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ABSTRACT 

T h i s  f nal report documents t h e  Torbett-Hutchings-Smith 
Memorial Hospi ta l  geothermal hea t ing  p r o j e c t ,  which is  one of 
n ine t een  direct-use geothermal projects funded p r i n c i p a l l y  by 
DOE. The five-year p r o j e c t  encompassed a broad range of techni- 
cal, i n s t i t u t i o n a l ,  and economic a c t i v i t i e s  including:  resource 
and environmental assessments;  w e l l  d r i l l i n g  and completion; 
system design, cons t ruc t ion ,  and monitoring; economic analyses;  
p u b l i c  awareness programs; m a t e r i a l s  t e s t i n g ;  and environmental 
monitoring. Some of t h e  p r o j e c t  conclusions are t h a t :  1) t h e  
155OF Cen t ra l  Texas geothermal resource can support  a d d i t i o n a l  
geothermal development; 2)  p r i v a t e  sec to r  economic incen t ives  
c u r r e n t l y  e x i s t ,  e s p e c i a l l y  f o r  profit-making organiza t ions ,  t o  
develop and u s e  t h i s  geothermal resource;  3 )  p o t e n t i a l  uses f o r  
t h i s  geothermal resource inc lude  water and space heat ing,  poul t ry  
dress ing ,  n a t u r a l  cheese making, f r u i t  and vegetab le  dehydrating, 
s o f t  dr ink b o t t l i n g ,  s y n t h e t i c  rubber manufacturing, and fu rn i -  
ture  manufacturing; 4 )  high maintenance c o s t s  a r i s i n g  from t h e  
geo f lu id ' s  s c a l i n g  and cor ros ion  t endenc ie s  can be avoided 
through proper a n a l y s i s  and design;  5 )  a production system which 
uses a v a r i a b l e  frequency d r i v e  system t o  con t ro l  production rate 
is an a t t ract ive means of conserving p a r a s i t i c  pumping power, 
c o n t r o l l i n g  production ra te  t o  match hea t ing  demand, conserving 
t h e  geothermal resource,  and minimizing environmental impacts. 
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DOE DIRECT-USE GEOTHERMAL PON PROJECT 

P r o j e c t  T i t l e :  Direct U t i l i z a t i o n  of Geothermal Energy 
f o r  Space and Water Heating a t  Marlin, Texas  

:ONTRACT INFORMATION 

Number: DE-AC08-7 8ET27 0 59 
Former No. ET-78-C-08-1154 
Period: 5/15/78 t o  5/31/83 
Value: $1,144,174 
Shares: - U S  DOE $ 868,440 75.9% - State of Texas 81,492 7.1% - T-H-S Hospi ta l  88,722 7.8% - City  of Marlin 5,520 0.5% - Centra l  Texas  S&L 100,000 8.7% 

P r o j e c t  Application: Decrease t h e  Torbett-Hutchings-Smith 
Memorial Hosp i t a l ' s  r e l i a n c e  on f o s s i l  f u e l  for space and 
domestic water  hea t ing  by d i r e c t l y  u t i l i z i n g  the  Marlin 
geothermal resources  in an environmentally acceptab le  
manner. 

P r o j e c t  Location: M a r l i n ,  T e x a s ;  130 miles s o u t h  of  
Dal las ,  Texas 

W e l l  Name/Location: W e l l  No. 1/T.J. Chambers A-12 Survey 

Peak Heat Load: 4.8 x 1 0  Btu/hr 

Annual Heat ,Load: 11.5 x 1 0  B t u ' s  

Break-Even Period: 12.5 years*  

P r o j e c t  S t a tus :  

5310 FEL & 12,020 FWL 
C 

s 

The geothermal hea t ing  system o f f i c i a l l y  
began ope ra t ion  i n  January 1982. Peak w e l l  temperature 
has  reached 155OF. Operation of t h e  complete system has 
been very s a t i s f a c t o r y  and has  reduced t h e  annual average 
natural  gas  consumption by 61 percent. 

P r i n c i p a l  Inves t iga to r :  J. D. Norr is ,  J r . ,  

Firm: T-H-S Memorial Hospi ta l  
Address: P.O. Box 60 

Administrator 

Marlin, TX 76661 

Telephone: (817) 883-3561 

*For profit-making organizat ions.  
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1.1 

1. INTRODUCTION 

T h i s  f i n a l  r e p o r t  fo l lows  a general  o u t l i n e  which was 
developed f o r  a l l  U S  DOE Program Opportunity Notice (PON) geo- 
thermal pro jec ts .  The i n t e n t  of t h e  o u t l i n e  i s  t o  provide 
genera l  uniformity i n  r e p o r t i n g  format and content. Since t h e  
scopes of t h e  p r o j e c t s  vary,  some s e c t i o n s  of t h e  general  o u t l i n e  
may not  be a p p l i c a b l e  t o  a l l  p ro j ec t s .  Sec t ions  not  a p p l i c a b l e  
t o  t h i s  report are so i d e n t i f i e d  i n  those  sec t ions .  

1.2 Dbiec t ives  

1.2.1 US DOE Program Opportunity Notice S o l i c i t a t i o n s  

The p r i v a t e  s e c t o r ' s  use of geothermal energy f o r  
direct h e a t i n g  wi th in  t h e  United States h a s  been q u i t e  l i m i t e d  t o  
date. Y e t ,  t h e r e  i s  a l a r g e  p o t e n t i a l  market f o r  thermal energy 
i n  such areas as  i n d u s t r i a l  processing, agr ibus iness ,  and space/ 
water hea t ing  of commercial and r e s i d e n t i a l  bui ldings.  Technical 
and economic information i s  needed t o  assist i n  i d e n t i f y i n g  
prospec t ive  direct  hea t  users and t o  match the i r  energy needs t o  
s p e c i f i c  geothermal r e se rvo i r s .  Technological u n c e r t a i n t i e s  and 
a s s o c i a t e d  economic risks have inf luenced p o t e n t i a l  user percep- 

e p o i n t  of l i m i t i n g  p r i v a t e  investment 
i n  geothermal direct  heat app l i ca t ions .  

i t a b i l i t y  t o  
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I n  September 1977 and Apri l  1978, t h e  Department of 
Energy, Division of Geothermal Energy (now t h e  Divis ion of 
Geothermal and Hydropower Technologies),  i s sued  two Program 
Opportunity Notices. These s o l i c i t a t i o n s  were p a r t  of DOE'S 
na t iona l  geothermal energy program plan, which had a s  i ts  objec- 
t i v e  t h e  near-term research and development of hydrothermal 
resources  by t h e  p r i v a t e  sector. Encouragement was given t o  
m u n i c i p a l i t i e s  and t h e  p r i v a t e  sector by DOE o f f e r i n g  t o  share a 
po r t ion  of t h e  front-end f i n a n c i a l  r i s k  i n  a l i m i t e d  number of 
f i e l d  experiment p ro jec t s .  After competit ive eva lua t ions ,  23 PON 
p r o j e c t s  were selected from t h e  two Program Opportunity Notice 
s o l i c i t a t i o n s .  Subsequent events  caused four  of these p r o j e c t s  
t o  withdraw from t h e  program. / 

IC, 

To assist f u t u r e  f i n a l  report searches,  a l ist  of a l l  
1 9  DOE Direct-Use Geothermal PON P r o j e c t s  t h a t  w i l l  be using 
t h i s  f i n a l  report format is  presented i n  Table 1-1. The DOE 
r e p o r t  number w i l l  be of the  form DOE/ET/2XXXX-N where 2XXXX are 
t h e  l a s t  f i v e  d i g i t s  of t h e  DOE c o n t r a c t  number (given below) and 
N is  t h e  sequen t i a l  order  of r e p o r t s  issued by t h e  subject  pro- 
ject, p r i n t e d  by the federal government f o r  genera l  d i s t r i b u t i o n ,  
and a v a i l a b l e  through t h e  Nat ional  Technical Information Serv ice  
(NTIS) 

T h i s  f i n a l  report documents t h e  DOE Direct-Use Geother- 
mal PON P r o j e c t  i n  Marlin, Texas. 

1.2.2 Demonstration P ro jec t  

The o b j e c t i v e  of t h i s  p r o j e c t  was t o  demonstrate tech- 
n i c a l  f e a s i b i l i t y  and t o  analyze economics of t h e  d i rec t -use  of 
geothermal energy. To meet t h i s  ob jec t ive ,  space and domestic 
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TABLE 1-1. W E  DIRECT-USE GEOTHERHAL PON PROJECTS. 
P 

! Contract Number Project Name Location DOE Office 
I .  

i 
13 DE -FCO 7 -7 8 ET27 0 5 4 

DE-FC07-78ET27080 
DE-FC07-78ET28419 

DE-AC07-7 8ET284 24 
DE-FC07-78ET28441 
DE-FC07-7 9ET27027 
DE-FC07-7 9ET2702 8 
DE-FCO7-79ET27030 
DE-AC07 -7 9 ET27 0 3 3 
DE-FC07-79ET27053 
DEdAC07-7 9ET270 55 

DE-AC07-7 9ET27056 

Monroe 
Haakon School 
Diamond Ring Ranch 

Ore-Ida Foods 
St.Mary's Hospital 
Utah Sta te  Prison 
Madison County 
Pagosa Springs 
E l k 0  Heat Company 
Boise 
Warm Springs S ta te  
Hospital 
Utah Roses, Inc. 

Monroe, Utah XR 
Phil l ip ,  South Dakota ED 
Haakon County, South 

Dakota I D  

Pierre, South Dakota I D  

Rexburg, Idaho 
Pagosa Springs, Colorado 
Elko, Nevada 
Boise, Idaho I D  
W.S.S.K., Montana 

I D  
Sandy, Utah ID . 

Ontario, Oregon Tn 
Draper, Utah I# 

:: 

DE-ACO3-7 8 ET27 154 K 1  ama t h  F a l l s  Klamath Falls,  Oregon ShN 
DE-AC03-79ET27029 Moana, Reno Reno, Nevada 1AN 
DE-AC03-79ET27040 SUSanVille Susanville, California SAN 
DE-ACO3-79ET27045 E l  Centro E l  Centro, California SlUJ 
DE-ACO3-39ET27017 Aquafarms Dos Palmas Area, California ShN 

DE-AC08-78ET27059 T-H-S Kospital Marlin, Texas EN 
DE-FC08-79ET27058 Navarro College Corsicana, Texas Nv 

L 

requirements of t h e  Torbett-Hutchings-Smith (T-H-SI Memorial 
Hospital i n  Marlin, Texas were augmented us ing  local geothermal 
energy. i 

I 
Marlin is t h e  county seat of Fa l l s  County, Texas and 

I 

I 
l 
i east of Temple. 

I 

had a 1980 populat ion of about 7,100. 
Marlin is s i t u a t e d  130 miles south  of Dal las  and 38 miles 

As depicted i n  Figur 
i 

I 

j 

i 
1 
I 

3 
1 
1) 
i 
I 
I 
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Figure 1-1 Location of Marlin, Texas 
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~ A map of t h e  downtown a rea  of Marlin, showing t h e  
I l o c a t i o n  of t h e  T-H-S Memorial Hospi ta l  and C l i n i c  complex, is 

presented i n  Figure 1-2. The h o s p i t a l  i s  loca ted  a t  322 Coleman 
3 Street. Figure 1-3 shows a plan of t h e  h o s p i t a l  s i t e  and out- I 

j l i n e s  t h e  r e l a t i o n s h i p  of t h e  geothermal w e l l ,  heat exchanger 
bui lding,  and disposal l i n e  t o  the  e x i s t i n g  hosp i t a l .  

1.4 Pfe - Pmiect R a c k a r o u  

I n  an  at tempt  t o  l o c a t e  f r e s h  water i n  1891, t h e  City 
of Marlin dug a w e l l  t o  a depth of more than 3,000 feet. No 
f r e s h  water was found b u t  two s t r a t a  of h o t  mineral  water were 
tapped. A t  f i r s t  t h e  ar tes ian-pressured mineral  water was j u s t  
discharged, b u t  soon t h e  City began us ing  it f o r  f i r e  f i g h t i n g  
and street  sp r ink l ing ,  and s e l l i n g  it t o  public bath houses and a 
few p r i v a t e  res idences.  Local c i t i z e n s  who drank and bathed i n  
t h e  water r epor t ed  i t s  hea l ing  effect f o r  a v a r i e t y  of a i lments  
from rheumatism t o  s k i n  disQrders. 

S t o r i e s  of t h e  mineral  water cures spread throughout 
t he  s ta te  and even t h e  nation. By t h e  l a t e  1890 ' s  a f l o u r i s h i n g  
h e a l t h  spa bus iness  a t t r a c t e d  t r a i n l o a d s  of t o u r i s t s  and pa- 
t i e n t s ,  t h e  l a t t e r  o f t e n  a r r i v i n g  on stretchers and crutches. A t  
i t s  peak i n  t h e  1920 ' s ,  Marlin was t h e  permanent t r a i n i n g  s i t e  of 
t h e  N e w  York Giants  and was a fash ionable  r e so r t .  It supported a 
p r o s p e r o u s  i n d u s t r y  of h o t e l s  ( i n c l u d i n g  H i l t o n ' s  e i g h t h ) ,  

bath houses, and boarding rooms. This  i ndus t ry  had a l l  
b u t  disappeared s h o r t l y  a f t e r  t h e  Second World War as America's 
f a s c i n a t i o n  wi th  mineral  waters  was replaced by t h e  discovery Of 

"wonder drugs. A 

By 1970, t h e  a r c h i t e c t u r a l  reminders of Marl in 's  heyday 
were still  i n  evidence b u t  t he  mineral  waters were no longer  a 
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Figure 1-2 Location of T-H-S Memorial Hospital  i n  
Marlin, Texas 
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commercial a t t r a c t i o n .  However, energy shor tages  and r ap id ly  in- 
c r eas ing  o i l  and n a t u r a l  gas prices renewed community i n t e r e s t  i n  
their  h o t  mineral  waters, now known as  geothermal energy. 

With t h e  advent of soar ing  n a t u r a l  gas p r i c e s  in t h e  
1970's, concerned Marlin leaders began searching f o r  ways t o  use  
t h e i r  geothermal resource. As an a c t i v e  Chamber of Commerce 
member, Mr. J. D. Norr i s  Jr., provided t h e  l e a d e r s h i p  t h a t  l e d  t o  
h i s  h o s p i t a l ' s  response t o  t h e  DOE 1977 PON by forming a s p e c i a l  
Marlin Chamber of Commerce Committee on Energy Resources. As 

shown i n  Table 1-2, t h i s  committee was c o n s t i t u t e d  from a broad 
cross-sect ion of Marlin c i t i z e n s  and i n t e r e s t s .  It was cha r t e red  
t o  promote a l t e r n a t i v e  energy resources  i n  Marlin, inc luding  
geothermal, s o l a r  and l i g n i t e .  

