n a t u r a l  g a s  consumption from s t e p  4, and mcfi is t h e  

ave rage  monthly n a t u r a l  gas  consumption d u r i n g  t h e  May - September p e r i o d .  

- 

5.1 ' A d j u s t i n g  f o r  t h e  v a r i a t i o n  i n  h e a t i n g  degree  days  (HDI)). 

5 . 2  A d j u s t i n g  f o r  t h e  v a r i a t i o n  i n  a v e r a g e  wind speed .  

where WS i s  t h e  monthly ave rage  wind speed ,  and a h a s  a n  
e x p r e s s i o n  of 

HDD, 
65OF x 30.4 days 

where 30.4 i s  t h e  ave rage  number of  days p e r  month 

6 .  The monthly n a t u r a l  gas  consumption a d j u s t e d  t o  a g i v e n  b a s e  y e a r  is t h e r e f o r e :  

- 
mcf = mcf + Amcf + mcfe - mcfs 

- 
where mcf i s  t h e  a d j u s t e d  monthly n a t u r a l  gas  consumption,  mcf i s  t h e  

ave rage  monthly n a t u r a l  gas  consumption d u r i n g  May - September ,  Amcf 

i s  t h e  a d j u s t e d  n a t u r a l  gas consumption f o r  h e a t i n g  from s t e p  5.2, mcf, is 
t h e  n a t u r a l  gas  consumption o f  a d d i t i o n a l  s e r v i c e s ,  mcf i s  a d d i t i o n a l  

n a t u r a l  gas  s a v i n g  from c o n s e r v a t i o n  measures .  
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Attachment One to Appendix B 

Sample of Calculations 

Following is an example of calculations applied to adjust the natural gas 
consumption of January 1980 to that of January 1981. 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Omit (Since MCF equivalence = 0) 

mcf i+l 

mcf i+l 

mcf i+l 

h c f  

5.1 Amcfi+l 

5.2 Amcfi+l 

Step 6 mcfi+l 

2,723,016 f t2  
26'542 mcf 2,612,049 ft' 

27,657 mcf 

20 da s 1 + 0.15 x 2 x 27657 mcf 31 days 

30,423 mcf 

(30,423 - 7,713) mcf 
22,710 mcf 

23,687 rncf 

586 
(65 x 30.4) 

23,101 mcf x 4.3 mph (-> 
22,479 mcf 

(22,479 + 7,713 + 0 - 0) mcf 
30,192 mcf, the adjusted natural gas consumption 
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Attachment Two t o  Appendix B 

A n a l y s i s  o f  Geothermal Sav ings  f o r  September  and Oc tobe r ,  1982 

The service of t h e  geothermal  sys tem produced n e t  s a v i n g s  o f  n a t u r a l  gas  of 
5,126 and 5,703 mcf f o r  September  and Oc tobe r ,  r e s p e c t i v e l y .  These s a v i n g s  

were de termined  from two f a c t o r s ;  

1) Decrease  i n  n a t u r a l  gas  consumption a t  t h e  C e n t r a l  H e a t i n g  and Cool ing  

P l a n t  due t o  geothermal  o f f s e t  -- o f f s e t  (A) 

2)  A d d i t i o n a l  h e a t i n g  l o a d  p rov ided  t o  t h e  f o o t b a l l  s t a t i o n ,  i n d o o r  

and ou tdoor  p o o l s ,  and t h e  Nata tor ium -- o f f s e t  (B) .  

Fo l lowing  is  t h e  d e t a i l  a n a l y s i s  o f  geothermal  s a v i n g  of September  and Oc tobe r ,  

1982 : 

September Sav inq  

1) O f f s e t  (A) - d e c r e a s e  i n  n a t u r a l  gas  consumption due t o  geo the rma l  

o f f s e t .  

as consum - N a t u r a l  g a s  consumption o f fse t  (A) = 1 - PerEentage  OfPfset 
100 

- - 7,367 mcf - 7,367 mcf 
1 - 2 7 . 7  

2,822 mcf - - 

2 )  O f f s e t  (B) - a d d i t i o n a l  h e a t i n g  l o a d  p rov ided  t o  t h e  f o o t b a l l  s t ad ium,  

i n d o o r  and ou tdoor  pools, and t h e  Nata tor ium 
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H e a t i n g  Load 1 
Offse t  (B) = O v e r a l l  E f f i c i e n c y  10’ Btu/mcf 

- 9.03 x l o8  Btu x 1 - 
0.7 x 0 . 8  x 0.7 lo6 B t t d m c f  

= 2,304 mcf 

Thus,  t o t a l  n a t u r a l  gas  o f f s e t  f o r  September = O f f s e t  (A) + 0ffs.et (B) 
= 5,126 mcf 

Oc tobe r  S a v i n g  

1) Offset (A) - d e c r e a s e  i n  n a t u r a l  gas  consumption due t o  geo the rma l  

off set. 

O f f s e t  (A) = 3,655 mcf-k 

:k(The term 3,655 mcf i n  t h e  above e q u a t i o n  i s  t h e  o f f s e t  accoun ted  f o r  v a r i a t i o n  
i n  wea the r  c o n d i t i o n s  as t h e  s team p r e s s u r e  was i n c r e a s e d  to 100 p s i g  f o r  s p a c e  
h e a t i n g  on October 13, 1982). 

O f f s e t  (B) - a d d i t i o n a l  h e a t i n g  l o a d  p rov ided  t o  the f o o t b a l l  s t a d i u m ,  

i n d o o r  and ou tdoor  p o o l s ,  and t h e  Nata tor ium.  
2) 

Hea t ing  l o a d  1 
Offse t  (B) = h e r a l l  e f f i c i e n c y  lob Btu/mcf 

- 9.03 x lo8 Btu 1 
0.441 10’ Btu/mcf - 

= 2,048 mcf 

Thus,  t h e  t o t a l  n a t u r a l  gas  o f f s e t  f o r  October  = O f f s e t  (A) + O f f s e t  (B) 
= 5,703 mcf 
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APPENDIX C 

OXYGEN CONTROLLERS 

c- 1 



APPENDIX B: C a l c u l a t i o n  of Saving from t h e  Oxygen C o n t r o l l e r .  

B a s i s  ; (1) N a t u r a l  gas  i s  90% CH4 , 5% C2H6 and 5% N2 
(2) A complete combustion occur red  

90 CH4 + 180 O2 + 90 C02  + 180 H20 (1) 

50 C2H6 + 17% O2 + 10 C02 + 15 H20 (2 1 

N2 + N2 (3 )  

(1)+(2)+(3) ; 90 CH4 + 5 C2H6+ 5 N2+ 197%02 

Eq. (4) d i c t a t e s  t h a t  f o r  100 MCF of n a t u r a l  g a s ,  197% MCF of  O2 i s  needed 
f o r  t h e  b a s i c  combustion. 

+ 1002C0 + 195 H20 + 5N2 (4) 

Now, c a l c u l a t i o n s  w i l l  be made f o r  two c a s e s  ; 

Case I ; w i t h  t h e  oxygen c o n t r o l l e r ,  15% excess  a i r  (or 2-4;602) 
Case I1 ; w i t h o u t  t h e  oxygen c o n t r o l l e r ,  80% e x c e s s  a i r  (or 10% 02) 

Case I ; Excess  a i r  of 15% 

For  t h e  b a s i c  combustion of Eq. (4), 197% MCF of  O2 is  r e q u i r e d  
f o r  100 MCF of n a t u r a l  gas .  

S i n c e  a tmospher ic  a i r  composi t ion  i s  21% O2 , and 79% N2 

T h e r e f o r e ,  The amount of a i r  r e q u i r e d  f o r  b a s i c  combustion i s  

amount of a i r  - 197.5 MCF - 
0.21 

= 940.5 MCF 

If we a r e  look ing  f o r  15% e x c e s s  a i r ,  

Then, t h e  amount of a i r  r e q u i r e d  = 1.15 x 940.5 MCF 

= 1,081.5 MCF of a i r  f o r  t h c  n a t u r a l  
gas  of 100 MCF 

Case I1 ; Excess  a i r  of 80% 

From Case I, we l e a r n e d  t h a t  t h e  t o t a l  amount of a i r  r e q u i r e d  f o r  t h e  
b a s i c  combustion w i t h  100 MCF of  n a t u r a l  gas i s  e q u a l  t o  940.5 MCF. 
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I f  w e  a r e  look ing  f o r  80% excess  a i r .  

Then, t h e  amount o f  a i r  r e q u i r e d  = 1.80 x 940.5 MCF 

= 1.692.9 MCF of  a i r  f o r  t h e  n a t u r a l  
gas  o f  100 MCF 

Now, combining t h e  r e s u l t s  of  Case I and Case I1 ; 

The excess  - excess  - a i r  r a t e  t h a t  w i l l  go up t h e  s t a c k  a s  was te  h e a t  i s  
e q u a l  t o  

(Air)xs  = Amount a i r  Case I1 - Amount a i r  Case I 

= 1692.9 MCF - 1081.6 MCF 

= 611.3 MCF f o r  e v e r y  100 MCF o f  n a t u r a l  gas  
consumed 

o r  i n  terms of l b s .  = 49,240 l b s  of excess  - excess  - a i r  

Now, i n  terms o f  h e a t  equ iva lence  

Q = (F lowra te)  (Heat c a p a c i t y )  (AT) 

= (49,240 l b . )  (0 .25 BTU j-j-pF) (280 Fo - 80 OF) 

6 = (2.46 X - - l O  Btu f o r  100 MCF o f  burned n a t u r a l  gas  

Annual ly ,  n a t u r a l  i a s  consumption = 200,000 MCF, 

There fo re  t h e  amount h e a t  saved i s  

0 2.46  X lo6 X 200,000 MCF 
100 MCF 4.92 B t u l y e a r  

O r ,  i n  terms o f  n a t u r a l  g a s ,  

MCF = 4,920 - 9 Btu 1 MCF Fuel  saved = 4.92 X 10 - y e a r  10bBtu y e a r  

S i n c e  t h e  annual  n a t u r a l  gas  consumption i s  200,000 MCF, 

T h e r e f o r e ,  t h e  p e r c e n t  f u e l  s ave  = - 4920 x 100 = 2.46% 200,000 

Key P o i n t s :  

1. O u r  c a l c u l a t i o n s  a r e  based  on an  a s s u m e d  complete  combustion 
p r o c e s s  which i s  n o t  t h e o r e t i c a l l y  p o s s i b l e  f o r  t h e  s t u d y  f low p r o c e s s .  
I n  a c t u a l  f a c t ,  incomple te  combustion p roduc t  CO i s  a t  l e a s t  a few 
p e r c e n t  i n  t h e  f u e l  gas .  
t h e o r e t i c a l l y  maximum ( i f  a complete combustion occur ) .  

T h e r e f o r e ,  t h e  sav ing  of  2.46% i s  t h e  
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2. An excess  a i r  f low r a t e  w i l l  t end  t o  reduce  t h e  h e a t  f i l m  r e s i s t a n c e  
on t h e  b o i l e r  w a l l s  c o n t a c t  s u r f a c e s .  Th i s  i n  term w i l l  a c t  t o  i n c r e a s e  
t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  of t h e  b o i l e r ,  w i th  t h e  r e s u l t  
be ing  improved b o i l e r  e f f i c i e n c y .  Thus, t h e  oxygen c o n t r o l  works i n  t h e  
o p p o s i t e  d i r e c t i o n ,  and t h i s  f a c t o r  would t end  t o  l i m i t  t h e  o v e r a l l  
e f f i c i e n c y  gases  of t h e  oxygen c o n t r o l .  

3. 
t es t  t h e  r e s u l t s  o f  c a l c u l a t i o n s  a g a i n s t  p h y s i c a l  r e a c t i o n s  such  a s  t h e  
c a p a c i t y  of t h e  a i r  b lowers .  
e s p e c i a l l y  when u s i n g  t h e  c h a r t s  and f i g u r e s  provided  by t h e  manufac tu re r  
of oxygen c o n t r o l l e r s .  
any p a r t i c u l a r  b o i l e r  system. 
t h e  b o i l e r  a f f e c t  t h e  sav ing  from t h e  oxygen c o n t r o l l e r  g r e a t l y .  

One t e s t  of t h e  claimed e f f i c i e n c y  of t h e  oxygen c o n t r o l s  i s  t o  

I t h i n k  we have t o  c a r e f u l  on t h i s  m a t t e r ,  

Those c h a r t s  and f i g u r e s  a r e  n o t  specific t o  
Both s ize  and o p e r a t i n g  c o n d i t i o n s  of 

Here i s  ou r  r eason  why w e  cannot  b e l i e v e  t h a t  t h e  sav ing  from t h e  oxygen 
c o n t r o l l e r  on our  b o i l e r s  i s  5% of  t h e  t o t a l  n a t u r a l  gas  consumption: 

- I f  t h e  sav ing  i s  5% a s  sugges t ed ,  t h e  annua l  s av ing  would be  

= 0.05  X 200,000 mcf/year  
= 10,000 Btu /year  

X 10 Btu o r ,  an  e q u i v a l e n t  h e a t  of Q = 10,000 MCF - 

= l o l o  B tu /yea r  

o r ,  Q = 19,290 Btu/min (360 days /yea r )  

Now, look  c l o s e l y  when t h i s  i s  t r a n s l a t e d  i n t o  terms of a d d i t i o n a l  a i r  r a t e  ; 

Q = (F lowra te )  ( A i r  h e a t  c a p a c i t y )  (AT) ---------- (1 )  

Data ; A i r  h e a t  c a p a c i t y  = 0.25  Btu / lb°F  ( f o r  temp. 0-500'F) 

where T2 = 
TI = ambient  temp. = 80°F 

t h e  s t a c k  gas  temp. ( a f t e r  t h e  economizers)  E (400-120)OF 

Thus from E q . ( l ) ,  

19,290 Btu/min = (F lowra te )  (0 .25 Btu/ lb .OF) (28O0F-8O0F) 

o r  F lowra te  = 385.8 lbs /min  of a d d i t i o n a l  a i r  

o r  i n  terms of volume f l o w r a t e ,  

F lowra te  = 4,790 cfm @ STD 

n 
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That is the excess-excess-airrate = 4,790 cubic feet per minute @ STD 
Total air flowrate would be 8 ,622  cubic feet per minute @ STD 

This means in the past the boilers were consuming 4,790 cfm more excess air 
than the present. In fact, we can not be certain that the air blowers used 
at the Central Plant would have such excess capacity. 
cfm is only the claimed excess-excess-airrate for the 5% saving, you still 
need additional air to run the basic combustion. 
pressures for boilers 111 and 2 range from 3-inches to 5-inches of water.) 
When you check the rating of our blowers (25 HP @), you may find that our 
air-blowers do not have such capacity to deliver 8 ,622  CFM @ 5 inches of 
water. 

Noting, the 4,790 

(Note; the wind box 

The calculations above suggest two things; 

(a) 

(b) 

We did not have 10% oxygen (or 80% excess air) in the flow gas 
before installing the oxygen controller. 
Those charts and figures from the PPD handout do not directly 
apply to our boilers operating conditions. 

We personally believe that the.main benefit of the oxygen controller is to 
ensure that there is adequate air for the so-called complete combustion, 
and save energy in terms of electricity for the air blowers. 
gas saving from our oxygen controller is less than 2.46% 

The natural 

There is yet another alternative calculation for oxygen controller efficiency. 
This calculation is based on the actual Central Plant data. 
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ALTERNATIVE CALCULATIONS 

Study of Savings from t h e  Oxygen C o n t r o l l e r  

Bas i s  - '  * (1) N a t u r a l  gas  i s  90% Ch4, 5% C2H6 and 5% N2 
(2) A complete  combustion occur red .  