I n  November 1977, t h e  T-H-S Memorial Hospi ta l  submitted 
i t s  proposal ET-H-S 19771 t o  t h e  U S  DOE and t h e  S t a t e  of Texas 
for a cost-share geothermal p r o j e c t  based on t h e  evidence of 
known geothermal resources  beneath Marlin, I n  May 1978, t h e  US 
DOE and State of Texas signed c o n t r a c t s  w i th  t he  T-H-S Memorial 
Hospi ta l  and t h e  p r o j e c t  began. 

1.5 Proiect Scow 

The o v e r a l l  scope of t h i s  p r o j e c t  d i d  n o t  change over 
i ts  course of execut ion and c o n s i s t s  of t h e  fol lowing elements: 

0 D r i l l  and complete a modern, low temperature 
geo the rma l  water wel l  of h i g h  p r o d u c t i o n  
capaci ty .  

8 n 



TABLE 1-2. MARLIN ENERGY RESOURCES COMMITTEE 
MEMBERSHIP 

Administrator,  T-H-S Memorial Hospi ta l  
Pres ident ,  Marlin Chamber of Commerce 
Direc tor ,  Marlin Chamber of Commerce 

Attorney 
Mayor, C i ty  of Marlin 

C i ty  Manager of Marlin 
Direc tor ,  Marlin V.A. Hospital 
Manager, Wallace Business Forms 

Owner, Marlin M i l l s  
Farmers Home Administration 

Superintendent,  Marlin Ind. School 
Publ isher ,  Marlin m v  Democrak 
Manager, S w i f t  Dairy & Poul t ry  CO. 

Physician 
Retired C i t i z e n  

Housewife 
Minority Representa t ive  

Pres ident ,  F i r s t  State Bank 
Investments F i r m  

Manager, Cent ra l  Texas Savings & Loan 
Pres ident ,  Marlin Nat ional  Bank 

Spr inkles  Motor Co. 
W. M. Parrish & Co. 

Q 

e 

Design and cons t ruc t  a geothermal hea t ing  
system t h a t  would provide long  s e r v i c e  i n  
augmenting t h e  h o s p i t a l ' s  space and water 
hea t ing  loads.  

Dispose of t h e  spent  geothermal water i n  an 
environmentally acceptab le  and l e g a l  manner. 

Develop and conduct a p u b l i c  awareness pro- 
gram t o  make o t h e r s  aware of t h e  p r o j e c t ' s  
f e a s i b i l i t y  and success. 

9 



Growth has  already been seen i n  s e v e r a l  areas. 

F i r s t ,  t h e  Marlin Chamber of Commerce i s  now using the  
C i t y ' s  or iginal  1891 w e l l  t o  heat their o f f i c e s  and fu r the r  
demonstrate t o  p o t e n t i a l  new businesses  t he  f u t u r e  b e n e f i t s  t o  be 
der ived  from a geothermal hea t ing  system. 

Second, as a result of t h e  p u b l i c  awareness program, 
iaores *of organ iza t ions  have learned  of this p r o j e c t  through 
presenta t ions ,  news releases, media coverage and brochures. 
Consequently, many i n d u s t r i e s  have inqu i r ed  about r e l o c a t i o n  t o  
Marlin and about i ts  geothermal resource. 

More immediate growth is possible i n  t h a t  t h e  maximum 
output for t he  T-8-S w e l l  can easily achieve 600 ga l lons  per 
minute (gpm), whereas t h e  h o s p i t a l ' s  peak demand i s  only about 
160 gpm. Therefore, t he  p o t e n t i a l  exists t o  supply three more 
users of t h i s  s i z e ,  or dozens of smaller ones. 

10 r? 
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2, SUMMARY 

The o b j e c t i v e s  of t h e  Torbett-Hutchings-Smith (T-H-S) 
Memorial Hospi ta l  geothermal hea t ing  p r o j e c t  have been: 1) t o  
demonstrate t h e  t echn ica l  f e a s i b i l i t y  of direct-use geothermal 
energy, and 2)  t o  use  actual p r o j e c t  data t o  analyze economic 
i n c e n t i v e s  f o r  geothermal i n i  t i v e  i n  t h e  p r i v a t e  sec tor .  
Severa l  a c t i v i t i e s  were underta and completed dur ing  t h e  f i v e -  
year  e f f o r t  which success fu l ly  accomplished these ob jec t ives .  
Table 2-1 b r i e f l y  descri these a c t i v i t i e s ,  I t  se rves  as  a 
concise  summary t o  the  p r  t and t o  t h i s  repor t .  

A c t i v i t i e s  of primary i n t e r e s t  i n  Table 2-1 inc lude  t h e  
system monitoring and economic a n a l  I t  was 'from these 
e f f o r t s  t h a t  t h e  h o s p i t a l ' s  n a t u r a l  gas sav ings  and t h e  p r i v a t e  
s e c t o r ' s  economic i n c e n t i v e s  were derived. F igu re  2-1 i l l u s -  
t ra tes  t h e  impact t h a t  t h  a 1  r e t r o f i t  has  had upon t h e  
T-H-S H o s p i t a l ' s  natural t ion.  From t h e  f i g u r e  it can 
be determined t h a t :  

e t he  monthly peak consumption h been reduced by 
7 5  percent  (from 1740 MCF t o  450 MCF) 

0 geothermal he provides  93 percent  of t h e  peak 
hea t ing  l o a d s  h ich  could be addressed by t h i s  
geothermal resource (i. e, , excluding base loads  
such as cooking, 180°F  domestic water heat ing,  
etc. 1 ! 
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TABLE 2-1. SUMMARY OP T-E-s MEMORIAL XOSPITAL GEOTHERMAL HEATING PROJECT 

e ResourceAsaessaent 

e W e l l  a i l l ing,  cap 
pletion, and Testing 

e mvirorQental and 
Institutional Issues 

e ErananicAnalyses 

e PuhlicAwareness 

0 PIaterialsTesting 

e hvirornaental 
bnitoring 

Based on historical evidence of geothermal resource in Marlin and araLlable 
gealogic data, antidpsted a highly poductive lM*F resour= having less than 
M O O  ppn nS at  a dew of 3400 f t ,  

Instituted measures to  wevent drilling noise frun beaming M e!xvirom&al 
problah 
content is "4000 

Drilled 3885 ft. wel l  which produces 153.F water a t  300 gpn 
Ilar(nnm production rate '600 gpt. 

Anticipted dispaal by injection using old nearby w e l l ,  but injection e s t s  
 wed this *ion mfeasible. Investigated other options and selccted surfarm 
dischacge. After envirornrental surveys and asopr ia te  agency reviws, secured 
appopriate germi ts  for surface discharge. 

Evaluated materials for their CanptibFlity with the F H  gwfldd. Repared 
wdimirvlry and final designs which use a ~ s e a d e d  arrangement of plate heat 
exchangers and which aaere t o  materials and process cnnstraints. 
Issued plans and specifitattons to  cnndid3b Contractors thrm open bidding 
process. Selected amtractor based on price and qualifications. -ction 
pace& on schedule and sygten became fully o p e r a t i d  in J?un~ary 1982. 
Cmcbcted Acceptanae Test and pepred  monitoring logs and Operating mual for 
P E S  Hospitdl personnel. 

conducted a 1 ~ .  mnitoring phase to monitor systen performance, orient +H-S 
permnnel, and assist in troubleshooting as needed. No interruption of geother- 
mal service has been expxienced since qstau stattup in ~anuary 1982. ~n mil 
1982, W i - S  eospital spnsored a dedication cereuuq which was w e l l  attendd & 
the press, mlfn citizens, plitid figures and project participsnts. 

Performed camaaic analyses to evaluate private sector incentives for cantfnued 
developnent of Central Texas geothermal resource. Concluded that larger heating 
loads than those a t  3X-S arc likely neeQd befoxe ecodcs i  becare attractive 
for non-pofit orguzizations, M that e c o d c s  for profitaakFng orqnbations 
can lx&n to be attractive even at  F E S  heating loads. 

'Ihroughcut the project, impl6nented Strategies to  inform general pblic about 
*the& energy and the P H  project, and to  attract potentral w e r m a l  
users. Peaents included press ~Cleases, fact sheets, site sip& system d i e  
plays, color brochures, and audio/visual slide sku. 

ming actual system aperation, iwn&cted 7-month corrosion test of camm 
materials of construction in order to pramte widesgcead w of the Central 
axas geothermal resoure. Identified suitatale materials and amfinned the 
selections =de for the l c H S  gystem. 

conducted field Bampling and hspction of the geofluids surfaoe discharge rohte 

sigdfiarnfly fmFect the requlated surface waters [Brazos River) in the dir 
charge route. Noted that the stom stwet QtcfieaMt pnd which f i r s t  receives 
the geofluid is in a stressed condition, kut a u l d  not detennine Wct by 
'P-B-S discharge in the absence of baseline data. 

and Malyzed U N i t O m t a l  aondition~. oonclU&d that FE-S discharge dDes not 
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Month 

Figure 2-1 Impact of the  T-H-S Geothermal Retrofit On Natural 
Gas Consumption 

13 



0 t h e  a n n u a l  n a t u r a l  gas consumption h a s  been 
reduced by 6 1  percent  (from 11,500 MCF t o  4500 
MCF) 

To eva lua te  the  economics of f u t u r e  Cent ra l  Texas 
geothermal p r o j e c t s  of similar s i z e ,  two ana lyses  were perf ormed. 
These ana lyses  used actual T-H-S c o s t s  and sav ings  data t o  ana- 
l yze  a system equiva len t  t o  t h a t  a t  T-H-S, except t h a t  f i r s t  t i m e  
development and o t h e r  similar c o s t s  were excluded, One a n a l y s i s  
considered a non-prof it organiza t ion  such  a s  t h e  T-H-S Memorial 
Hospi ta l ,  and t h e  o the r  considered a profit-making organizat ion.  
I n  each, discounted cash flow ana lyses  were used t o  determine t h e  
breakeven per iod (payback which accounts  f o r  time value of money) 
and t h e  r e a l  r e t u r n  on investment over t h e  f i r s t  f i f t e e n  y e a r s  of 
operation.* The resul ts  are: 

0 Non-Profit Organization 
-- Breakeven Period 17 y e a r s  
-- Return on Investment 0.2 % above i n f l a t i o n  

over f i r s t  15 yea r s  

0 Profit-Making Organization 
-- Breakeven Period 12.5 y e a r s  
-- Return on Investment 10% above i n f l a t i o n  

over f i r s t  15 yea r s  

Two important f a c t o r s  a f f e c t  these economics : t a x  
b e n e f i t s  and w e l l  u t i l i z a t i o n ,  The resu l t s  i l l u s t r a t e  t h a t  t h e  
t a x  incen t ives  c u r r e n t l y  a v a i l a b l e  t o  profit-making o rgan iza t ions  
have a s i g n i f i c a n t  impact on t h e  economic incent ives ,  Addition- 
a l l y ,  t he  economics of both types  of organiza t ions  could improve 

*30 year  system l i f e  expected 
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immensely i f  hea t ing  loads  l a r g e r  than those  i n  t h e  T-H-S system 
were displaced w i t h  t he  geothermal heat. This improvement would 
occur because t h e  T-H-S hea t ing  loads a r e  l a r g e  enough t o  u s e  

r )  only about  t e n  percent  of t h e  yea r ly  energy which could be 

extracted from t h e  geothermal well. If t h e  w e l l ,  which i s  an 
expensive c a p i t a l  item, were u t i l i z e d  more f u l l y ,  g r e a t e r  savings 
would be achieved a t  minimal a d d i t i o n a l  cos t s ,  and economics 
would improve. 
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3 . CONCLUSIONS AND RECOMMENDATIONS 

The T-8-S Memorial Hospi ta l  geothermal p r o j e c t  has  
encompassed a broad range of technical, i n s t i t u t i o n a l ,  and econo- 
mic a c t i v i t i e s ,  many of which have been pioneering e f f o r t s .  
Accordingly, a g r e a t  dea l  has been l ea rned  i n  t h e  p ro jec t ,  and 
f u t u r e  geothermal development can b e n e f i t  g r e a t l y  from t h e  pro- 
ject ' s  conclusions.  A t o t a l  of f i f t e e n  conclusions and recom- 
mendations are presented below. They are organized as  t echn ica l ,  
institutional/environmental, or economic. 

3.1 Technical Conclusians 

0 The Cent ra l  Texas geothermal resource near 
Marlin can produce l a r g e  q u a n t i t i e s  of rela- 
t i v e l y  c lean  geothermal waters having temper- 
atures i n  excess  of 150°F. I t  i s  capable of 
support ing a d d i t i o n a l  geothermal development. 

e A production system which u s e s  a var iable  
frequency drive WE'D) t o  c o n t r o l  pump speed 
and flow rate  is a reliable, economic means 
of conserving p a r a s i t i c  pumping power, con- 
se rv ing  t h e  geothermal resourcev  and mini- 
mizing environmental impacts. Such c o n t r o l  
systems should be s t rong ly  considered for 
systems wi th  f l u c t u a t i n g  hea t ing  loads. 

17 



0 T h i s  p r o j e c t  has  demonstrated t h a t  substan- 
t i a l  ene rgy  s a v i n g s  can be a c h i e v e d  f o r  
geothermal systems address ing  water and space 
hea t ing  loads ,  even i n  r e l a t i v e l y  mild Texas  
climates.  Other hea t ing  loads ,  e s p e c i a l l y  
process  hea t ing ,  which can use t h i s  155OF 
resource should be considered as  geothermal 
candidates.  Typical candidate  i n d u s t r i e s  
include poul t ry  dress ing ,  n a t u r a l  cheese, 
d e h y d r a t e d  f r u i t s  and v e g e t a b l e s ,  s o f t  
d r i n k s ,  s y n t h e t i c  r u b b e r ,  and f u r n i t u r e  
manufacture. 

0 Careful cons idera t ion  of t h e  geof lu ids  corro- 
s i o n  and s c a l i n g  tendencies  mus t  be given i n  
the  design s t a g e  i f  t hese  maintenance hard- 
s h i p s  are t o  be prevented. Materials t e s t i n g  
results from t h i s  p r o j e c t  should form the  
bas i s  f o r  m a t e r i a l s  s e l e c t i o n s  i n  f u t u r e  
geothermal  p r o j e c t s  h a v i n g  g e o f l u i d s  o f  
similar q u a l i t y .  