90 CH4 + 180 O2 90 C02 + 180 H20 (1) 

N2 N2 (3) 

(1)+(2)+(3) ; 90CH4+ 5C2H6+ 5N2 + 197&02 + 1ooco2 + 195H20 + 5N2 (4) 

100 MCF of n a t u r a l  gas  from a i r  

Eq.(4) d i c t a t e s  t h a t  f o r  100 MCF of n a t u r a l  gas  used ,  197+ MCF of O2 is needed 
f o r  t h e  b a s i c  combustion. 

S i n c e  t h e  a tmospher ic  a i r  composi t ion  is  21% O2 
amount o f  a i r  r e q u i r e d  f o r  t h e  b a s i c  combustion is e q u a l  t o :  

and 79% N ; t h e r e f o r e ,  t h e  

197.5 
Amount of a i r  = MCF 

0.21 

= 940.5 MCF of a i r  p e r  100 MCF of  na tu ra l  gas  

For  15% e x c e s s  a i r  ; t h e  amount of a i r  = 1.15 X 940.5 MCF 

= 1081.6 MCF 

The amount of exhaus t  gas  (3 15% e x c e s s  a i r  i s  e q u a l  t o  

Exhaust  gas  = 300 MCF t (1081.6 - 197.5) HCF 

= 1184.1 MCF of exhaus t  gas  p e r  100 MCF of 
n a t u r a l  gas  consumed. 

o r  = 95,380 l b s .  p e r  100 MCF n a t u r a l  gas  

For  80% excess  a i r  ; The amount of a i r  = 1.80 X 940.5 MCF 

= 1692.9 MCF 
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The amount of exhaus t  gas  @ 80% excess  a i r  i s  e q u a l  t o  i 
Exhaust gas = 300 MCF + (1692.9-197.5) MCF 

= 1795.4  MCF of exhaus t  gas  p e r  100 MCF 
of n a t u r a l  gas consumed 

o r  = 144,621 lbs. p e r  100 MCF n a t u r a l  gas  

Savings from t h e  Oxygen C o n t r o l l e r  : 

According t o  Rich  MacRorie, t h e  oxygen c o n t r o l l e r  l i m i t e d  t h e  amount of a i r  
f low from 80% e x c e s s  ( b e f o r e  t h e  i n s t a l l a t i o n )  t o  15% excess (a f te r  t h e  
i n s t a l l a t i o n ) .  
t h e  amount of excess  a i r  which c a r r i e s  h e a t  up t h e  s t a c k  as was te  h e a t .  
s a v i n g  can be c a l c u l a t e d  from 

Based on t h i s  change, an energy  s a v i n g s  can occur  from l i m i t i n g  
The 

Ra te  of ene rgy  saved  = (Exhaust gas  r a t e )  (Heat c a p a c i t y )  (AT) 

T2 - T1 where AT = 

T2 = Temperature  of exhaus t  g a s  ( a f t e r  t h e  economizer) 

TI = Temperature  of  t h e  f e e d  a i r  (80x0F) 

Heat c a p a c i t y  = 

Determina t ion  of T,, t h e  t empera tu re  of exhaus t  gas  ; 

0.25 Btu/ lb°F ( f o r  range o f  0 t o  500OF) 

There a r e  r e c o r d s  of t h e  t empera tu re  of exhaus t  gas  ( b e f o r e  t h e  economizer ) ,  
t h e r e f o r e  i f  t h e  e x h a u s t  gas  t empera tu re  drop  a c r o s s  t h e  s t a c k  gas  is known, 
then  t h e  t empera tu re  of t h e  exhaus t  gas  ( a f t e r  t h e  s t a c k  economizer)  can  be  
determined. 

S i n c e  t h e  r a t e  of h e a t  e x t r a c t i o n  from t h e  s t a c k  economizer is known, and t h e  
f l o w r a t e  of t h e  e x h a u s t  gas  is a l s o  known, t h e n  from t h e  ene rgy  b a l a n c e  around 
t h e  s t a c k  economizer ,  t h e  exhaus t  gas  t empera tu re  drop a c r o s s  t h e  s t a c k  can be  
c a l c u l a t e d  by 

Heat  e x t r a c t e d  by t h e  s t a c k  economizer = Heat  l o s s  o f  t h e  e x h a u s t  gas 

= (F lowra te)  (Heat c a p a c i t y )  (ATs) 

Where ATs = Exhaust  gas  t empera tu re  drop a c r o s s  t h e  s t a c k  economizer .  

The c a l c u l a t i o n  of AT w i l l  be  made f o r  two c a s e s  ; 

Case I 50-ps ig  mode ( s a v i n g  from t h e  s t a c k  economizer = 2.22%) 

Case 11 100-psig mode ( s a v i n g  from t h e  s t a c k  economizer = 4.11%) 
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Note: These stack economizer saving are based on our detailed 
review of records for a 15-month period. 

Case I ; 50-psig mode. 

The saving from the stack economizer in this operation mode is 2.22% , or 
the saving of 2.22 MCF per 100 MCF of natural gas. 

@ 15% excess air, the exhaust gas = 95,380 lb. per 100 MCF natural gas. 

I Thus, 

2.22 X 10 Btu = (95380 lb.) (0.25 Btu/lb°F) (ATs) 

or ATs = 93.1'F 

In the 50-psig mode, the average exhaust gas temperature (before the economizer) 
is 375'F. 

= 281.90°F 
Thus the exhaust gas temperature (after the economizer) T2 = (375-93.1) 

Case I1 ; 100 psig mode 

The saving from the stack economizer in the 100 psig mode is 4.11% , or the 
saving of 4.11 MCF per 100 MCF natural gas. 

Thus, 
4.11 X 10 Btu = (95380 lb.) (e.25 Btu/lb°F) (ATs) 

or ATs = 172.4'F 

In the 100 psig mode, the average exhaust gas temperature (before the economizer) 
is 430'F. Thus the exhaust gas temperature (after the economizer) T2 = 
172.4)'F = 257.6'F. 

(430- 

Calculation of saving from the oxygen controller ; 

The saving from the oxygen contrcller by limiting the amount of stack gas 
waste heat can be calculated from 

Savings = (Exhaust gas heat 80% XS) - (Exhaust gas heat @ 15% XS) 

= (AFlow) (heat capacity) (AT) 

Where ,%Flow = (Exhaust gas flow @ 80% XS) - (Exhaust gas flow 
@ 15% XS) 

- T1 AT = T2 
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The calculations will be made for 2 cases ; 

- '  Case I - 50 psig mode 

Basis : 100 MCF of natural gas 

saving = (hFlow) (Heat capacity) (AT) 

= (49241 lb) (0.25 Btu/lb.'F) (281.9'F - 80'F) 
= 2.49 X 10 Btu per 100 MCF natural gas 6 

or, saving = 2.49 MCF per 100 MCF natural gas 

Thus, the savings from the oxygen controller in the 50 psig mode is equal t o  
2.49%. 

Case I1 ; 100 psig mode 

Basis : 100 MCF of natural gas 
saving = (Aflow) (heat capacity) (AT) 

= (49241 lb.) (0.25 Btu/lb'F) (257.6'F-80°F) 

or, saving = 2.19 MCF per 100 MCF natural gas 

Thus, the savings from the oxygen controller in the 100 psig mode is equal 
to 2.19%. 

Overall saving of the oxygen controller ; 

Annual natural gas consumption is 200,000 MCF (70,000 MCF during the 50-psig 
mode, and 130,000 MCF during the 100 psig mode). 

The overall saving is therefore equal to 

overall saving = (0.0249) (70,000 MCF) + (0.0219) (130,000 MCF) 

= 4590 MCF per 200,000 MCF natural gas 

or the overall saving is = 2.30% 

or 4590 MCF of natural gas annually. 

NOTE : The temperature drop of stack gas across the economizer was measured 
by Dean on 6 October, 1983. In the 50 psig mode, the temperature 
drop was 90'F. Thus, our  assumed temperature drop of 93.1'F is a 
little high. 
really have somewhat higher excess rate,'perhaps as high as 20%. 