0 The T-H-S geothermal system has  not  exper- 
i e n c e d  any i n t e r r u p t i o n  i n  s e r v i c e  s i n c e  
f i n a l  s t a r t - u p  i n  J a n u a r y  1982, t h e r e b y  
d e m o n s t r a t i n g  t h a t  geo the rma l  d i rec t -use  
systems can be r e l i a b l e  and dependable. Much 
of t h i s  r e l i a b i l i t y  can be a t t r i b u t e d  t o  t he  
cor ros ion  and s c a l i n g  ana lyses  used dur ing  
t h e  design s tage.  

0 Piping, valves ,  hea t  exchangers, and o the r  
components contac t ing  t h e  geothermal f l u i d  
must  be c lose ly  s p e c i f i e d  i n  order  t o  provide 
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a long-lived system. Plate hea t  exchangers 
w i t h  s u i t a b l e  p l a t e  ana g a s k e t  m a t e r i a l s  
should be considered. 

I 

J 
0 G e o f l u i d  d i s p o s a l  by i n j e c t i o n  requires 

careful planning of t h e  product ion/ in j  e c t i o n  
w e l l s  c o u p l e t  and c a r e f u l  d e s i g n  of t h e  
i n j e c t i o n  well. These e f for t s  are e s s e n t i a l  
i f  communication between t h e  wel ls  and 
i n j e c t a b i l i t y  problems are  t o  be avoided. 

Ji 
! 

3.2 Institutional/=QnIDenta1 Concl- and Reco- ‘ 8  

0 Well d r i l l i n g  a t  t h e  T-H-S H o s p i t a l  was 
accomplished a t  low noise l e v e l s  and without 
c o m p l a i n t s  from nearby r e s i d e n t s  o r  from 
h o s p i t a l  pa t i en t s .  D r i l l i n g  noise  should n o t  
be considered a hu rd le  f o r  f u t u r e  pro jec ts .  

e Obtaining appropr ia te  permi ts  for t h i s  f i r s t  
geothermal system i n  Texas required i n t e r -  
f a c i n g  d c o o r d i n a t i n g  w i t h  s e v e r a l  
agencies ,  including t h e  Texas Rai l road Com- 
m i s s i o n ,  t h e  T e x a s  Department of Water 
Resources, t h e  Texas  Department of Health, 
t h e  Texas A i r  Control  Board, and t h e  U.S. 

a1 Pro tec t ion  Agency. 
se permi ts  were r e a d i l y  

and t h e  e f f o r t  requ re  them should  
p o t e n t i a l  

P o t e n t i a l  rs should ,  
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however, allow time t o  secure t h e  permits,  
e s p e c i a l l y  those  related' t o  environmental 
issues. 

0 The environmental monitoring conducted after 
sy&em s t a r t -up  confirmed t h e  environmental 

yses perf ormed p r i o r  t o  geoEluid dis- 
khekge, and concluded tha t  t h e  T-H-S dis -  
charge has  no s i g n i f i c a n t  impact  on t h e  
regula ted  surface waterway (Bra206 River) . 

e absence of base l ine  data, no conclu- 
could be made regarding the  stressed 

condi t ion  of t he  storm sewer catchment pond 
which f i r s t  r ece ives  t h e  geofluid.  I t  is  
" t h e r e f o r e  recommended t h a t  base l ine  biologi-  
cal sampling be included i n  f u t u r e  environ- 
inental assessments f o r  geothermal systems 
proposing surface discharge. 

L "  

0 The m o n i t o r i n g  l o g s  a n d  O p e r a t i o n  Manual 
p r e p a r e d  f o r  t h e  T-8-S sys tem o p e r a t o r s  
f a m i l i a r i z e d  t h e  o p e r a t o r s  wi th  the  system, 
p r o v i d e d  t r o u b l e s h o o t i n g  g u i d e l i n e s ,  and  
enhanced opera tor  acceptance of t h e  system. 
Similar e f f o r t s  are recommended i n  f u t u r e  
geothermal pro jec ts .  

3.3 Ecanamic C O C  

e Economic incen t ives  c u r r e n t l y  exist f o r  a 
profit-making organiza t ion  t o  pursue geo- 
thermal systems u s i n g  t h e  C e n t r a l  T e x a s  
geothermal resource,  provided that a hea t ing  
load  a t  least  a s  l a r g e  a s  t h a t  a t  T-H-S is 
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a v a i l a b l e .  Larger h e a t i n g  l o a d s  can  
I t  i s  recommended 

t h a t  f ac i l i t i e s  which can use  s u b s t a n t i a l  
amounts of energy a t  or below 1500F i n v e s t i -  
gate geothermal oppor tuni t ies .  

ngthen t h e  incent ives .  

0 . P u r s u i t  of Cent ra l  Texas geothermal systems 
by non-prof it organiza t ions  does no t  appear 
economically a t t r a c t i v e  un le s s  a heat l o a d  

. s i g n i f i c a n t l y  larger than  t h a t  a t  t h e  T-H-S 
Hospital i s  ava i l ab le ,  or unless  subsidies  
are a v a i l a b l e  t o  decrease t h e  c o s t  t o  t h e  
organization. 

0 The economic a t t r a c t i v e n e s s  of Central  Texas 
geothermal development i s  due l a r g e l y  t o  t h e  
well defined resource,  and t h e  a s s o c i a t e d  low 
r i s k  involved i n  d r i l l i n g  a successful w e l l .  
To expand t h i s  a t t r a c t i v e n e s s  t o  t h e  Trans- 
Pecos (West Texas) geothermal resource,  as 
well as o t h e r  out-of-s ta te  resourcesI  it i s  
recommended t h a t  e f f o r t s  be undertaken t o  
f u l l y  c h a r a c t e r i p e  t h e  less-def i n e d  re- 
sources. 





d 

4.1 a 

4 . PROJECT DESCRIPTION 

The p r i n c i p a l  tasks and subtasks  are de l inea ted  i n  
F igu re  4-1, which d e p i c t s  t h e  "as-experienced" schedule for  the  
T-H-S Hospi ta l  geothermal p r o j e c t  a t  Marlin, Texas. Much t r a i l  
b laz ing  was done i n  t h e  permits area f o r  t h i s  was t h e  f i r s t  low 
temperature geothermal w e l l  permit t o  be acquired i n  Texas and 
t h e  f i r s t  geothermal surface d i sposa l  permit. Addit ional ly ,  PON 
requirements con t r ibu ted  t o  t h e  lengthy schedule  by: a)  requir-  
i n g  d i s t i n c t  and separate prel iminary and f i n a l  des igns  and 
reviews; and b) r e q u i r i n g  a one-year demonstration phase of t he  
ope ra t ing  system. 

4.2 m u t i o n  and Partic- 

An organiza t ion  chart showing a l l  the  p a r t i c i p a t i n g  
o rgan iza t ions  and p r i n c i p a l s ,  and t h e  r o l e s  they performed, is 
presented i n  Figure 4-2. Mr. J. D. Norris, Jr., T-H-S Memorial 
Hospi ta l  Administrator,  acted as Pro c t  Direc tor  and coordinated 
the func t ions  of a l l  t h e  p a r t i c i p a n t  a s  w e l l  a s  i n t e r f a c i n g  w i t h  
the  two sponsoring agencies. 

I n  a d d i t i o n  t o  t h e  mentioned coord ina t ion ,  t he  Project 
Direc tor  presented  the  p r o j e c t  o sco res  o engagementst 
participated a t  DOE rev rences, an appropr i a t e  
governmental r ep resen ta  p r i s e d  on t h e  p r o j e c t ' s  status.  A 
large amount of coord ina t ion  between many elements of d ive r se  
i n t e r e s t  was done. 
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The c o s t  of t h e  pro j ect  was shared bY f i v e  sources. L 
Figure 4-3 graph ica l ly  shows t h e  po r t ions  of the  p r o j e c t  c o s t s  
t h a t  were con t r ibu ted  by each. Not a l l  funding sources  c o n t r i -  
b u t e d  funds d i r e c t l y ,  however. L i s t e d  below is  t h e  
con t r ibu t ions  made by each. 

o U S  Department of Energy Funds 
e State of Texas Funds 
@ T-H-S Hospi ta l  Services-in-Kind 
e City of Marlin Funds 
e Centra l  Texas S&L Donated W e l l  Use 

of 
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US DOE 
$868,440 (75.99'0) 
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5 .  RESOURCE ASSESSMENT 

J 

The resource assessment done p r i o r  t o  d r i l l i n g  t h e  
p r o j e c t ' s  modern production well relied p r imar i ly  on eva lua t ions  
of t h e  known reg iona l  hydrogeology, and on h i s t o r i c a l  data from 
previously d r i l l e d  wells near  t h e  p r o j e c t  site. From t h i s  evalu- 
a t i o n ,  estimates were made of temperature a t  depth and q u a l i t y  of 
produced f l u i d s .  Although n o t  s p e c i f i c a l l y  q u a n t i f i e d  f o r  t h i s  
p r o j e c t ,  data i n d i c a t e  t h a t  s u f f i c i e n t  f l u i d  volumes are ava i l -  
able f o r  long-term production a t  t h e  required rate. 

During t h e  proposal  s t age  and p r i o r  t o  d r i l l i n g ,  evalu- 
a t i o n s  t o  c h a r a c t e r i z e  the  subsurface geology and water resources  
were made us ing  t h e  a v a i l a b l e  hydrogeological da ta  on t h e  reg ion  
around Marlin [T-H-S 1977 and Radian 19781. These eva lua t ions  
were based on i n v e s t i g a t i o n s  performed by the Texas Department of 
Water Resources, by t h e  Texas Bureau  of Economic Geology, and by 
o i l  and g a s  e x p l o r a t i o n  [Cronin,  & a;L 1973; Hal l  1976; 
K l e m t ,  Perkins,  and Alvarex 1975 and 1976; Thompson 19721. Most 
r ecen t ly ,  t h e  Texas Bureau of Economic Geology has  conducted an 
assessment of t h e  geothermal p o t e n t i a l  i n  t h e  Cent ra l  Texas  
region, w i th in  which Marlin i s  l o c a t e d  [Woodruff and McBride 
19791. 

T h i s  r e g i o n  i s  g e n e r a l l y  u n d e r l a i n  by i n t e n s e l y  
deformed (folded,  fau l ted ,  and a l tered)  metamorphic and metase- 
dimentary rocks of Paleozoic age. These rocks a re  r e f e r r e d  t o  as 
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t h e  "Ouachita f o l d  b e l t , "  and a r e  be l ieved  t o  be t h e  source of 
heat i n  t h e  area. Above these rocks l i e  sedimentary rock of 
Cretaceous age, p r imar i ly  sandstone, shale, and limestone. The 
most promising geothermal p o t e n t i a l  i n  t he  Marlin area occurs  i n  
t h e  lower p a r t  of these Cretaceous u n i t s ,  the  T r i n i t y  Group. I t  
is thought t h a t  t h e  Mexia-Talco f a u l t  system east of Marlin 
provides a hydrau l i c  in te rconnec t ion  f o r  h o t  waters from the 
deeper rocks of t h e  Ouachita f o l d  b e l t  t o  the  shallower aquifers 
O f  t h e  T r i n i t y  Group. A genera l ized  geologic  s e c t i o n  i s  shown i n  
Table 5-1. 

Three of t h e  formations i n  t h e  T r i n i t y  Group are  impor- 
t a n t  waterbearing uni ts .  These are t h e  Glen Rose, t h e  Hensel, 
and t h e  Hosston. 

The shal lowest  formation, t h e  Glen Rose, can produce 
small t o  moderate s u p p l i e s  of water, b u t  it i s  h ighly  mineral- 
i zed .  Analyses  of  Glen Rose f l u i d  i n d i c a t e  a p r o g r e s s i v e  
inc rease  i n  the  t o t a l  d i sso lved  s o l i d s  (TDS) conten t  from t h e  
outcrop areas west of t h e  Balcones F a u l t  zone t o  t h e  Marlin area, 
down-dip t o  t h e  southeast .  Figure 5-1 shows the  d i p  of t h e  
geologic  formations i n  t h e  region, and t h e  severe  f a u l t i n g  which 
has occurred. 

A w e l l  pene t r a t ing  t h e  Glen Rose a t  Rosebud, Texas,  
l oca t ed  about  1 8  miles south and s l i g h t l y  west of Marlin, y i e l d s  
water w i t h  a TDS content  of about 5,500 mg/l. Within t h e  c i t y  of 
Marlin, very near t h e  p r o j e c t  s i te ,  t h r e e  o l d  mineral  ba th  wells 
pene t r a t e  t h e  Glen Rose. However, due t o  t h e  depth of t hese  
wells i t  appears  t h a t  waters produced are m i x t u r e s  of h ighly  
mineral ized Glen Rose and "sweeter " Hosston f l u i d s .  F lu id  analy- 
ses and temperatures for two of t h e s e  o l d  wells are shown i n  
Table 5-2. 
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Series and Group Formation 

TABLE 5-1. GEOLOGIC UNITS I N  TBE MARLIN AREA 

J Thickness 
( f e e t )  Lithology Era system 

Recent and 
Pleis tocene Ser i e  s 

undi f fe ren t ia ted  I Gravel, sand, 
silt, and clay 0 - 6 0 i  I Quaternary A l l  uviwn Cenozoic 

Mesozoic 

I 

Navarro I I 0 Shale, marl, I and sand 

I Taylor I 1150 I Marl and limy 
shale  

I 200 I Chalky limestone Gulf 
S e r i e s  

Shale 

Ferruginous sand, 
sandstone, shale ,  
sandy shale, c lay  

L i m e s  tone 

Woodbine 

Washita D e l  Rio 

George town 
77 I Shale I 

338 I Limestone 
Cretaceous 

Bard, f o s s i l i -  
ferous limestone 
(of t e n  honey- 
combed), shale ,  
cher t ,  and 
dolomite I 

Limestone and 
limy sha le  

Shale and 
calcareous clay 

1000 Limestone 

10 Congl Omer a te ,  . 

200 

sandstone, 
si1 tst one, 
shale ,  clay, 
limy clay, and 
limestone 

Comanche 
S e r i e s  

Glen Rose 

Bensel 

Limestone 
L 

100 Shale 

Limestone 

stone, dolomite, 
sandstone, and 
metamorphic rock 

700 Shale, l i m e -  

Cow Creek 

Bo 8s ton 

Tr in i ty  

Pre-Cretaceous Shale, lime- 
stone, dolomite, 
sandstone, and 
metamorphic rock 

---I-- I 

I 
Source: Radian, 1978. 

rocks 

Source: Radian, 1978. 
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Figure 5-1 Geologic D i p  S e c t i o n  of Cretaceous R o c k s  
i n  t h e  Marlin Area. Source: K l e m t ,  Perkins,  
and Alvarex, 1975 
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TABLE 5-2. CHEMICAL ANALYSES OF WATER FROM TWO 
OLD GEOTHERMAL WELLS I N  MARLIN 

1) 
Well 604 Well 604 Well 604 

(1967) (19381 (1944) * (1960)' 
Well 602 

Parameter 

a++ 248 

Wg++ 64 

#a+ and K+ 3,127 

HCOS 481 

b 4,906 

c1- 1,546 

sio* 24 

Fe 0.32 

TDS 10,512 

Hardness (as CaCO,) 885 

pH (Uni t s )  7.16 

Temperature ('F) 125 

182 

69 

2,993 

504 

4,375 

1,615 

-- 
-- 

9,482 

738 

-- 
-- 

193 

69 

2,940 

503 

4,330 

1,580 

-- 
- 

9,360 

765 

-- 
147 

217 

66 

2,548 

488 

3,437 

1,598 

41 

-- 
9,625 

1,067 

-- 
-- 

*Year i n  which a n a l y s i s  was performed. 