This suggests that instead of 15% excess air, we 
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APPENDIX D 

STACK ECONOMIZERS PERFORMANCE 

1. 
the Central Plant, the maintenance personnel indicate that the difference be- 
tween the supply and return temperatures on the boiler feed side of the 
economizer range from 15O F to 50° F, with the latter figure only noted when 
one of the large boilers was running full open. 
temperature gain is a function of whether the small or large boiler is used, 
and what load is placed on the boilers. 

2. 
to show theoretical maximum gain from the stack economizers. 
attached. A summary is as follows: 

In reviewing the performance of the stack economizers with personnel from 

To a certain extent, the 

Using these temperature differences, it is a straight-forward calculation 
Calculations are 

Steam Useable % Reduction Yearly M C P  
Pressure T,OF in Natural Gas Savings 

50 psig 
50 psig 
100 psig 
100 psig 

15 
25 
36 
50 

1.50 
2.51 
3.57 
4.97 

1,050 
1,757 
4,641 
6,461 

*Based on annual consumption of 70,000 MCF in the 50 psig mode, and 
annual consumption of 130,000 MCF in the 100 psig mode. 

3. 
stack economizer are in the range of 5,691 to 8,218 MCF per year. 

These calculations tend to suggest that the maximum savings from the 

4. In order to acquire a more precise estimate, we extracted from Central 
Plant records the data on a per shift basis, and have calculated an average 
value of 3.04% for the fifteen-month period. Extracted data included average 
values by shift for steam pressure, inlet and outlet temperatures and natural 
gas consumption. 
produces a value of 7,294 MCF savings since the stack economizers were in- 
stalled. This estimate could be off by as much as 5% (Range from 6,293 to 
7,659 MCF) because of measurement uncertainties in the thermometer and steam 
pressure gages, or in the natural gas meter. At any rate, the estimate is the 
most precise that can be made with available data and does suggest that the 
economizers are saving roughly $29.000 per year at current natural gas prices. 

Using that percentage and the total natural gas consumption, 

Two Enclosures: 
1. Sample Calculations 
2. Computer Output 
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SAMPLE CALCULATIONS 

C a l c u l a t i o n s :  

Normally, t h e  C e n t r a l  P l a n t  is opera t ed  i n  two modes; 

(A) 50 p s i g  (steam tempera ture  = 290OF) 
(b )  100 p s i g  (steam tempera ture  = 338OF) 

I f  two assumpst ions a r e  made about  t h e  tempera ture  g a i n  (AT) a s  fo l lows :  

(1) 

(2) 

During t h e  50 p s i g  mode, t h e  tempera ture  AT gained  from t h e  s t a c k  
economizers ranges  from 15 t o  25OF 
During t h e  100 p s i g  mode, t h e  t empera t a re  AT gained  from t h e  s t a c k  
economizers ranges from 36 t o  SOOF, 

t h e n ,  t h e  p robab le  b e n e f i t  of t h e  s t a c k  economizers can be  e s t ima ted .  

Bas i s  : 

(A) 50 psig-mode; 

(A-1) without  t h e  s t a c k  economizer,  t h e  t o t a l  h e a t  supply  t o  b r i n g  1 l b  of  H20 
@ 215OF t o  1 l b  of  steam @ 50 p s i g ,  290°F i s  equa l  t o  

1 l b  of f eed  H20 a t  215OF 

Q = s e n s i b l e  h e a t  + h e a t  of  v a p o r i z a t i o n  
= [ (1 lb) x (1 Btu/ lb  OF) x (290-215) OF] + 922 Btu 
= 997 B t u  

(A-2) w i t h  t h e  S tack  economizers ,  t h e  t o t a l  h e a t  supply  r e q u i r e d  would b e  
Q=[(1 l b )  x (1 Btu / lb  OF) x (290-215) OF] + 922 Btu 

= 982 B t u  @ AT of  2S°F 

Similarly, 
Q = 972 Btu @ AT of 25OF 

There fo re ,  t h e  maximum t h e o r e t i c a l  MCF r e d u c t i o n  b e n e f i t  from t h e  s t a c k  
economizers 

AMCF = 

= 1.50 

is  

(997 - 982) x 100% 
997 

% @ AT of 15OF 

S i m i l a r l y ,  
AMCF = (997 - 972) x 100 

997 

2.51 % @ AT of 2S°F 
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(B) 100 psig-mode; 

(B-1) without the stack economizers, the total heat supply required to bring 1 
lb of H20 @ 215OF to 1 lb of steam @ 100 psig, 338OF is equal to 

Q = [ ( l  lb) x (lBtu/lb OF) x (338 - 215) OF] + 884 Btu 
= 1007 Btu 

(B-2) with the stack economizers, the total heat supply required would be 

Q = [(l lb) x (1 Btu/lb OF) x (338 -(215 + 36)) OF] + 884 Btu 
= 971 Btu @ AT of 36OF 

Similarly, 
Q = 957 Btu @ of 50°F 

Therefore, the maximum theoretical MCF reduction benefit from the stack economizer 
is 

AMCF (1007 - 971) 
1007 

x 100 % 

= 3.57 % @ AT of 36OF 

Similarly, 
AMCF = (1007 - 957) x 100 

1007 

= 4.97 % @ AT of 5O0F 
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Summary Data 

E x t r a c t e d  from Computer Analys is  of  S t ack  Economizers Performance 

Data Based on Complete Records* 

Month 

4/82 
5/82 
6/82 
7/82 
8/82 
9/82 

10182 
11/82 
12/82 
1/83 
2/83 
3/83 
4/83 
5 /83  
6 /83  

TOTALS 

4/82 t h r u  
3/83 

% Complete 
Records 

68.89 
90.32 
96.67 
98.92 
90.32 
98.89 
98.92 
96.67 
97.85 
98.92 
96.43 
73.12 
53 .33  
80.65 
78.89 

87.94 

92.15 

Fue l  Fue l  Average 
- Used Saved % Savings 

9,926 
10,961 
6 ,925  
6,331 
6,043 
7,262 

15,467 
24,361 
27,097 
27,972 
22,599 
16,305 
10,955 
11,347 
6,974 

266.2 
201.0 
161.7 
159.7 
150.3 
183.4 
495.5 

1 ,076 .5  
1,412.8 
1 ,303 .1  

978.9 
800.5 
393.6 
166.8 
119.4 

2.54 
1.81 
2.28 
2.46 
2.43 
2.46 
2.99 
4.24 
4.93 
4.44 
4.15 
4.66 
3.06 
1 .43  
1 .7  

210,525 7,869.4 3 .04  

181,249 7 ,189 .5  3.28 

f;If you assume t h e  "incomplete" r eco rds  would show a s i m i l i a r  p a t t e r n ,  t h e n  
t o t a l  gas consumption would be 210,525 - 0.8794, o r  239, 396 MCF, and 3.04% 
savings would produce 7,294 MCF sav ings .  
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APPENDIX 

TOTAL FUND EXPENDITURES DURING CONSTRUCTION 

Loilst r u c t i o n  Funds 

71501 

71502 

71503 
n 
I 
h;, 

71504 

71505 

71506 

BUDGET NM FUNDS 
ESTIMATE -- FUND 715 DOE FUNDS OTHER NM FUNDS 

Pipe1 ine  TOTAL $349.000. 375,472. 
00287 Buried Pipe l ine Mater ia l  $140,000. $177,809. 
00288 Tunnel P ipe l ine Mater ia l  97,000. 62,384. $ 6,928.00 
00289 Bleed Line Mater ia l  8,000. 354. 

nnn 7 447 00290 Water Line Mater ia l  4,  
00291 Pioel ine Labor 100 .._._ r -  - - ~ - -  _. . ,000. 131,432. 

Gas Separator TOTAL 11,000. 18,760 
00292 Steel Tank $ 4 000. $ 7,193. 
00293 Insu l  a t  ion-300. 1,074. 
00294 Excavation-1 2,400. 
00295 Mater ia ls  J&OO. 3 402. 
00296 Labor 2,400. € 4 , 5 3 1 .  