Source: K l e m t ,  Perkins ,  and Alvarex 1976. 

The Hensel formation i s  a product ive a q u i f e r  west of 
Marlin, y i e l d i n g  small t o  moderate supplies of fresh t o  s l i g h t l y  
s a l i n e  water. I n  Marlin, however, the formation i s  more sha ley  
w i t h  a n e t  sand th ickness  of on ly  10 f e e t ,  e f f e c t i v e l y  l i m i t i n g  
t h i s  a q u i f e r ' s  product ion c a p a b i l i t y .  

The Hosston formation was t h e  aquifer t a r g e t e d  f o r  
It  is  t h e  deepest  of d r i l l i n g  and development f o r  t h i s  pro jec t .  

33  



t h e  product ive formations i n  t h e  T r i n i t y  Group, a t  about 3300 t 
i f e e t ,  and was expected t o  y i e l d  t h e  h o t t e s t  f l u i d .  A t  Marlin, 

t h e  Hosston i s  about 700 fee t  t h i c k .  The Hosston i s  capable  of 
producing moderate t o  l a r g e  q u a n t i t i e s  of water. Up-dip, t o  t h e  
west-northwest, t h e  formation has  been an important source of 
f r e s h  dr inking  water t o  communities a long I n t e r s t a t e  Highway 35. 
The Hosston water q u a l i t y  ranges from 1060 mg/l t o  about 5450 
mg/l TDS i n  t h e  a rea  around Marlin,  a s  shown i n  Table 5-3. There 
is  a s l i g h t  t r e n d  toward inc reas ing  TDS l e v e l s  from north t o  
south i n  t h e  western p a r t  of F a l l s  County. South of Marlin about  
20 miles, t h e  TDS content  of Hosston water averages about 4950 
mg/l, a t  a temperature of 154@F. 

L 

TABLE 5-3. CHEMICAL ANALYSES OF WATER FROM THE BOSSTON 
FORMATION FOR THREE AREAS SURROUNDING MARLIN 

A v e r a q  C o n c e n w t i o n  ( m s / l )  i n  Area 
10-20 Miles 8 Miles 20 Miles 

Westa Nor thb  South' P a r a m e t e r  

CA++ 

Hg++ 

N a +  a n d  K+ 

HCO; 

so? 

c1- 
Si08 

Fe 

TDS 

H a r d n e s s  (as CaCOa) 

pH ( u n i t s )  

3 9  

1 0  

427 

426 

5 41 

7 9  

32  

0.88 

1 , 4 4 9  

137  

8.1 

21  

4 

27 8 

455 

21  2 

6 1  

27d 

0.57 

1 , 0 6 2  

7 1  

7.6 

26 5 

47 

1 ,384  

205 

3 ,262  

21  0 

1 0 5  

0.48 

5 , 445 

8 85 

7.3 

E11 a n a l y s e s  f rom 7 wells 
.2 a n a l y s e s  f rom 2 wells 
d5 a n a l y s e s  f rom 1 well 

S i n g l e  analysis  

Source :  K l e m t ,  P e r k i n s ,  and  A l v a r e x  1976. 
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5.2 Geothermal E m a v  Rstig'lata 

From t h e  data a v a i l a b l e  f o r  t h e  o l d  mineral  wells i n  
Marlin, it was a n t i c i p a t e d  t h a t  f l u i d  temperatures  of a t  l eas t  
147OF and probably u p  t o  1 5 0 ° F  could be expected from a modern 
production w e l l  a t  4000 feet. This same data suggested t h a t  t h e  
lower TDS of t h e  Hosston f l u i d s  was d i l u t i n g  the more mineral ized 
Glen Rose f l u i d  produced from these o l d  wells. Other  w e l l  data 
ind ica t ed  t h a t  a modern w e l l  d r i l l e d  i n t o  t h e  Hosston a t  t h e  
p r o j e c t  s i t e  would y i e l d  f l u i d  w i t h  a TDS conten t  of 2500 t o  3500 
mg/l. Such temperatures and f l u i d  q u a l i t y  would be s u f f i c i e n t  
f o r  a successful, trouble free geothermal hea t ing  system. 

d 

Although no s p e c i f i c  long-term production rate l i m i t  
f o r  t h e  p r o j e c t  was estimated, t h e  Texas  Department of Water 
Resources has i d e n t i f i e d  t h a t  Marlin i s  a n  area where t h e  Hosston 
is  capable of f u r t h e r  development. Estimates i n  1966 were t h a t  
an a d d i t i o n a l  6000 gpm could be produced from a 1 0  t o  20 m i l e -  
wide band of t h e  aqu i f e r  passing beneath Marlin. The t ransmissi-  
v i t y  of t h e  Hosston ( the  a b i l i t y  of an a q u i f e r  t o  t r ansmi t  water) 
a t  Marlin was measured t o  be about 16,000 ga l lons  per day per 
f o o t  (gpd/ f t ) .  This  value i s  among t h e  higher  ones repor ted  for 
t h e  Hosston i n  t h e  Cent ra l  Texas reg ion  [ K l e m t ,  P e r k i n s ,  and 
Alvarex 19751 . 
5.3 Drill Si te  Selectipn 

The proposed s i t e  f o r  t h e  new production well was on 
t h e  T-H-S Memorial Hospi ta l  p roper ty ,  midway between two o l d  
mineral  wells i n  t h e  Marlin downtown area. The actual s i te  
corresponds t o  t h e  proposed s i te  and is near one of t h e  hospi- 
t a l ' s  mechanical equipment rooms. T h i s  l oca t ion ,  shown ear l ier  
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i n  Figure 1-3, prevented disruption of hosp i ta l  t r a f f i c  during 
d r i l l i n g .  And although the  s i t e  was i n  the  downtown area, 
special d r i l l i n g  provis ions  prevented excess ive  r i g  no i se  from 
being heard by hosp i ta l  s t a f f  and pat ients ,  or by nearby r e s i -  
dents. 

L 
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6. ENVIRONMENTAL ISSUES 

As a project requirement, Radian prepared an  Environ- 
mental Report and submitted it t o  DOE i n  August 1978 [Radian 
19781. A t  t h i s  time, DOE began i ts  review of t h e  environmental 
i s s u e s  v i a  an independent p ro jec t  environmental assessment. 
Although the  DOE Environmental Assessment Document was delayed 
u n t i l  August 1980 [US DOE 19801 because of the  uncer ta in ty  of t h e  
exact f l u i d  disposal method, DOE permission t o  d r i l l  was granted  
i n  e a r l y  1979. 

During t h e  environmental i n v e s t i g a t i o n s  conducted by 
Radian Corporation, t h e  s ing le  most important environmental issue 
t h a t  a rose  was wi th  regard t o  t h e  d r i l l i n g  r i g  noise  during 
d r i l l i n g .  T h i s  f a c t o r  was of concern because t h e  r i g  would be 
d r i l l i n g  w i t h i n  30 feet  of t h e  h o s p i t a l  and t h e  r i g  would a l s o  be 
i n  a downtown area. Obviously, i f  d r i l l i n g  were t o  be done on a 
20-24 hour per day basis, it would be necessary t o  provide a 
q u i e t  atmosphere f o r  both t h e  h o s p i t a l  p a t i e n t s  and t h e  neighbor- 
ing  res idents .  Such d r i l l i n g  p rov i s ions  would be needed even 
though t h e  h o s p i t a l  property borders  a Missouri-Pacific Rai l road 
track wi th  8 t o  12  d a i l y  t r a i n s ,  2 t o  5 of which pass  dur ing  the  
night.  The t r a i n  horns produce a very loud  95 dbA a t  t he  hospi- 
t a l  center .  
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D r i l l i n g  no i se  l e v e l s  are a func t ion  of t h e  type of 
diesel engines  used, t h e  number of engines, t h e  type of m u f f l e r  
employed, and t h e  type  of t u r n t a b l e  dr ive.  For t h e  T-H-S hos- 
p i ta l  production w e l l  a c t i v i t y ,  t he  Layne Texas Company employed 
a s i n g l e  C a t e r p i l l a r  diesel and a s p e c i a l  large muffler. The 
r i g ' s  t u r n t a b l e  was no t  a source of s i g n i f i c a n t  noise. 

The precaut ions  taken by t h e  d r i l l e r  t o  reduce noise  
pa id  o f f  handsomely as no no t i ceab le  noise  could be heard from 
t h e  r i g  whi le  one s tood  i n  t h e  h o s p i t a l ' s  parking l o t .  During 
t h e  three-month d r i l l i n g  and completing e f f o r t ,  whi le  ope ra t ing  
20 hours per day and s i x  days per week,  n o t  one complaint was 
received from a p a t i e n t  or a nearby r e s iden t .  

6.2 .II 

The most s i g n i f i c a n t  p o s t - d r i l l i n g  environmental f a c t o r  
revolved around the  disposal method f o r  t h e  spen t  geothermal 
water. Th i s  i s s u e  was n o t  a f a c t o r  i n  t h e  p r e - d r i l l  assessment 
because t h e  conceptual approach had been t o  dispose by i n j e c t i o n  
us ing  an  e x i s t i n g  w e l l  donated by t h e  nearby Cent ra l  Texas 
Savings and Loan. However, a c t u a l  i n j e c t i o n  t e s t i n g  showed a 
g r e a t  amount of i n j e c t i o n  p res su re  would be required,  thereby 
p l ac ing  a s i g n i f i c a n t  ope ra t ion  and economic burden on t h e  
geothermal users. 

I n  add i t ion ,  t h e  observed permeabi l i ty  of t h e  producing 
formation was such t h a t  the donated w e l l  vas f a r  t o o  c lose  t o  t he  
h o s p i t a l ' s  w e l l  f o r  them t o  be used f o r  a product ion/ in jec t ion  
couplet .  Had such been done, t h e  i n j e c t e d  cool  water would have 
re turned  t o  t h e  producing w e l l  before  being reheated i n  t h e  
formation, thereby cool ing  the produced h o t  water. I t  was con- 
cluded t h a t  a properly l o c a t e d  i n j e c t i o n  well should be a t  l e a s t  
one m i l e  away. Since t h i s  approach would have required ob ta in ing  

L 
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and purchasing surface/subsurface r i g h t s ,  d r i l l i n g  an i n j e c t i o n  
w e l l ,  cons t ruc t ing  a p ipe l ine ,  and providing much a d d i t i o n a l  
pumping power, another d i sposa l  technique was sought. 

J 
! 

i Other  a l t e r n a t i v e s  such as  direct inpu t  t o  the  Marlin 
surface water supply and chemical t reatment  of t h e  geothermal 
water p r i o r  t o  release were i n v e s t i g a t e d  and were found t o  be 

I unsa t i s f ac to ry .  
1 

The disposal opt ion  even tua l ly  adopted was t o  surface 
! 
i 1 discharge i n t o  t h e  Brazos River v i a  t h e  C i t y ' s  storm drainage 

system and approximately f i v e  miles of creeks. Radian Corpora- 
i t i o n  conducted an  environmental survey of t h i s  discharge route 

and t h e  effects, i f  any, t h a t  it might have on t h e  environment 
[Radian 19791 . The Texas Railroad Commission--which r e g u l a t e s  

! 
1 a l l  o i l ,  gas and geothermal production and s a l i n e  water disposal 
I 
! b i n  Texas-- conducted an independent environmental survey and a l s o  
I concluded t h a t  t h e  small production rates of t h e  T-H-S Hospi ta l  
1 would n o t  harm t h e  Brazos River or  cause i ts  water q u a l i t y  
i s tandards  t o  be v io l a t ed .  S imi la r ly ,  t h e  T-H-S production would 

! no t  harm t h e  surface waterways t o  t he  Brazos. The US EPA concur- 
i red by i s s u i n g  i ts  permit t o  discharge d i r e c t l y  t o  t h e  Brazos 

River v i a  t h e  e x i s t i n g  surface water courses. Appendix B con- 
t a i n s  a d d i t i o n a l  documentation on t h i s  d i sposa l  route,  and 
Sec t ion  36 detaiys environmental monitoring which occurred during 

! 

i 
i 
I 

* 
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1 

I 

I 

i geothermal system operat ion.  
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7, INSTITUTIONAL ISSUES AND PERMITS 

L i k e  most p r o j e c t s ,  a l l  a c t i v i t i e s  related t o  con- 
s t r u c t i o n  ( i n c l u d i n g  w e l l  d r i l l i n g )  of t h e  T-H-S Memorial 
Hospi ta l  geothermal hea t ing  system were requi red  t o  comply wi th  
a p p l i c a b l e  federal, s ta te ,  and l o c a l  regula t ions .  

The most s i g n i f i c a n t  i n s t i t u t i o n a l  i s sue  t o  be 
addressed was t h a t  of the  environment and what effect, if any, 
t h e  proposed p r o j e c t  might have on it, The environmental review 
responding t o  t h i s  issue was a p r o j e c t  requirement and was 
s e p a r a t e  from any later permi t t ing  requirements. Since federal 
funds were used for t h e  p ro jec t ,  an Environmental Report [Radian 
19781 was required by DOE as a precursor  t o  i t s  environmental 
assessment [ U S  DOE 19801, This  assessment was required under t h e  
Nat ional  Environmental Policy A c t  (NEPA) of 1969 for  a l l  federal 
ac t ions .  Although t h e  f i n a l  Environmental Assessment Document 
was delayed due t o  ques t ions  about t h e  d i sposa l  permi t t ing  
process,  DOE even tua l ly  found t h a t  t he  project d i d  not  s i g n i f i -  
can t ly  affect  t h e  environment and i s sued  a "Finding of No Sig- 
n i f i c a n t  Impact" (FNSI) tClusen 19801, Such a f i n d i n g  e l imina ted  
t h e  need for a more detailed environmental impact statement. 