Hot Water Storage Tank TOTAL 76,700. 702,078. 
00297 Steel Tank $ 39,000. $ 50,041. 
00298 I i i su l  a t  i o n  5,000. 

19 , 739. 00299 Excavation 1,500. 
00300 Water Heaters -3- 500 
00301 N. G. Pipel ine 3,000. 

0. 12,26 5. 00302 Mater ia ls 
00303 Labor 20,742. 

Well Pumps Test ing TOTAL 30,720. 66,180. 
00304 Pumps $ 30,720. $ 66,180. $147,006.00 
00305 Resevoir Hydrology & Well 8147,O 06. 

Power Line TOTAL $15.765. 
00306 Mater ia l  8,000. 
00307 Labor 2. 9,750. 

00308 HFat Exchangers 42,000. 30,472. 

---------- ____------ 
+i:0. 

$9.750. ---------- 

Primary Heat Exchangers TOTAL $ 48,000. $ 37,340. 

00309 I n s t a l l a t i o n  Labor 3,000. 4,862. 
00310 Mater ia ls  I .  2,014. - 



e e 
71507 

7 ison 

I1 509 

71510 

W 
I 

71511 

71512 

Pool €*changers ioini. J 6,000. $ 8.165. 
00311 llmt Frrhanncrrs 4.500. 2.823. 

I leat  Exc1iaiigr.v Cqtiipsciit Bui  l d i i i g  TUTAL $ 27,500. $ 23.519. 
00314 Mater ia ls  14,000. 8,215. 

15,402. 

I tis trwneii ta t loii and Contro ls  TOTAL $ c9,ono. $ 101,286. 
003lG Contro l  Valves 34 000. 33,159. 

00318 Ins trumenlat i o n  _I--.- 

---- 
00315 Labor --- 0.500. _--- --- 

-- - ---- .- 
U0317 Iii-Liw P u n p s - ~ ~  _____-.-- 

00319 Labor 25,000- 30,206. ---- 
B u i l d i n g  Retrofit ioinL $ 60.000. $ 50.770. 

17,089. 
00320 Mater ia l  $ 5,089. _-_-- 
00321 Labor 
(I0322 P s i  Mater ia l  
00323 Lalior 

-- -_- - - - - - 
--- -- 

Oisnosal Svstem Taint. S 65.000. $ 50.770 , -  a -  

~ ~ - -  5;ooo. 6.370. 00324 Disposal P ipe l ine  H a t e r l a l  
00325 Labor 

00327 Mater la l  - 5 , 0 0 0 .  116. 

15 000 . -32. -__- 
00326 Olsposal Well $ b&o. $70.000 

CHO Fund 726) 

Local Trai isportat lon 
and Eqaipaent Reii laI TOTAL $ 15,315. $ 8.398. 

00320 NHsu/PsL Vehicle Use 7.315. $ 3.477. 
00329 Eqitipaenl Rental 

( cons t ruc t  1 on equ 1 paien t ) 8,000. 4.921. - ~ - -  -- 
71513 Cont inoeiicv 

00350 A- $ 40.000. 

P r o j e c t  Management. and Mon i to r ing  
$188,994. 

EMU UCSIGW FUNDING; 
$125 000 -..-__- mr------ -3e29,ooo.o7,-mm. - - - t rSsf6a0.  
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APPENDIX F 

Alternative Method for Estimating Natural Gas Savings 

1. General 

There is an alternative method of computing geothermal costs avoidance, 

which is based on actual useable BTU's delivered to the campus. 

are measureable values, and one can use the imputed end-use system conver- 
sion and central plant efficiency to estimate natural gas offsets. 
this regard, the Director of the NMSU Physical Plant Department suggested 
these two efficiencies have a combined value of 68-70 percent. 
Central Plant average burner efficiency of 73.25%, the distribution and 
end-use efficiencies would hate to be 93-96% for this number to be correct. 

In fact, we measured end-use efficiency at 65%. 
football stadium and natatorium facilities are significantly different 
from the domestic hot water systems in the other buildings, an adjustment 
has been made to accomodate different values previously measured. 

These 

In 

Considering 

Moreover, since the 

2. Based on the alternative method described above which ignores distribution 
losses, we estimate that the minimum geothermal cost avoidance for February 

was 5,227 mcf, which is $ 25,037 at $4.79/mcf. 

reduction is larger than the actual February decrease (compared with the 
previous year) and relatively close to the data derived from the previous 
estimate. Calculations are attached. 

Please note that this 

Attachments: 

1 Summary of February 1983 Geothermal Cost Avoidance 

n 
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Geothermal Cost  Avoidance Summary 

February  1983 

( A l t e r n a t i v e  E s t i m a t e )  

(Data based on a c t u a l  system measurements on 11, 18, and 21-25 March which a r e  

assumed t o  be r e p r e s e n t a t i v e  of February  d a t a . )  

1. Flow r a t e  f o r  Geothermal Heated Water.  

Nata tor ium Complex: 52.5 gpm (Outdoor Pool 45 gpm, indoor  pool 5 gpm, 

space  h e a t  2 .5  gpm) 

Othe r  u ses :  - 55 gpm (Dormatory h o t  wa te r )  

TOTAL 107.5 gpm (This  i s  24-hour average  f low,  

d e l i v e r e d  t o  t h e  campus a t  135-136OP. 

2 .  Cost  Avoidance 

Domestic Hot Water: 

F o o t b a l l  Stadium Heat ing:  

Nata tor ium Complex 

Indoor  Pool 
Nat  Space Heat  

Nat Hot Water 

Outdoor Pool 

( c o s t  avoidance)  

mcf saved 

2,917 

424 

248 

114 
160 

3,863 

1,364 

5,227 

$ saved 

$13,972 

2,031 

1,188 

5 46 
766 

$18,503 

$ 6,534 

$25,037 

NOTE: Above c a l c u l a t i o n s  exc lude  d i s t r i b u t i o n  steam system l o s s e s ;  t h u s ,  

t h e  s a v i n g s  and c o s t  avoidance  might be u n d e r s t a t e d .  

I n c l  1 
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Las Cruces Natural Gas Consumption 

1 .  Las Cruces natural gas system is a wholesale activity, with a city-owned 
distribution system, and a locally-owned subsidiary (Rio Grande Natural 
Gas Company). Records are maintained separately, but are all administered 
by the Controller's office for the City. 

2 .  Records and reports were made available by the city, which depict for 
both wholesale companies the number and type of users, and the consumption 
of gas by user type and category. 
for the period 1980-1983. 

Recdrds are available for each month 

3 .  The number of users varies by season, but does show a distinct increase 
consistent with growth pattern. In summary form, the records show a 
typical winter/summer variance as follows (1982 data): 

Total Yearly Consumption 

User MCF Winter High Summer Low 
Category (e14.73  psi) User Count User Count 

Residential 923,338 19,068 17,147 

Commercia 1 942,897 1,527 1 ,402 

TOTAL 1,866,235 20,595 18,549 

4 .  Commercial users include such large consumers as NMSU and Sandy Land 
Nurseries, plus a large number of smaller operations. Because the 
commercial sector includes some process heat (L'EGGS and other semi- 
industrial users) the residential sector consumption is considered to be 
a better statistical base from which to attempt to assess the effects of 
weather on natural gas consumption. 

5 .  After adjustments were made to the 1982-1983 data to remove the effects 
of increases in users, residential consumption still showed an 16.11% 
increase over the previous year. This increase is an accurate reflection 
of the colder weather for the 1982-1983 year. Notably, December 1982 was 
up 33.45%,  January 1983 increased by 23.28%,  and April and May 1983 
increased by 52.43% and 12.94% respectively compared with the previ.ous 
year. See attached tabulation enclosed. For just the normal heating 
heating season of November through April, the cooler weather (22  percent 
by heating degree day measure) resulted in a 22 .9  percent increase in 
natural gas consumption. (Encl. 1)  
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6 .  A similar analysis was made for the commercial only sector, and for the 
combined residential/commercial usage. As expected, because the commercial 
usage is relatively independent of weather effects, the weather correlation 
is not as distinct. Also attached are the comparative evaluations for 
winter 1980-1981 compared with winter 1981-1982. As expected, the winter 
1981-1982 was warmer than the previous year, and consumption was reduced. 

7. In reviewing the comparative data for Enclosure 1, several apparent 
inconsistencies can be resolved. Some of the residential usage in summer 
months is natural-gas operated refrigerated air conditioning equipment. 
Whether or not some of the new users employ this type of equipment 
cannot be determined without an exhaustive review of individual records. 
Lacking this, it would appear a warmer than normal summer would act to 
increase natural gas consumption. However, since the non-space heating 
months account for only 3,800 of the total 147,000 MCF variance, the 
effects are negligible. 
of consumption in March 1983. 
than the previous year, another explanation is likely. From the large 
volume of user complaints and inquiries, the city representatives deduce 
that likely there was a sharp drop caused by voluntary conservation.- 
The cold weather in December and January occurred simultaneously with a 
sizeable rate increase. 
and by April the users had accommodated to the higher prices and used 
their heaters again. 

A more significant factor is the decreased level 
Although March of 1983 was a little warmer 

User'protests were reflected in March consumption, 

8. To correlate changes in consumption resulting from colder weather, the 
only available data are from the NMSU Weather Station. 
the large variations in the city the size of Las Cruces caused by 
topography make the use of NMSU data extrapolated city-wi% prone to error. 
In fact, a temperature variance can exist of as much as 7 F between the 
valley and the East Mesa. 
load, and the wind effects are even more variable through-out Las Cruces. 
Accordingly, only a general trend can be safely deduced from available data. 

By many observers, 

Wind efforts have a large effect on the heating 

7 Enclosures: 

1. 
2. 
3. Commercial only (1982-1983 vs 1981-1982) 
4. Commercial only (1981-1982 vs 1980-1981) 
5. Residential and commercial (1982-1983 vs 1981-1982) 
6. Residential and commercial (1981-1982 vs 1980-1981) 
7. 

Residential only (1982-1983 vs 1981-1982) 
Residential only (1981-1982 vs 1980-1981) 

Comparitive weather data, NMSU Weather Station, Dr. Norm Malm 
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Las Cruces Residential Natural Gas Consumption (1982-1983 compared with 1981-1982) 

% "We at he r " 
1982-83 1981-82 Variance User Adjusted Induced Change 

Month Actual Actual 81-82 to 82-83 Factor Variance 81-82 to 82-83 

Jul 26,407 23,709 

~~~ ~~ 

2,698 1.029 1,954 8.24 

Aut? 25,178 23,828 1,350 1.018 905 3.80 

SeP 24,476 23,124 1,352 1.018 9 19 3.97 

Oct 30,507 28,848 1,659 1.013 1,267 4.39 

Nov 73,185 68,625 4,560 1.011 3,764 5.48 

Dec (82) 184,193 (81) 134,925 49,268 1.023 45,127 33.45 
la 
P 

Jan (83) 248,049 (82) 195,347 52,702 1.030 45,477 23.28 

Feb 173,653 157,939 15,714 1.030 10,656 6.75 

Mar 126,148 133,369 -7,221 1.020 -9,695 -7.27 

AP r 122,725 78,016 44,709 1.032 40,904 52.43 

May 53,815 46,306 7,509 1.029 5,992 12.94 

-_ -- Jun NA 30,794 -- NA 

TOTAL 1,088,336 914,036 188,742 147,270 16.11% 
(11 Months) 
Based on approximately 19,000 residential customers connected to the Las Cruces/Rio Grande Natural Gas CO. 



c 
Residential Only (1981-1982 compared with 1980-1981) 

c 
% "Weather" 

Adjusted Induced Change 
Variance 80-81 t o  81-82 

1981-82 1980-81 Variance User 
Month Actual Actual 80-81 to 81-82 Factor 

Jul  23,709 24,294 -585 1.035 -1,387 -5.71 

Aut2 23,828 22,414 1,414 1.045 388 1.73 

SeP 23,124 23,660 -536 1.041 -1,447 -6.12 
~~ 

Oct 28,848 30,588 -1,740 1.049 -3,088 -10.10 

Nov 68,625 93,016 -24,391 1.026 -26,130 -28.09 

Ca Dec (81) 134,925 (80) 167,474 -32,549 1.022 -35,453 -21.17 
cn 

Jan (82) 195,347 (81) 196,756 -1,409 1.030 -7,099 -3.61 

Feb 157,939 174,722 -16,783 1.030 -21,383 -12.24 

Mar 133,369 131,439 1,930 1.031 -2,080 -1.58 

APr 78,016 93,268 -15,252 1.028 -17,377 -18.63 

May 46,306 35,631 10,675 1.035 9,109 25.56 
~~~~ ~ 

JUn 30,794 27,698 4,837 1.030 3,096 11.18 

TOTAL 944,830 1,020,960 -76,130 
(12 Months) 

-102,851 -10.07% 



9 

Commercial Only (1982-1983 .compared with 1981-1982) 

User 
\ 

1982-83 1981 -82 vahance  
Month Actual Actual 81-82 to  82-83 Factor 

% "Weather" 
Adjusted Induced Change 
Variance 81-82 t o  82-83 

~ 

Ju 1 39,511 41 , 262 -1,751 1.025 -2,715 -6.58 

Aug 38 , 062 44 , 048 -5 , 986 1.015 -6,548 -14.87 

Sei) 60,309 42 , 734 17,575 1.035 15,536 36.35 

Oct 64 , 604 64,416 188 1.017 -892 -1.38 

Nov 1 16,280 121,595 -5,315 1.024 -8 , 040 -6.61 

Dec (82) 173,469 (81) 141,557 31,912 1.054 23,025 16.27 
T I  

m 
Jan (83) 167,552 (82) 139,878 27,734 1.047 20,213 14.46 

Feb 129,246 138,410 -9 , 164 1.030 -12,928 -9.34 

H i 1  K 114,8512 118,346 -3,454 1.034 -7 , 233 -6.11 

APr 101,084 77,998 23,086 1.041 19 , 105 24.49 

May 58,645 53,663 4,982 1.046 2 , 403 4.48 
~~ ~~ 

-- -- NA Jun NA 43,996 -- 

TOTAL 1,063,654 983 , 847 79,807 41,926 4.26% 

(11 Months) 



c 
Coinmercial Only (1981-1982 compared with 1980-1981) 

X "Weather" 
1981-82 1980-81 Variance User A d j u s t e d  Induced Change 

Month Actual Actual 80-81 to 81-82 Factor Variance 80-81 to 81-82 

Jul 41,262 41,576 -314 1.004 -478 -1.15 
~ ~~ ~ ~~ 

Aug 44 , 048 38,676 5,372 1.022 4 , 424 11.44 

SeP 42 , 734 41,866 868 1.004 698 1.67 

Oct 64,416 54, 328 10,088 1.028 8,333 15.34 

Nov 121,595 136,911 -15,316 1.010 -16,520 -12.07 

Dec (81) 141,557 (80) 151,859 - 10,302 1.004 -10,866 -7.16 
___-__-__ - 

Jan (82) 139,818 (81) 159,099 -19,281 1.021 -22, 157 -13.93 

Feb 138,410 131,498 6,912 1.030 2,881 2.19 

Mar 118 , 346 97,928 20,418 1.033 16,637 16.99 

APr 77,998 80,296 -2,298 1.020 -3,827 -4.77 

Hay 53,663 51,110 2,553 1.029 1,041 2.04 
~ ~~ ~~ ~ ~- ~~ 

Jim 43,996 45 , 605 -1,609 1.037 -3, 179 -6.97 
_- 

TOTAL 1 , 027,843 1,030,752 -2,909 
(12 Months) 

-20,313 -2.23% 
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c c 
Residential and Commercial (1981-1982 compared with 1980-1981) 