Sec t ions  6 and 36 d i s c u s s  t h e  environmental issues i n  
more detai l .  
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7.2 Permits 

The Texas  Rai l road Commission (TRC) has  regula tory  
j u r i s d i c t i o n  over a l l  Texas geothermal operat ions,  and r ece ives  
input ,  as required, from t h e  Texas Department of Water Resources 
(!kjCtlWR) t o  p r o t e c t  ground and su r face  water supplies. The t y p i c a l  
b l C  permits required f o r  d r i l l i n g ,  completing, developing, and 
t e s t i n g  a geothermal resource are summarized i n  Table 7-1. 

Since t h e  h o s p i t a l  owned the  subsurface and surface 
Mater r i g h t s  t o  t h e  property,  a permit t o  d r i l l  was r e a d i l y  
obtained from t h e  TRC. A l i censed  water w e l l  d r i l l i n g  f i rm  was 
used t o  in su re  compliance w i t h  approved d r i l l i n g  practices of 
both t h e  TRC and t h e  TIIWR. Contact was maintained w i t h  TRC f i e l d  
personnel and City of Marlin o f f i c i a l s  during d r i l l i n g ,  and 
permission was received t o  temporarily discharge produced geo- 
thermal f l u i d  d i r e c t l y  i n t o  t h e  c i t y  storm sewer during the 24- 

hour production test. Since t h e  City of Marlin was an  a c t i v e  
member of t h e  p r o j e c t  team, it supported t h e  hospital  i n  a l l  
permi t t ing  e f f o r t s .  

TABLE 7-1. SUMMARY OF PERMITS AND REPORTS GOVERNING NEW 
GEOTHERMAL PRODUCTION WELLS REQUIRED BY TEXAS 
RAILROAD COMMISSION. 

Permit  
Number Des c r i pt  i on  

w-12 
W - 1 3  
GT-1 

GT-2 

Application t o  d r i l l ,  deepen, or 
plug back a geothermal w e l l  
I n c l i n a t i o n  Report 
Cementing Report 
Geothermal Production T e s t  
Completion Report and Log 
Producers Monthly Report of 
Geothermal Wells 

Source: Green 1982. 
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I 
I . I  By far t h e  mo por t an t  permi t t ing  issue was t h a t  of 

long term geof lu id  disposal .  Responding t o  t h i s  issue . received i 

J t h e  most a t ten t ion  'of a l l '  t h e  permi t t ing  a c t i v i t i e s  r e l a t e d  t o  
t h e  p r o j e c t  [Radian 19791. I n  the  case of t h e  h o s p i t a l ,  a permit 
t o  su r face  discharge was eventua l ly  received from t h e  US EPA 
(Appendix, B) , Figure 7-1 summarizes t h e  environmental reviews/ 
assessments requi red  "for d i sposa l  by surface discharge and by 
i n j e c t i o n , *  The bold tracks i n  Figure 7-1 i n d i c a t e  t h e  s t e p s  

aken during f h i s  pr c t ' s  environmental permi t t ing  
ue t o  minimal emissions of atmospheric p o l l u t a n t s ,  t h e  

i s s i o n s  review by the  Texas 

+ 
i 

p r o j e c t  was exempted from t h e  a i r  
A i r  Control Board (Appendix B) .  

Note i n  Figure t h a t  i f  EPA had determined t h e  
h o s p i t a l ' s  d i scharge  . t o  "new source", then f u r t h e r  .EPA 

review and assessment might have been required. However, w i th  
DOE as the  lead agency i n  p ro jec t ,  the  environmental assess- 
ment performed by DOE woul i k e l y  have l e d  t o  a concurrence by 
EPA on t h e  b0E-issued FNSI. 

An a d d i t i o n a l  review of t h e  system design and approval 
of t h e  p r o j e c  ans  were u i red  from the  Texas Department of 
Health under t h e  Hospi ta l  Licensing Standards and L i f e  Safe ty  
Code Standards,  T h i s  approval  (Appendix B) was obtained p r i o r  t o  
l e t t i n g  . the p r o j e c t  o u t  for bid. 

. .  
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TRC I 

ABBREVIATIONS 

Figure 7-1 State and Federal Geothermal Environmental 
Permitting. Source: Green, 1982 
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8. PRODUCTION DRILLING AND LOGGING 

A s  o r i g i n a l l y  proposed, t h e  T-H-S Memorial Hospi ta l  
Well No. 1 was t o  be d r i l l e d  t o  approximately 3400 feet  w i t h  
pressure,  temperature, and f l u i d  samples being obtained as  
d r i l l i n g  progressed v i a  d r i l l  stem tests. Electric l o g s  were 
a l s o  t o  be run. If from these tests it appeared t h a t  t h e  
Hosston formation was t h e  h o t t e s t  and produced r e l a t i v e l y  low TDS 

f l u i d s ,  t h e  well would be completed i n  t h i s  formation only. 
Otherwise, t h e  o ther  shallower product ive formations i n  the  
T r i n i t y  Group would a l s o  be completed. A 24 t o  48 hour pump t e s t  
was planned. 

An e s t a b l i s h e d  water well d r i l l i n g  company, Layne Texas 
Company of Houston, was cont rac ted  f o r  d r i l l i n g .  Layne Texas  
Company is familiar w i t h  t h e  Cent ra l  Texas a rea ,  having d r i l l e d  
seve ra l  municipal wells i n  t h e  region and having reworked i n  1967 
t h e  o l d  Cent ra l  Texas Savings and Loan well (No. 602)  l oca t ed  
about  800 fee t  east of t h e  hosp i t a l .  As cont rac ted  [ D i l l a r d  
19781 the  well was t o  be d r i l l e d  and completed t o  a t o t a l  depth 
of 3400 f e e t  wi th  d r i l l  stem tests and well c u t t i n g s  obta ined  
along t h e  way t o  c h a r a c t e r i z e  product ive zones. A set of l o g s  by 
a w i r e l i n e  s e r v i c e  company, i nc lud ing  induct ion,  micro and gamma 
ray dens i ty ,  and temperature, were included i n  t h e  cont rac t .  A 

pump test was a l s o  specified. 

Spud-in ceremonies took p lace  on 13 Apri l  1979 with 
actual well d r i l l i n g  beginning on 16 Apr i l  1979. The well was 
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completed and tested by t h e  end of Ju ly  1979. During t h i s  per iod  
e i g h t  t o  twelve persons were on site. D r i l l  c u t t i n g s  were hauled 
t o  an approved d i sposa l  site. Other s o l i d  waste was disposed of  
i n  t h e  City of Marlin l a n d f i l l .  Surface runoff and produced 
f l u i d s  were d i s c h a r g e d  i n t o  t h e  c i t y  s to rm sewer w i t h  t h e  
approval of s ta te  and l o c a l  regula tory  agencies.  

During t h e  d r i l l i n g  opera t ion ,  careful eva lua t ion  of 
t h e  c u t t i n g s  and formations ind ica t ed  t h a t  a deeper well would be 
more productive. Contract changes were made and approved, 
r e s u l t i n g  i n  a deeper w e l l  of s l i g h t l y  d i f f e r e n t  cons t ruc t ion  
than o r i g i n a l l y  planned. These d i f f e r e n c e s  are i n d i c a t e d  i n  
Tab le  8-1. A f u l l  d e s c r i p t i o n  of t h e  d r i l l i n g  a c t i v i t i e s  
inc luding  a dr i l l e rs  log,  a l l  tests performed, and t h e  l o g s  run 
are included i n  the  completion r e p o r t  ELayne Texas Company 19791. 
Appendix A conta ins  some of t h i s  data. The f i n a l  as-completed 
well i s  i l l u s t r a t e d  i n  F i g u r e  8-1. 

The present  producing i n t e r v a l  i s  loca ted ,  as planned, 
i n  t h e  Hosston f o r m a t i o n ,  s l i g h t l y  deepe r  t h a n  o r i g i n a l l y  
estimated. 

TABLE 8-1. T-R-S UEMORIAL HOSPITAL WELL NO. 1 COMPLETION SPECIFICATIONS 

Original Well 
Contract Final Well 

Specif ications Configuration 
(length-f t) Dimensions (length-f t) Dimensions Item 

Casing 300 10-3/4 in. O.D. 330 
(31 lb/ft,J-55) 

10-3/4 in. O.D. 
(45.58 lb/ft,J-55) 

7 in. O.D. 3,090 8-5/8 in. O.D. 2,800 (28 lb/ft, J-55) 
(23 lb/ftr J-55) 

5-1/2 in. O.D. Blank Liner 110 5-1/2 in. O.D. 240 
(14 lb/ft,K-55) 

200 5-1/2 in. O.D. 270 5-1/2 in. O.D. Slotted Liner 
-- 3,885 -- Total Well Depth 3,400 

Sources: Dillard 1978; Layne Texas Company 1979; Wolterink 1979. 
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Figure 8-1 T-H-S Memorial Hospital Well 
Schematic 
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9. RESOURCE TESTING 

During each opportuni ty  t o  produce f l u i d  from the 
resource,  f l u i d  samples were obta ined  from t h e  w e l l  f o r  a n a l y s i s  
of its chemical composition. Samples were t a k e n  s e v e r a l  times 
during a v a i l a b l e  production t e s t i n g  periods: during d r i l l  stem 
t e s t i n g  p r i o r  t o  well completion; dur ing  pump t e s t i n g  and w e l l  
development a f te r  well completion; during t h e  m a t e r i a l s  s e l e c t i o n  
period: and dur ing  t h e  pump t e s t i n g  la te r  conducted under a 
sepa ra t e  e f fo r t  by the  Texas Bureau of Economic Geology. Samples 
were analyzed by s tandard  a n a l y t i c a l  techniques used by commer- 
c i a l  water and waste-water l a b o r a t o r i e s .  

The t y p i c a l  composition of t h e  f l u i d  from t h e  T-H-S 
Memorial Hospi ta l  W e l l  No. i s  shown i n  Table 9-1. Note t h a t  
composition ranges are  t h e  resu l t s  of s l i g h t l y  d i f f e r e n t  analy- 
t ical-  methods and ope ra t ions  employed by the  d i f f e r e n t  labora-  
t o r i e s  performing t h e  analyses.  

9.2 F l a w r e  T e s L i r s  

Following f i n a l  well completion i n  J u l y  1979, t h e  well 
con t r ac to r  used a l i n e  s h a f t  pump f o r  a 24-hour production t e s t  
i n  which product ion rate, f l u i d  l e v e l  drawdown, and producing 
w e l l  temperature were measured. 
t o  develop t h e  w e l l  and t o  clean ou t  debr i s  from t h e  producing 
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TABLE 9-1. GEOTHERMAL FLUID ANALYSIS FROM T-H-S MEMORIAL 
HOSPITAL WELL NO. 1 , I  

~~ 

Number 
Mean Concen t r a t ion  of Samples 

Parameter  (mg/l) Analyzed 

Carbon d i o x i d e  15.5-176 2 
Hydrogen s u l f i d e  0 . 0 5 4 1  . 0 3 
Conduc t iv i ty  3930-4580 5 

6.2-7.3' 5 
3605-4235 5 PH 

' Tokdl susfien'dgd s o l i d s  16 1 
Aluminum <0.1 3 
Ammonia 1 . 19-1 2 3 

T o t a l  d i s s o l v e d  s o l i d s  

Arsen ic  
B a r i u m  
Beryllium 
Bica rbona te  
Boron 
Cadmium 
Calcium 
Carbonate  
Ch lo r ide  
Chromium 
Coba l t  
Copper 
F l u o r i d e  ( to ta l )  
I r o n  ( t o t a l )  
Lead 
Li thium 
Magnesium 
Manganese ( t o t a l  
Mercury 
Molybdenum 
N i c k e l  
Nitrate 
Selenium 
Si l ica  
S i l v e r  
Sodium & Potassium 
S u l f a t e  
Zinc 
Gross Alpha ( R a d i o a c t i v i t y )  

<0.01 
0.08-1 . 4 
<0.02-0.03 
128-222 
1.4-1 . 72 
<0.01 
268-344 
0 
83-114 
<0.05 
<0.05 

0.8-3.7 
1.8-5.5 
<o . 10-0 . 1 0  
0.45-0 . 60 
35-46 
(0 . 0 5-0 . 55 
<0.001 
< l o 0  
<0.05 
(0.5 
to .01  
31-40 
<0.02 

2054-2585 
0 . 0 4-0.06 
1.4-1 95' 

<0.05 

76s-io49 

3 
3 
3 
5 
2 
3 
5 
5 
5 
3 
3 
3 
5 
5 
3 
3 
5 
5 
2 
3 
3 

lumhos/cm 
*Standard  u n i t s  
' p C i / l  
Sources:  US DOE 1980; Radian 1979 

L 
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c) 

formation around t h e  w e l l  bore. Data on well recovery were a l s o  
taken af ter  s h u t t i n g  t h e  pump down. About one year  l a te r ,  the  
Texas -Bureau of Economic Geology performed (under a separate 
e f f o r t )  a similar pump tes t  f o r  8 hours t o  determine c o ~ ~ ~ ~ i c e -  
t i o n  between t h e  T-H-S 

, shallower mineral  1s i n  the  downtown Marlin area. 

Table 9-2 ind  t h e  results of 
tests. Or ig iha l ly ,  it was thought t h g t  ' t he  specific capacity 
measured in t h e  Bureau of Ecopomic Geology pump tes t  may have 
bene f i t ed  from t h a t  test's a d d i t i o n a l  developspent of t he  w e l l .  
However, as shown i n  Sec t ion  26, the difference i n  specific 
capacities is more l i k e l y  due t o  seasonal  chqpges i n  r e s e r v o i r  
per f ormance . 

TABLE 9-2. T-8-8 MEMORIAL WOSPITAL WELL NO. 1 FLOW TESTING 

S t a t i c  S p e c i f i c  

Method Date (gpm) ('F) ( f t )  (gWft) 
Flow Rate Temperature Fluid Level Capacity 

14.85 pbovt -- 
ground l e v e l  

Artesian.  7/28/79 75 140 

Pumped 307 153 198 below 1.44 
graund l e v e l  

7/27-28/7 9 

Pumped 9/23-21/80 310 353 140 below 2.00 
ground l e v e l  



The temperature of produced geothermal f l u i d  was mea- 
sured a t  every a v a i l a b l e  opportuni ty ,  during times of high volume 
pumped production and dur ing  times when t h e  w e l l  was allowed t o  
flow under a r t e s i a n  conditions.  F igu re  9-1 i l l u s t r a t e s  t h e  
production temperatures t h a t  can be expected from the  well as a 
func t ion  of production rate. A t  maximum production rates ex- 
pected f o r  t h e  T-H-S system, a production temperature of 150°F 
was expected. Maximum production temperatures of approximately 
155'F are achievable  a t  higher  production rates. 
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Curve generated from TOF = 15.986 log (gpm) + 112.839 - A = observed temperatures 

Curve generated from TOF = 15.986 log (gpm) + 112.839 

A = observed temperatures 

50 100 150 200 250 300 350 

Fluid Production (gprn) 

Figure  9-1 Flow Rate VS. Temperature of T-H-S Memorial 
Hospi ta l  Well No. 1 

52 

c 5 
x 
0 



10. DISPOSAL DRILLING AND LOGGING 

Since no disposal  well was d r i l l e d  for t h i s  project ,  
t h i s  s e c t i o n  i s  not  applicable.  