% "Weather" 
1981-82 1980-81 Variance User Ad jus ted Induced Change 

Month Actual Actual 80-81 t o  81-82 Factor Variance 80-81 to 81-82 

Jul 64,971 65,870 -899 1.032 -2,914 -4.42 
~ ~ ~~ ~ ~ ~~ ~ ~~ 

Aug 67,876 61,090 6,786 1.043 3,988 6.53 

SeP 65,858 65,526 332 1.038 -2,079 -3.17 

Oct 93,264 84,916 8,348 1.048 4,076 4.80 

Nov 190,220 229,927 -39,707 1.025 -44,347 -19.29 

Dec (81) 276,482 (80) 319,333 -42,851 1.020 -48,272 -15.12 
rn 
rD 

Jan (82) 335,165 (81) 355,855 -20,690 1.030 -30,452 -8.56 

Fcb 296,349 306,270 -9,921 1.030 -18,553 -6.06 

Ma r 251,715 229,367 22,348 1.031 14,779 6.44 

APr 156,014 173,564 -17,550 1.027 -21,652 -12.47 

nay 99,969 86,741 13,328 1.035 9,847 11.35 

Jun 74,790 73,303 1,487 1.031 -762 -1.04 

TOTAL 1,972,673 2,051,762 -79,089 
(I2 Honths) 

- 136,341 -6.65% 
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APPENDIX H 

CALCULATION OF NET ENERGY ANALYSIS 

The following are detail calculations of net energy analysis, by category, for 
total energy crpcnded on the projcct in 15 years. 

considered free anti renewable. 

The geothermal resource is 

Well Drilling 

There is a total of s i x  drillad wells. 

in our type of formation is as follows; 
The energy requirement for well drilling 

(a)  Two 100 HP machineries which consumed 5-10 gal/hr cnch. 

(b) Drilling rate of 25-50 feet per hour. 

(1) PG-1 and P G - 3 ;  cacti 850 feet, 10-inch well. 

(a)  Fuel; each 10 gal/hr 

(b) Drilling rate; each 25 ft/hr 

Total fuel consumed = 24,850 ft (10 gal/hr> 
(25 ft/hr) 

= 680 gallons 

( 2 )  Observation well OW-1; 850 feet, 4-inch well. 

(a)  Fucl; 6 gal/hr 

(b) Drilling rate; 40 ft/hr 
Total fuel consumed = 850 ft ( 6 gal/hr) 

(40 ft/hr 
= 128 gallons 

n 
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( 3 )  UP-1 (looo'j and DT-2 (1200'); 2 3/8-inch wclls. 

(a) 1:ucL; 5 gal/hr 

(b)  Drilling rntc; SO ft/hr 
Tot;il fucl consiimcd = 2200 ft ( 5 gal/lir) 

(50 ft/hr) 

= 220 gallons 

( 4 )  GD-2; 1,000 feet of drilling. 

(a) Fuel; 7 gal/lir 
(b) Drilling rate; 30 ft/hr 

Total fuel consiimctl = 1,000 ft ( 7 gal/hr) 

(30 ft/hr) 
= 233 gallons 

(5) Transportation energy for well drilling. Assume 500 miles of transporta- 
tions of rig and other rclatcd materials for each well drilling, also assume a 

vehicle mileage of 10 mpg. The total fue l  consumption is therefore equal to; 

= 300 gallons 'I'ralisportntiori fuel = 6 x 500 miles 

10 mile/gal 

Combining all items, the total cricrgy of well drilling is equal to 1,560 gallons 
of fuel which is cquivillcnt to; 

IYI'U equivalent = (1,560 ga1)(135,000 BTU/gal) 

= 211 x lo6 BTU 

33.5.4.2 Wc?ll Completion 

The energy cspciidcd for well completion may be categorized into; 

(a) Encrgy corisumptioii for iron and stcel making, plus design weight 
of mctol uscd to f a b r i c a t e  well casings, well pumps, pump columns, 

c tc .  
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f h )  Fuel consumption for wcll completion such as fuel for machineries 

used in setting well casings, and well pumps. 

(1) PG-1 and PG-3; 

2 x 850 fcet of 10-inch casing = (2 x 850 ft)(40.5 lbs/ft) 

2 x 650 fcet of 5-inch pump column = (2 x 650 ft)(14.6 lbs/ft) 

2 x 650 fcct of 2-inch o i l  tube = (2  x 650 ft)( 3.7 lbs/ft) 

2 x 650 leet of 1 3/16-inch shaft = (2 x 650 f t ) (  5 lbs/ft) 

Sub Total = 104,980 lbs 
Plus pump bowl and motor - - 241,500 lbs 

(2) ow-1; 

850 feet of 4-inch casing = (850 ft)(l0.8 lbs/ft) 

= 9,160 lbs 

(3) DT-1 (1000') and DT-2 (1200'); 

Each well is of 2 5/8-inch hcavy woll casing 

Totnl weight = (2,200 ft)(7.7 lbs/ft) 

= 16,940 lbs 

( 4 )  CD-1 and GD-2; 

Each well is of 8-inch casing, and complcted to 500 feet. 

Total weight = (2 x 500 ft)(24.7 l b s / f t )  

= 24,700 lbs 

Combining (l), (2), ( 3 )  and (4). thc total weight of steel required for well 
completion = 155,800 lbs. Energy rcquircd to fabricate 155,800 pounds of steel 

materials is; 

Energy c-onsumcd = (155,800 lbs)(3,500 lb/lb) 

= 556 x 10' BTU 

H - 4  
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Fuel consiimpt ion i n  s e t t i n g  and completing w e l l s  is  a l s o  cons ide red  a s  expc:~id(:d 

cncrgy.  

of f u e l  used for system w e l l  complet ion.  Th i s  is e q u i v a l e n t  t o ;  

I t  W;IS e s t i m a t e d  from t l i c  s i z e  of  machilicries used t o  be 700 g a l l o n s  

Energy conslimed = (700 g a l )  (135,000 BTU/gal) 

= 45 x 10' BTU 

T l ~ c  t o t a l  energy f o r  w e l l  completion is  t l i e r c f o r e  (556 + 95) x 10' BTU 

o r ,  = 651 x 10' BTU 

3 3 . 5 . 4 . 3  P ipe  F a b r i c a t i o n  

\ 

The system p i p e l i n e  c o n s i s t s  of  both s t c e l  and asbestos-ccment  p i p e s .  Energy 

consumption for p i p e  f a h r i c a t i n g  was based on t h e  pub l i shed  f i g u r e s  of energy. 

f o r  s tee l  and asbestos-cement making. 

( I )  Insulated p i p e s  (Tcmpt i t e ) ;  

1 ,100  f e e t  of 4- inch p ipc  ( P G - 3  to gas s e p a r a t o r ) ,  

S e c t i o n  weight = (1,100 f t ) ( 1 9  l b / f t )  = 20,300 l b s  

4,650 f e e t  of 6- inch p ipe  (gas s c p a r a t o r  t o  I l / E ) ,  

S e c t i o n  weight = (4 ,650  ft)(8,400 f t ) ( 2 3  l b / f t )  = 193,200 Ibs  

T o t a l  t e m p t i t e  p i p e  w e i g h t  = 321,050 I b s .  S i n c e  t h e  ellergy for  f a b r i c a t i n g  

nsbestos-cemc.nt 1 ,200  BTU/lbs, t h e  t o t a l  e q u i v a l e n t  BTU f o r  f a b r i c a t i n g  

p i p e s  i s ;  

Energy conslimption = (321 ,050  11)s) ( 1 , 2 0 0  BTU/lb) 

= 385 x 1 0' 13'1'U 

( 2 )  Uninsulntcd asbcstos-cement  p i p c ;  

2500 fee t  of  6 - inch  asbestos-ccmcnt  p i p e  from If/E main II/E t o  d i s p o s a l  we l l ,  

S e c t i o n  h e i g h t  = (2,500 f t )  ( 1 2 . 3  l b / f t )  