I 
i 

5 3  
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I 
11. DISPOSAL TESTING 

I t  was o r i g i n a l l y  proposed t h a t  the o l d  Cent ra l  Texas 
Savings and Loan w e l l  800 feet  east of t h e  h o s p i t a l  be used as a n  
i n j e c t i o n  w e l l  t o  dispose of t h e  produced geothermal f lu id .  AS 

shown i n  Table 11-1, however, i n j e c t i o n  t e s t i n g  performed by the 
w e l l  d r i l l i n g  con t r ac to r  i nd ica t ed  tha t  excess ive ly  high pres- 
sures would be required t o  dispose t h e  f l u i d  by in j ec t ion .  Addi- 
t i o n a l l y ,  t he  wells were found t o  be t o o  close f o r  a production/ 
i n j e c t i o n  couplet .  

I t  was a t  t h i s  po in t  t h a t  t he  i n v e s t i g a t i o n  of al ter-  
n a t i v e  methods of disposal was begun. Refer t o  Sec t ion  6 for  a 
brief d i scuss ion  of these a l t e r n a t i v e s .  

TABLE 11-1. WELL INJECTION TESTING 

I n i t i a l  Flow F i n a l  Flow 
Rate/Pressure Rate/Pressure 

Well Date (gpm/ ps  i g 1 (gpm/ps i g  1 

Centra l  Texas Savings 7/31/79 21/175 1W175 
and Loan 
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12.  APPLICATION ANALYSIS 

Once t h e  well 's temperature and flow c h a r a c t e r i s t i c s  
were e s t a b l i s h e d  through resource t e s t i n g  (see Sec t ion  91, a 
check was made t o  v e r i f y  t h a t  the  proposed hea t ing  loads  could be 
addressed with t h i s  geothermal resource. I n  t h i s  check, t h e  
temperature and flow requirements of t h e  h o s p i t a l ' s  hea t ing  
systems were re-examined. I t  was concluded t h a t  no t  only could 
t h e  150 OF production temperature address  the  proposed loads,  b u t  
t h a t  f r e s h  a i r  prehea t ing  and l i n e n  dry ing  could be added t o  t h e  
addressed loads  without  a d d i t i o n a l  production from t h e  well. 

To o r i e n t  t h e  reader  t o  t h e  h o s p i t a l ' s  hea t ing  system, 
an overview of its u t i l i t i e s  is presented i n  Figure 12-1. This  
diagram shows t h a t  n a t u r a l  gas  i s  used f o r  most of t h e  water and 
space heat ing,  b u t .  t h a t  e l e c t r i c i t y  a l so  provides  some space 
heating. By e x t r a c t i n g  t h e  temperatures needed for  each hea t ing  
load  from Figure 12-1, one can see t h a t  t h e  loads  encased i n  bold 
l i n e s  can be addressed by t h i s  geothermal resource. I n  some 
cases, t h e  150°F is  capable of completely d i sp lac ing  t h e  loads. 
I n  o the r  casest such a s  t h e  180OF domestic ho t  water loads,  
geothermal energy can only supplement t h e  heat ing,  Table 12-1 
summarizes t h i s  a p p l i c a b i l i t y  of geothermal hea t ing  f o r  t h e  T-H-S 
Memorial Hospital .  

Table 12-1 evidences t h a t  t h e  T-H-S hea t ing  system was 
a prime candidate  f o r  a geothermal r e t r o f i t  which uses a cascaded 
h e a t  exchanger arrangement. I n  such a system, t h e  geof lu id  
passes  through a series of h e a t  exchangers, each of which is 
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NOTE: 

Figure 12-1 U t i l i t y  Overview For T-H-S Memorial 
Hospital 



TABLE 12-10 SUMMARY OF HEATING LOADS ADDRESSED BY GEOTHERMAL 
ENERGY AT T-H-S MEMORIAL HOSPITAL 

J T-H-S Temperature Geothermal 
Heating Load U t i l i t y  Displaced Requirement Contr ibut ion 

Supplements High Temperature Natural Gas 180°F 
Domestic Water 

Laundry Tumble Natural Gas 1 6 0 ° F  Supplements 
Dryers 

Low Temper a t u r  e Natural  Gas 130°F Displaces 
Domestic Water 

Secondary Space Natural Gas 130°F Displaces 
Heating'  (2-Pipe 
C i r c u i t )  

Secondary Space Natural Gas 120OF Displaces 
Heating (3-Pipe 
C i r c u i t )  

Primary Space Natural Gas, 100°F Displaces 
Heating (Return E l e c t  r i c i  t y  
A i r  Rooftop A i r  
Handlers 1 

Primary Space Natural Gas 90 OF D i  s p l  a ces 
Heating (Fresh 
A i r  Preheat ing)  

-1  

: 

dedicated to a particular hea t ing  load, The major b e n e f i t  from a 
cascaded arrangement is tha  t h e  hea t ing  system can d e l i v e r  

um h e a t  w i th  minimum geof lu id  production. The g e o f l u i d ' s  
rature progress ive ly  drops as  it proceeds through t h e  h e a t  

exchanger cascade, The f i r  ea t  exchanger s u p p l i e s  h e a t  for  
t h e  load  r e q u i r i n g  t h e  h i  temper a t  u r e . The l a s t  h e a t  
exchanger i s  f o r  t h e  load  r e q u i r i n g  t h e  lowest temperature. 
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Of t h e  seven hea t ing  loads  presented  i n  Table 12-1, 
th ree  were added t o  t h e  sys tem d e s i g n  a s  a r e su l t  of t h e  
a p p l i c a t i o n  ana lys i s .  The laundry drying and t h e  two primary 
space hea t ing  loads  were included because they were r e a d i l y  I I 

- 

accessible systems which could be e a s i l y  r e t r o f i t t e d .  And be- 
cause these loads  fit i n t o  t h e  cascaded h e a t  exchanger design,  
t h e i r  i n c l u s i o n  would n o t  r e q u i r e  a d d i t i o n a l  geo the rma l  I I 

i production. L ! 
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13 .  OBTAINING USER COMMITMENT 

T h i s  s ec t ion  i s  not applicable t o  the T-H-S project .  
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1 4  

1 4 .  SYSTEM LOADS AND DESIGN OVERVIEW 

-a 

The T-H-S Memorial Hosp i t a l ' s  n a t u r a l  gas  p r o f i l e  p r i o r  
t o  t h e  geothermal r e t r o f i t  i s  shown i n  Figure 14-1. This p r o f i l e  
was determined by using hea t ing  degree day da ta  t o  c o r r e c t  actual 
1980 gas  consumption t o  an average year. The p r o f i l e  shows t h a t  
t h e  consumption ranged from a summer low of 590 MCF (thousand 
cubic  f e e t )  t o  a January high of 1740 MCF. The yea r ly  consump- 
t i o n  t o t a l e d  11,500 MCF. Of t h i s  t o t a l ,  approximately 4500 MCF 
was f o r  space heat ing,  approximately 2800 was f o r  130 OF domestic 
water heat ing,  and t h e  remaining 4200 MCF was f o r  180°F domestic 
water heat ing,  laundary l i n e n  drying, cooking, and miscellaneous 
gas  loads. 

14.2 -w of He-a Sv- Prior to Geot- 

The h o s p i t a l ' s  hea t ing  system p r i o r  t o  t h e  geothermal 
r e t r o f i t  is shown schematical ly  i n  Figure 14-2. T h i s  schematic 
inc ludes  t h e  domestic water hea t ing  system, t h e  primary and 
secondary space hea t ing  systems, and t h e  l i n e n  tumble dryers .  
The miscellaneous systems no t  r e t r o f i t t e d  wi th  geothermal are no t  
shown. 

Figure 14-2 shows t h e  pre-ex is t ing  hea t ing  system t o  
r e l y  pr imar i ly  on natural  gas-f i red equipment. Low pressure  
bo i le rs  produce steam assed through steam-to-water or 
steam-to-air h e a t  exchangers t o  meet t h e  p a r t i c u l a r  water or 
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Figure 14-1 Average Monthly Natural Gas Consumption 
Prior to Geothermal Retrofit 
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T-H-S Memorial Hospital Heating System 
Overview 
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space h e a t i n g  load. Addit ional  space hea t ing  is  accomplished 
w i t h  n a t u r a l  gas-f i red furnaces  i n  roof top  a i r  handling u n i t s  and 

uses n a t u r a l  gas  t o  f i r e  i ts  t h r e e  tumble  dryers .  
w i t h  electric d u c t  hea te rs .  The h o s p i t a l  laundry f a c i l i t y  a l s o  

The domestic water hea t ing  system used two 650 g a l l o n  
ho t  water generators ,  operated i n  p a r a l l e l ,  t o  provide 1 3 0 ° F  h o t  
water f o r  t h e  hosp i t a l .  These genera tors  provide up t o  1.01 x 
10' BTUH ( B t u / h r )  f o r  hea t ing  t h e  domestic water. On demand, 
p a r t  of t h e  domestic ho t  water (DHW) l eav ing  t h e  genera tors  i s  
boosted t o  approximately 1 8 0 ° F  f o r  the laundry and ki tchen.  

The secondary space hea t ing  system rece ives  preheated 
outdoor a i r  from t h e  primary space hea t ing  system and tempers it 
t o  maintain ind iv idua l  room or zone comfort. Induction u n i t s  
similar t o  t h a t  shown i n  Figure 14-3 are used i n  a l l  p a t i e n t  
rooms and a l s o  i n  many non-patient areas .  A two-pipe c i r cu i t  and 
three-pipe c i rcui t  supply secondary hea t ing  water (SHW) t o  i nd i -  
v idua l  induct ion  uni t s .  A valve operated by t h e  room thermosta t  
c o n t r o l s  SHW flow through t h e  induct ion  uni t s .  Operating data 
show t h e  two pipe circuit  t o  d e l i v e r  up t o  approximately 0.46 x 
l o c  BTUH for  hea t ing  t h e  h o s p i t a l ' s  t h i r d  f l o o r ,  and t h e  three 
Pipe c i r cu i t  t o  d e l i v e r  up t o  approximately 1.25 x 10' BTUH fo r  
t h e  f i r s t  and second f loo r s .  

Seven a i r  handling u n i t s  (AHU) i n  t h e  primary space 
hea t ing  system use steam c o i l s  t o  prehea t  t h e  l a r g e  volumes of 
outdoor a i r  (OA) required f o r  proper h o s p i t a l  v e n t i l a t i o n .  Much 
of t h i s  primary a i r  is then f ed  t o  ind iv idua l  induct ion  u n i t s  i n  
t h e  secondary space hea t ing  system where it i s  tempered t o  main- 
t a i n  room o r  zone comfort. Three a d d i t i o n a l  AHUs u s e  gas-f i red 
furnaces or electr ic  d u c t  h e a t e r s  t o  provide comfort for the i r  
r e spec t ive  zones. Operating data show these t e n  primary a i r  
handlers, summarized i n  Table 14-1 ,  t o  provide up t o  approxi- 
mately 2.06 x 10 '  BTUH of space heating. 
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TABLE 14-1. SUMMARY OF PRIMARY SPACE HEATING A I R  HANDLERS 

Percent Heating Area Secondary 
AHU Location Outside A i r  Mechani so1 Served Heating Method 

1 Boiler Room 100 Steam C o i l  F i r s t  Floor Room Steam C o i l s  
Roof (Surgery) 

1 
2 Penthouse 100 Steam Coil 

Room 

Penthouse ME 100 Steam Coil 
Room 

Steam Coil 

5 Penthouse ME 100 Steam Coil 

6 Penthouse HE 10 Steam Coil 

Room 
Q\ 
4 

Room 

7 F i r s t  Floor 0 Electric 
Roof Duat.Heaters 

F i r s t  and 
Second Floors 

F i r s t  and 
Second Floors 

F i r s t  Floor 
( R i  tchen) 

Third Floor 
(Pat ient  Rooms) 

Third Floor 
(Nurses Stat ion,  
Hallways) 

Firs t  Floor 
(Administrative 

' Offices,  
Laboratories) 

3-Pipe SAW circui t  
(Induction Units) 

3-Pipe SHW C i r c u i t  
(Induction U n i t  8 1 

None 

2-Pipe SAW Circu i t  
(Induction U n i t s )  

None 

None 

8 F i r s t  Floor 0 Steam Coil F i r s t  Floor None 

9 f i r  st Floor 0 Natural Gas F i r s t  Floor None 

ME Room (Kitchen 1 

Roof Furnace (Radiology , 
Corridors) 

Roof Furnace (Cotridor) 
10 Third Floor 0 Natural Gas Third Floor None 

ME - .Mechanical .Equipnent 

Source: Radian 1980 



MIXED AIR 
DISCHARGE 
TOROOM A 

L VALVE CONTROLLED 
BY ROOM THERMOSTAT 

Figure 14-3 Typical Induct ion Unit  i n  Secondary Heating 
System 

The design s t r a t e g y  f o r  t h e  geothermal r e t r o f i t  was t o  
i n t e r c e p t  t h e  h o s p i t a l ' s  hea t ing  system upstream of the  steam, 
gas, or electric hea t ing  components. These components would be 
l e f t  ope ra t iona l  w i t h  t h e i r  c o n t r o l s  modified so they would 
ope ra t e  as a backup system. Therefore, t h e  pre-ex is t ing  system 
would supply heat only i f  t h e  geothermal system could no t  meet 
hea t ing  demand. 
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As shown i n  F igu re  14-4, t h e  geothermal hea t ing  design 
c o n s i s t s  of a production system, a domestic water hea t ing  system, 
two secondary hea t ing  water (SHW) systems, and a primary hea t ing  
water (PHW) system. An overview schematic of t h i s  des ign ' s  
i n t e r f a c e  with t h e  pre-ex is t ing  system appears  i n  Figure 14-5. 
Comparing Figures  14-2 and 14-5 shows t h a t  t h e  geothermal system 
ope ra t ion  resembles t h a t  of t h e  n a t u r a l  gas system, except t h a t  
t h e  geothermal well r ep laces  the  n a t u r a l  gas bo i l e r s .  