= 30,750 l b s  
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The e q u i v a l e n t  energy f o r  f a b r i c a t i n g  t h i s  p i p e  s e c t i o n  is; 

Equivalcirl. BTU = (30,750 l h s ) ( 1 , 2 0 0  BTU/lb) 

= 37 x IO6 DTU 

(3 )  S teep  p i p s  f o r  d i s t r i b u t i o n  of DIN to a l l  cnd u s e r s ;  

2,500 f e e t  of  6- inch  p i p e ;  weight = (2,500 f t ) ( 1 9 . 0  l b / f t )  

3,500 f c c t  of 4- inch  p i p e ;  weight = (3,500 f t ) ( 1 0 . 8  l b / f t )  

3,000 f e e t  of 3- inch  p i p e ;  weight  = (3 ,000 f t ) ( 7 . 6  l b / f t )  

3,000 f c x t  o f  2- inch p i p ;  weight  = (3,000 f t ) ( 3 . 7  l h / f t )  

T o t a l  S t e e l  = 121,900 lbs 

Equiva len t  BTU for stccl making = (121,900 lbs ) (3 ,500  BTU/lb) 

= 427 x 10' BTU 

( 4 )  Misce l laneous ;  

T o t a l  weight of miscc l lnnoous  items such as  v a l u e s ,  f i t t i n g s ,  and system 

componcnts f o r  6- inch  , 4 -  inc:li , 3-inct1, and 2- inch  p i p i n g  is approximately 

60,000 pounds, and t h c  cqu jvn lan t  MTU = (60,000 lb s ) (3 ,500  BTU/lb). 

= 210 x 10' BTU 

Combining (1) .  ( 2 ) .  (3)  and f 4 ) ,  t h e  t o t n l  cnergy consumed f o r  p i p e  f n b r i c a -  

t i o n  is equal  to 1,059 x 10' BTU. 

3 3 . 5 . 4 . 4  tiant Exchangers,  gas  s e p a r a t o r s ,  and h o t  water  s t o r a g e  tank  

(1) Heat Exchangers ; 

Thcre a r e  t w o  l a r g c  u n i t s  n s  prjmary h e a t  exchangers ,  and two smaller u n i t s  

f o r  t h e  indoor  and oii tdoor swimming poo l s .  The t o t a l  weight  of t h e  h e a t  

exchanger system which incli i t las a s s o c i a t e d  p i p i n g ,  v a l v e s ,  and pumps is 

24,000 l b s .  In tcrms of  cxpcndcd energy f o r  f a b r i c a t i o n ;  

Equivalcmt BTU = (24,000 lb s ) (3 ,500  BTU/lb) 

= 84 x l o 6  BTU 
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(2) Gas Scparntor; 
i 

The total weight of the gas separator, plus piping and valves is 20 ,000  lbs; 

Equivalent BTU = (20,000 lbsj(3,500 BTU/lb) 

= 70 x lo6 BTU 

( 3 )  Hot Water Storage Tank; 

The weight of the hot water storage tank is 48,000 lbs, plus 24,000 lbs for 

piping, valves, and pumps. Thus, the total hot water storage system weight 
is 72,000 lbs equivalent of stccl. 

Equivaleiit BTU = (72,000 lbs)(3,500 BTU/lb) 

= 252 x lo6 BTU 

3 3 . 5 . 4 . 4  Insitlation 

Energy expended for fabrication of insulating materials for the system pipe- 

line, and hot watcr storage tank is determined from heat of formation for 

design amount. of insulating materials. Approximately 600 BTU is required for 
processing onc pound of insulation. It is estimated that 20,000 lbs of 

insulation was used for the system pipeline, and 5 , 0 0 0  lbs of insulation was 
used for the hot water storage tank and the gas separator. Energy consumption 
is equivalent to; 

Energy consumed = (25.000 lbs)(600 BTU/lb) 

= 15 x lo6 BTU 

3 3 . 5 . 4 . 5  Installation 

Approximate figures on hourly fuel consumption of trenching and welding 

machinery, plus the total hours of operation in completing the system. 
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(1) Trenchin;:; 

Approximately 300 hours of trench work with two > 00-111' machinery (each con- 

sumed approximately 10 gallong of fuel per hour) ; 

Total fuc.1 used = ( 2  x 10 gal/hr)(300 hrs) 

= 6,000 galloiis 

In terms of B'I'U equivalent, this is  cqual to; 

Energy = (6,000 gal) (135,000 IjTU/gal) 
= 810 x 10' BTU 

( 2 )  Welding; 

Approximately 750 hour.; of welding work which consumed 0.1 x 10' BTU per hour. 

The total energy associated with system welding is, therefore, equal to 

75 x lo6 BTU. 

The total installation energy is t h u s  = (1) + ( 2 )  

= 885 x 10' BTU 

33.5.4.6 Maiiitenance and Opkrations 

(1) Maintenance; 

Due to abnorm<illy frequent well piimp failures, the energy of well pumps and 

system maintciiance can only be crudely estimated for the operation over the 
15-year perioci. The following is L l i e  basis of energy cost estimation; 

(a) Sixteen pump removah which includes s i x  new pumps, four new shafts, 
and four new pump columns replacement. This amounts to 56,960 lbs of 

stccl fabricating the equivalcnt energy for the fabrication process 

is equal to (56,960 lbs)(3,500 BTU/lb), or 199 x lo6 BTU. 
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(b)  Estinate eight hours of operation was required for each piimp removal, 

and a rig of 150 IIP which consumed five gallons of fuel pcr hour was 
nectled. 

Total fuel used = 16 x 8 hours x 5 gal/hr 

= 640 gallons 

equivalent BTU = (640 gals)(135,000 BTU/gal) 

= 86 x lo6 BTU 

(c) Estimate 1,000 miles of vehicle used per operation at fuel consump- 

tion rate of 10 miles per gallon. 

Total fuel consumed = 16 x 1,000 miles x 1 gal/lO miles 
= 1,600 gallons 

or Y equivalent BTU = 1,600 gals)(135,000 BTU/gal) 

= 86 x lo6 BTU 

(2 )  Operations; 

Estimated 30 mile per day of vehicle used at 15 mpg is required on a steady 
basis for maintaining the operation. The total fuel consumption over the 15- 

year period (240 days per year) is equal to; 

Fuel consumption = 30 mile 240 day (15 years) 1 gal 
year 15 miles day 

= 7,200 gallons 
and, equivalent BTU = ( 7 , 2 0 0  gallons)(135,000 BTJ) 

ga 1 
= 972 x 10‘ BTU 

The total maintenance and operations = (1) + (2) 
= 1.473 x lo6 BTU 

33.5.4.7 Energy for Well Pumping 

The system operation energy was based on the actual data of annual electricity 

consumption for well pumping. 

computed at 30% overall efficiency. 

over a 15-year period at-0.5 x lo6 hW-hr per year is  equal to; 

Expended energy for producing electricity was 

The total energy consumed for well pumping 
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Energy consumption = 0.5 x 10' KW-hr 3413 R T U ,  (15 years) 1 
year KW-hr 0 .30  

= 85,325 x 10' UTU 

3 3 . 5 . 4 . 8  Natural Gas Use Replaced 

The energy extracted from geothermal fluid is used for domestic hot water 
heating which otherwise would be heated by burning natural gas. 

natural gas use replaced by geothcfmal energy is determined from: 

The amount of 

(a) The flowrate of domestic hot water; 100 gpm. 

(b) 
(c) The overall system efficiency; this overall system efficiency 

Temperature add (AT) to the domestic water; 75'F. 

includes; the efficiency e€ central heating plant (80%). and end use 
efficiency (65%). 

Energy credit over the 15-yadr project life operation at 240 days per year 
is equal to; 

Energy credit = 
Energy credit = (100 gpm) 500 lb/hr (75'F) 1 BTU 5,760 hre 1 

lb'F year 0 . 8 0  x 0 . 6 5  gP* 

= 623,080 x 10' BTU 
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