More d e t a i l  desc r ip t ions  of t h e  geothermal design are 
presented i n  Sec t ions  15 through 19. A s i t e  p lan  showing t h e  
well l o c a t i o n  is presented  i n  Figure 1-3. 

DISPOSAL 
SYST€M PRODUCTION SYSTEM ------------- 

N M B U  CIRCUIT CIRCUIT 1 THROUGH 10 LOW I TEMPERATURE DRYERS 
I 

Figure 14-40 Geothermal Heating System Overview 
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Figure 14-5 Overview Schematic of Geothermal Retrofit 
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15. PRODUCTION SYSTEM DESIGN 

The production system i n  t h e  T-H-S Memorial Hosp i t a l ' s  
geothermal hea t ing  system is  defined t o  inc lude  t h e  production 
w e l l ,  t h e  submersible pump and i t s  con t ro l  system, the  p l a t e  heat 
exchangers, and t h e  a s s o c i a t e d  geof lu id  va lv ing  and piping. This  
s e c t i o n  inc ludes  a d i scuss ion  of a l l  t h e s e  elements except  the  
production well, which is  discussed i n  Sec t ion  8. Because pre- 
ven t ing  co r ros ion  and s c a l i n g  i s  c r i t i ca l  i n  geothermal systems, 
t h i s  s e c t i o n  also discusses t h e  s t e p s  taken t o  recognize and 
remedy these problems. 

15.1 -1s S w n a n d v P r e v e -  

Corrosion and s c a l i n g  i n  geothermal systems have shown 
themselves t o  be c r i t i ca l  problems. If  addressed proper ly  during 
design, these problems can usua l ly  be overcome economically. If 
n o t  addressed proper ly ,  they can create many opera t ion  and main- 
tenance (O&M) d i f f i c u l t i e s  and resul t  i n  very high OtM cos ts .  

To determine t h e  cor ros ion ,  s ca l ing ,  and o the r  p e r t i -  
racterist ics of t h e  T-H-S geofluid,  f i v e  f l u i d  ana lyses  
formed. A summary of these ana lyses  i s  presented i n  

Table 15-1. The summary shows t h e  f l u i d  t o  have a t o t a l  d i s -  
so l id s  (TDS) concent ra t ion  of about 4000 mg/l, with t h e  
o n t r i b u t o r  being sulfates. The t o t a l  suspended s o l i d s  

(TSS) concent ra t ion  i s  r e l a t i v e l y  low a t  approximately 1 6  mg/l. 
Hydrogen s u l f i d e ,  which i s  vaguely detectable by smell, i s  pre- 
s e n t  a t  concent ra t ions  of approximately 0.2 mg/l. 
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TABLE 15-1. SUMMARY OF T-tl-S GEOPLUId ANALYSES 

95% Confidence 
Drill Standard I;h!w?-- 
Stem Pumped' EWL ' PNL' SWL' Mean Deviation Lower upper 

4 
tu 

PH 

c1- 

HCOY 

COY' 

so;' 

H'S 

NHa 

sio, 
Na+K (as Na) 

m 
Ca 

TDS 

T S S  

7.25 

l!uLl 
11 4 

222 

0 

2054 

31 

765 

37 

26 8 

3605 

- 

7.33 

nsLl 
87 

16 8 

0 

2256 

40 

81 5 

35 

27 8 

3925 

- 

7.15 

QULl 
84 

171 

0 

2410 

0.2 

1.2 

40 

874 

39 

2 84 

4037 

- 

6.16' 

msLl 
95.7 

164.3 

0 

25 85 

<1 

1.2 

35.2 

1049 

46.3 

334 

423 5 

16 

7.2 

EsLl 
82.7 

128 

0 

23 95 

0.05 

1.19 

39.7 

1000 

41.4 

332.7 

3862 
- 

7.02 0.484 

p?sL1 EILl 
92.7 12.95 

170.7 33.55 

0 0 

2340 197.99 

Range 0.2 - 0.05 
1.20 .006 

37.2 4.01 

901 121 

39.7 4.37 

299.3 31.6 

3933 23 2 

16 - 

6.75 

nsu 
85.5 

152.0 

0 

2230 

1.19 

34.95 

83 4 

37.3 

281.8 

3804 

- 

7.28 

IWLl  

99.9 

189.3 

0 

2450 

1.20 

39.41 

96 8 

42.2 

316.9 

4061 
- 

'Drill steam test - 18 June 1979 
'Pump test - Sampled after 23 hrs production at 307 gpm. 
asampled at natural flow conditions - 29 August 1979. 
'Sampled at natural flow conditions - 19 October 1979. 
'Sampled at natural flow conditions - 19 August 1979. 
'Wellhead Measurement 

Temp - 152.6@F, 28 July 1979. 
Temp = 14O'F. 

1,2,3 Analyzed by Edna Wood Laboratories, Inc, 
4 Analyzed by Pacific Northwest Laboratories. 
5 Analyzed by Southwestern Laboratories. 



Using these ana lyses  and Radian's geothermal cor ros ion  
and fa i lure  a n a l y s i s  experience [ E l l i s  and Conover 1980; 19811, 
candidate  m a t e r i a l s  of cons t ruc t ion  were ca tegor ized  as no t  
acceptab le ,  n o t  recommended, p rov i s iona l ly  acceptable ,  accepta- 
ble ,  or recommended. Table 15-2 p re sen t s  t h e  p e r t i n e n t  results 
f o r  va r ious  s tandard  materials of construct ion.  Using these 
results, t he  materials i n  Table 15-3 were selected f o r  t h e  geo- 

tream, Materials t e s t i n g  done during system ope ra t ion  
(Sect ion 35)  confirmed these se l ec t ions ,  Mote t h a t  these mater- 
i a l s  r e s t r i c t i o n s  apply only t o  components wetted by t h e  geo- 
f l u i d ,  Standard hea t ing  system materials were used otherwise. 

I n  a d d i t i o n  t o  corrosion,  s c a l i n g  caused by the  geo- 
f l u i d  is  a c r i t i ca l  problem which can i n f l i c t  high maintenance 
c o s t s  on a geothermal system. In  its least  severe  forms, s c a l i n g  
f o u l s  heat exchanger surfaces and reduces t h e  heat de l ive red  t o  
t h e  system. I n  more severe  casest s c a l i n g  can plug pumps, 
piping, and heat exchangers, and can render a system inoperat ive.  

TABLE 15-3. PRODUCTION SYSTEM MATERIALS SELECTED FOR T-E-S DESIGN 

Component (SI Material Selected 

0 Production Piping Schedule 80 carbon steel '  
(in the  w e l l )  

0 Surface Piping Schedule 80 CPVC 

0 Valves CPVC body with 300 ser ies  
s ta in less  shaf t  and Buna-N 
or Viton elastomerlcs 

Type 316 s ta in less  s t e e l  

E ~ i - ~ e s i s t '  

0 Pump Shaft Monel 1500' 

0 Pump Bearings Leaded Red Bronze' 

'Carbon s t e e l  sui table  in t h i s  application since pump is expected 
t o  be replaced a t  approximately 7 year intervals,  a t  which time 
tUDing may be inspected and replaced as needed. 

'Standard materials i n  selected submersible production pump. 

73 



TABLE 15-2. SUMMARY OF MATERIALS EVALUATIONS FOR T-E-6 DESIGN',' 

Material of 
Construction Corrosion Comments Par t  Design Comments 

Carbon steel 
( m i l l  sca le  f r ee )  

P 
Must exclude oxygen. 
Avoid threaded j o i n t s  
because of maintenance 
problems. Protect 
exterior6 

7 

Oxygen-free corrosion r a t e s  
acceptably low. Oxygen 
contamination greatly 
acce lera tes  corrosion 
(by up t o  ten-fold). 

M i l l  s ca le  cathodic t o  
clean metal. W i l l  cause 
rapid p i t t i n g  of pipe a t  
defects i n  scale. 

Pipe/Tubing Carbon steel 
( w i t h  m i l l  scaie) 

Galvanized 2inc.not protective a t  
operating temperature. 
May promote rapid p i t t ing .  

See Beat Exchanger Plates 
below 

S ta in l e s s  Steel 

Plastic Pipe Corrosion res i s tance  good. 
Temperature res i s tance  of 
CPVC, PVDF, and poly- 
propylene suitable.  Some 
f iberg lass  reinforced piping 
ca r r i e s  r i s k  of fraying 
a f t e r  extended service i f  
not specified closely. W C  
temperature resistance not 
suitable.  

aecammended 
CPVC l i k e l y  most Cost 
cf fcctive.  

E'S a t tacks  copper, and 
copper-zinc a l loys  risk 
E'S dezincification. 

Trim l i f e  not accepable. 
Alat. 

Carbon steel body 
and trim. 

Probable ' fa i lure  trim 
related. Valves should 
be &asy t o  remove and 
maintain. Wafer valves 
recommended. 

Carbon steel body - 
A I S I  300 series 
trim. 

Valves 
not 

recommended because of 
plug/stem corrosion pro- 
blems and reciprocating 
stem motion which causes 
seal fa i lure .  - 
Minimal #ea1 problems. 
A I S I  300 s e r i e s  or 
elastomeric s e a t  
(Buna N. Viton, TPE). 
sa t i s fac tory .  

-. Poten- 
t i a l  stem/seal problems. 

recommended. 

Carbon steel body - 
A I S I  400 series 
trim. 

P i t t i ng  of trim probable. 
lat* 

Brass' body w i t h  
brass trim and 
s t a i n l e s s  s t e e l  
stem. 

Corrosion r a t e s  probably 
satisfactory.  Cathodic 
to  steel piping. Poten- 
t i a l  galvanic ef fect 
probably not severe. 

P l a s t i c  body w i t h  
p l a s t i c  trim 

Corrosion re si stance good. 
Temperature resistance of 
CPVC. PVDF, and poly- 
propylene suitable. 
Recommended. 

(Continued) 
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TABLE 15-2. SUMMARY OF MATERIALS EVALUATIONS FOR T-8-S DESIGN (Continued) 

T304 S ta in l e s s  Low uniform corrosion rates.  

T316 S ta in l e s s  

Incoloy 825 

Titanium 

Heat 
Exchanger 
P la t e s  

corrosion cracking. Can be -. 
ac id  cleaned. 

Low uniform corrosion rates.  P la tes  should be s t r e s s  
R i s k  of s t r e s s  corrosion re l ieved  a f t e r  forming. 
cracking l e s s  than fo r  T304. &ma. 
Can be ac id  cleaned. 

Should be equivalent t o  
T316 except immune t o  s t r e s s  
corrosion cracking. Can be 
ac id  cleaned. 

Should resist p i t t i n g  and 
crevice corrosion. Not 
susceptable t o  stress 
corrosion cracking. V e r y  
low corrosion r a t e s  com- 
pared t o  T304. Can NOT be 

pump 
B o w l s  

pump 
Impellers 

Stress re l iev ing  not 
required. More expen- 
s ive  than T316. 
AG=amlk. 

Elat. 
ac id  cleaned. 

bably low. 

Superior t o  cast iron. 

C a s t  Iron Uniform corrosion r a t e  pro- Must exclude oxygen. 

Erovisianallv. 
Ni-Re si st May be cathodic t o  Monel 
Cast Iron Becanrmended. KSOO (see sha f t s  below). 

Coated cast Numerous proprietary Damage t o  coating may 
i ron  or s t e e l  materials available.  cause accelerated 

General geothermal experi- p i t t ing .  Extreme care 
ence is t h a t  many coatings. 
give good serv ice  fo r  
t h ree  t o  f i v e  years. 
BcceDtable. 

i n  handling and in s t a l -  
l a t i o n  required. 

Aluminum bronze Probably l o w  corrosion rate. Poten t ia l  for  galvanic 
Immune t o  stress corrosion corrosion of impellers 
cracking. -. i f  coupled t o  17-4PH. 

Aluminum nickel May corrode more rapidly L i t t l e  galvanic effect 
bronze than nickel f r ee  alloys. i f  coupled t o  Honel 

Copper-zinc G r e a t  r i s k  of dezincifi-  
a l l o y s  ca t ion  of even ' r e s i s t an t  

Acceatable. KSOO. 

alloys.  ' 
lot. 

Alloy 20 S l igh t  r i sk  of stress L i t t l e  galvanic e f f e c t  
CN-7M corrosion cracking. Do i f  coupled t o  17- 4PH. 

not allow oxygen contami- If  coupled t o  Monel KSOO 
nation. -. may cause p i t t i n g  of 

See pump bowls above. 

Honel KSOO. 

Ni-Res i st 
Cast Iron aecammended. 



TABLE 15-2. SUMMARY OF MATERIALS EVALUATIONS FOR T-E-S DESIGN (Concluded) 

Material of 
Part  Construction 

Wonel K-500 

pump 
Shafts 

Corrosion Comments 

Design r e s t r i c t i o n  must 
be met. Widely used i n  
O i l  patch. 

Shaft  must be elac- 
t r i c a l l y  coupled t o  
appreciable area of more 
ac t ive  metal such a s  
cas t  i ron  or carbon 
steel bowls .  

1 - crevice 
corrosion could cause 
rapid f a i l u r e  due t o  
slippage of impeller and 
gauling of shaft .  

pump 
Bearings 

Shaft  
Coupling 

Shaft/ 
Impeller 
Coupling 

-- preferred because less 
susceptabl e t o  crevice 
corrosion. Key should 
be cathodic t o  impeller 
and shaft. 

17-4PB Res is t s  loca l ized  attack 
i n  T-8-S fluid.  
Brcammended. 
Expecience i n  other low 

material  s a t i s f ac to ry  
a t  T-8-8 l eve l s  of 8,s. 
&ssaAkk. 

shaf t  pumping experience 

corrosion and has tempera- 
ture res i s tance  t o  above 
3OO*F f o r  l i nesha f t  
bearings. w. 
Component usually s t a i n l e s s  
s tee l .  Sa t i s fac tory  unless 
AISI 400 series used. 

SAE 660 or other 
high lead  bronze temperature (<212*P) 
bearings serv ice  ind ica tes  t h i6  

Other bearing Other geothermal l ine- 
materials such a6 
TFE, Nylon 6/6.  ind ica tes  TFE r e s i s t s  

1. Evaluations performed during design phases. 
documented i n  Section 35. 

Materials ten t ing  during system operation 

2. Retrospective notes 
aluminum bronzes and aluminum-nickel bronzes only. 
is probably acceptable. 

under ualp.ca, .brass" should be r e s t r i c t e d  t o  leaded red bronzes, 
Under pump impellers, leaded red bronze 

Please r e fe r  t o  sec t ion  35 fo r  de t a i l ed  corrosion t e s t  results.  

L 

Sourcer Updated from Radian 1979. 
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To quan t i fy  t h e  s c a l i n g  p o t e n t i a l  of t h e  T-H-S geo- 
f l u i d ,  three s c a l i n g  ana lyses  were performed. I n  examining 
gypsum and s i l i ca  s c a l i n g  p o t e n t i a l ,  t h e  a c t u a l  ion  concent ra t ion  
products  i n  t he  T-H-S geo f lu id  were compared t o  t h e  s o l u b i l i t y  
products  over t he  range of temperature expected i n  normal opera- 
t ion .  If t h e  actual ion  concent ra t ion  products  of t h e  T-H-S 
f l u i d  are  less than t h e  s o l u b i l i t y  products, then s c a l i n g  i s  
thermodynamically forbidden. F igures  15-1 and 15-2 graph ica l ly  
present  resul ts  of the  gypsum and s i l i ca  analyses.  These f i g u r e s  
showed t h a t  a s l i g h t  chance for  gypsum sca l ing  e x i s t s ,  b u t  t h a t  
s i l i ca  s c a l i n g  is no t  expected. 

The tendency f o r  calcium carbonate (CaCO,) s c a l i n g  was 
determined by comparing t h e  pH of geo f lu id  samples wi th  t he  
Lowenthal-Marais-Langelier calcium c a r b o n a t e  s a t u r a t i o n  pH 
[Lowenthal and Marais 19761 of t h e  T-8-S geofluid.  It  was found 
t h a t  t he  p re s su r i zed  wellhead geof lu id  samples were undersatur- 
ated w i t h  calcium carbonate  i n d i c a t i n g  no p o t e n t i a l  calcium 
carbonate s c a l i n g  problem. B u t  as  t h e  d i s so lved  carbon d ioxide  
off-gased from t h e  samples, t h e  pH increased  u n t i l  a p o t e n t i a l  
calcium carbonate  s c a l i n g  problem was indica ted .  

To quan t i fy  t h i s  problem, wellhead pH and i o n i c  species 
concent ra t ions  were used as  i n p u t s  t o  a comprehensive computer- 
i zed  aqueous equ i l ib r ium program. The p a r t i a l  p ressure  of carbon 
d ioxide  i n  t he  r e s e r v o i r  and t h e  system opera t ing  pressure 
required t o  prevent  off-gasing were calculated. From t h i s  analy- 
sis it was concluded t h a t  maintaining t h e  geo f lu id  above 5-10 
p s i g  would keep the  carbon d ioxide  i n  so lu t ion ,  t h u s  keeping t h e  
f l u i d  pH low enough t o  prevent  calcium carbonate scal ing.  
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2.8 I 

Temperature ( F O )  

Figure 15-1 Gypsum S c a l i n g  Tendency i n  T-H-S Flu id  
(Shaded area  denotes  2 2 sigma ranges) 
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1 Figur e 15-2 S i l i c a  S c a l i n g  Tendency a t  T-H-S (Shaded 
area  denotes  f 2 sigma ranges)  
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As discussed i n  Sec t ion  26 and Appendix D, inspec t ion  
of the  completed T-H-S system af ter  seven months of normal opera- 
t i o n  d i sc losed  no evidences of s c a l i n g  by gypsum, si l ica,  or 
calcium carbonate. 

From t h e  cor ros ion  and s c a l i n g  ana lyses  a l s o  grew some 
important design s t r a t e g i e s  f o r  t h e  geo f lu id  components: 

0 Design a c losed  geof lu id  system t o  minimize 
oxygen i n t r u s i o n  and t h e r e f o r e  corrosion;  

0 Minimize use of va lves  having a r ec ip roca t ing  
stem a c t i o n  t o  minimize stem scale buildup; 

0 Use p l a t e  type h e a t  exchangers, which provide 
high l e v e l s  of cor ros ion  resistance a t  accep- 
table  cos t s ,  and high f l u i d  tu rbu lence  t o  
discourage sca l ing ;  and 

Maintain system pressure a t  approximately 8 
p s i g  or above t o  discourage CaCO, sca l ing .  

As discussed i n  Sec t ions  26 and 35, adherence t o  these design 
s t r a t e g i e s  and materials recommendations has  provided a highly 
re l iable  hea t ing  system which should be long-lived. 

15.2 - & & S I U I U ~  

A schematic of t he  T-H-S production system i s  presented  
i n  Figure 15-3. I n  t h i s  system, a submersible pump produces 
geof lu id  f o r  four  p l a t e  heat exchangers which t r a n s f e r  t h e  geo- 
thermal heat t o  t h e  va r ious  h o s p i t a l  hea t ing  loads.  Features Of 

t h e  production system are summarized i n  Table 15-4. Those of 
p a r t i c u l a r  i n t e r e s t  are t h e  submersible pump and i ts  v a r i a b l e  
frequency d r i v e  (VFD) c o n t r o l  system, t h e  a i r t i g h t  wellhead with 
a vacuum breaker,  and t h e  B t u  meter. 
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TABLE 15-4. PRODUCTION SYSTEM DESIGN FEATURES 
~~~ ~ 

Desiqn Feature Comments 

Submersible pump Su i t ab le  m a t e r i a l s  of con- 
s t r u c t i o n ,  e a s i l y  i n s t a l l e d  
and pul led.  

A i r  l i n e  Enables drawdown and well 
p roduc t iv i ty  t o  be t racked  

A i r  t i g h t  Wellhead w i t h  L i m i t s  t he  a i r  changes i n  t h e  
Vacuum Breaker well bore a s  pumping r a t e s  

vary,  thereby reducing oxygen 
i n  w e l l  bore and i t s  co r ros ive  
effects  

Var iab le  Frequency Drive 
Control System 

B t u  Computer 

Plate Heat Exchangers 

Backflush l i n e s  

Varies  production ra te  t o  match 
hea t ing  demand, thereby con- 
serv ing  pumping energy, conserv- 
i n g  t h e  geothermal resouce, and 
minimizing environmental impact 

Measures ins tan taneous  flow ra te  
(gpm) , temperature drop, and 
hea t ing  ra te  ( B t u / h r ) ,  and 
t o t a l i z e s  flow (ga l )  and hea t  
de l ive red  ( B t u )  

Economically provide high 
cor ros ion  r e s i s t a n c e ,  high 
heat t r a n s f e r  c o e f f i c i e n t s ,  
c lo se  approach temperatures,  
s c a l i n g  r e s i s t a n c e ,  easy 
cleaning,  and minimal f l o o r  
space requirements 

Enables heat exchangers t o  be 
rou t ine ly  backflushed t o  
d i  scour age scale bui ldup 

I 

~ i 
! 

-- 

,---- 

I 

j 
i 
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The submersible pump is  a f ive-s tage  C e n t r i l i f t  S-175 
with a twenty horsepower motor. Its production tubing i s  4 inch 
schedule 80 carbon steel pipe,  w i t h  schedule  80 being chosen t o  
provide a d d i t i o n a l  cor ros ion  allowance. The pump's speed is 
c o n t r o l l e d  by t h e  VFD con t ro l  system t o  produce from 35 t o  160 
gpm. This  c o n t r o l  system ope ra t e s  by sens ing  t h e  geof lu id  system 
discharge temperature and a d j u s t i n g  t h e  pump speed according t o  
t h a t  temperature. Since t h e  discharge temperature is  a d i r e c t  
measure of t h e  hea t ing  demand, the  flow rate is  automat ica l ly  
ad jus ted  according t o  demand. 

Aside from providing an important con t ro l  funct ion,  
t h i s  VFD system a l s o  has  o ther  b e n e f i t s  [Ferguson and Green 
19811. Since t h e  pumping power v a r i e s  a s  t h e  cube of t h e  speed, 
t h e  VFD saves  s i g n i f i c a n t l y  on p a r a s i t i c  power. An economic 
a n a l y s i s  showed t h a t  t h e  VFD should pay for  i t s e l f  i n  e l e c t r i c i t y  
sav ings  wi th in  its expected f i f teen  year  l i fe .  Also, s i n c e  only 
t h a t  f l u i d  required t o  meet heat ing demands i s  produced, t h e  
geothermal resource is conserved. S imi l a r ly ,  environmental 
impacts a r e  lessened  since less geof lu id  m u s t  be disposed. I n  
add i t ion ,  a l though VFD's  have shown themselves t o  be reliable,  a 
VFD bypass which enables  t h e  pump t o  run "across t h e  l i n e "  
i s  provided. 

Another no tab le  production system f e a t u r e  i s  cas ing  and 
production tubing corrosion protect ion provided by t h e  a i r t i g h t  
wellhead assembly. By sea l ing  t h e  cable  and its pene t r a t ion  
through t h e  wellhead, and by i n s t a l l i n g  a vacuum breaker, t h e  
wel lbore se rves  as a compression tank .  Only during those  few 
i n s t ances  of peak hea t ing  demand, when t h e  pump is  running a t  
f u l l  speed and t h e  water l e v e l  i s  lowestr w i l l  t h e  vacuum breaker 
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open t o  allow a i r  i n t o  t h e  wellbore. And t h i s  i n t r u s i o n  is  
minimal because t h e  pressure i n s i d e  and ou t s ide  t h e  wel lbore is  
near ly  equal. A t  a l l  o the r  times, the vacuum breaker i s  c losed  
and t h e  wel lbore becomes a c losed  system. 

The t h i r d  e s p e c i a l l y  notab le  feature of the production 
system is  t h e  Hersey Model 7003 B t u  meter. This  microprocessor 
system uses a tu rb ine  flow meter and two temperature senso r s  t o  
continuously monitor flow rate  and temperature drop, and t o  
compute t o t a l  production (gal)  and hea t  de l ive red  (B tu ) .  Each of 
t h e s e  measurements-gpm, temperature drop, Btu/hr, ga l lons ,  and 
Btu's--can be d i g i t a l l y  d isp layed  on t h e  f a c e  of t h e  meter. 
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16. DISPOSAL SYSTEM DESIGN 

Because discharge i n t o  t h e  C i t y ' s  storm drainage system 
is an  appropr i a t e  disposal method fo r  t h e  T-H-S system (Refer t o  
Sec t ions  6 and 361, t he  d i sposa l  system is simple. It  c o n s i s t s  
only of approximately 420 f e e t  of buried, un insula ted  CPVC pipe 
and a backpressure valve. The backpressure va lve ' s  purpose is t o  
maintain a t  least  an 8 p s i g  pressure  w i t h i n  t h e  geof lu id  produc- 
t i o n  p ip ing  a t  a l l  times. As shown i n  t h e  s c a l i n g  d iscuss ions  i n  
Sec t ion  15, maintaining t h i s  pressure  prevents  calcium carbonate 
(CaCO, 1 sca l ing .  
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17 0 TRANSMISSION SYSTEM DESIGN 

Because t h e  product ion w e l l  i s  on t h e  h o s p i t a l  
premises and within  20 feet of the  heat  exchangers, t h i s  s e c t i o n  
of the report is  not  appl icable  t o  the T-H-S system. 

j 
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18.  DISTRIBUTION SYSTEM DESIGN 

Because the production well is  on the  T-H-6 Hospital 
premises and because the hosp i ta l  i s  the  sole user of the 
geof lu id ,  t h i s  s e c t i o n  i s  not  applicable.  
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190 APPLICATION SYSTEM DESIGN 

The a p p l i c a t i o n  system f o r  t h e  T-H-S Memorial Hospi ta l  
uses geothermal energy f o r  domestic water heat ing,  l i n e n  drying, 
and space heat ing.  Four cascaded p l a t e  heat exchangers extract 
the  geothermal h e a t  f o r  these uses. The f i r s t  i s  dedicated t o  
domestic water hea t ing  and l i n e n  drying. The second and t h i r d  
are dedica ted  t o  secondary space heat ing,  and t h e  fou r th  is  
dedicated t o  primary space heating. Each of t hese  subsystems 
wi th in  t h e  a p p l i c a t i o n  system is described below. 

19.1 Domestic Water H e W g  and Laundry D r y i I W  

I n  t h i s  system, shown schematical ly  i n  F igu re  19-1, t h e  
hot  water gene ra to r s  (HWG) pip ing  was modified f o r  series rather 
than p a r a l l e l  operation. HWG-1 is maintained a t  i t s  desired 
temperature by a t he rmos ta t i ca l ly  c o n t r o l l e d  pump which circu- 
la tes  DHW through h e a t  exchanger 1 (HX-1).  Thus, HWG-1 becomes 
the  geothermally-heated s to rage  tank and HWG-2 becomes, if 
needed, a boost ing tank. However, s i n c e  t h e  previously e x i s t i n g  
DHW pump con t inua l ly  circulates DHW from HWG-1 t o  HWG-2, t h e  
boost ing i s  seldom needed. 

I n  t he  un l ike ly  f a h e a t  exchanger l eak ,  two 
methods of prevent ing geo from e n t e r i n g  the  DHW system 
are provided. The f i r s t  i s  p res su re  d i f f e r e n t i a l .  As shown i n  
Figure 19-1, the  e n t e r i n g  geof lu id  p re s su re  a t  f u l l  flow is  

I 
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Figure 19-1 Schematic of Retrofit  t o  Domestic Water 
Heating and Laundry Drying 



c) 

approximately 40 ps ig  and t h e  e x i t i n g  DHW pressure  i s  approxi- 
mately 50 psig. Therefore,  a leak condi t ion  would resu l t  i n  DEIW 
e n t e r i n g  t h e  geof lu id  stream rather than  v i c e  versa.  

The second method uses a conductance probe i n  t h e  heat 
exchanger e x i t  stream t o  continuously monitor DHW conductance. 
I f  an i n t r u s i o n  occurs,  two automatic  va lves  bypass flow around 
the  h e a t  exchanger and an alarm aler ts  t h e  operator  t o  t h e  condi- 
t ion.  By checking the  conduct iv i ty  of makeup water w i t h  t h e  same 
monitor, t h e  operator  can determine i f  t h e  alarm is  false. I n  
e i t h e r  case, c o r r e c t i v e  a c t i o n  i s  def ined  i n  t h e  system 0 & M  
manual [Ferguson and Green 19821. 

It  should be noted t h a t ,  because the  geof lu id  is  rela- 
t i v e l y  "clean," t h i s  monitoring is mainly used t o  prevent  a 
d e t e c t i o n  of the  secondarv dr inking  water s tandards  (those 
related t o  tas te  and o the r  aesthetic qua l i t i es ) .  Such a v io la -  
t i o n  would occur a t  approximately 7.2 percent  leakage*, while  t h e  
monitor permits  d e t e c t i o n  of a 5 percent  leakage. V io la t ion  Of 
t h e  primary dr inking  water s tandards  ( those related t o  h e a l t h  and 
s a f e t y )  would no t  occur u n t i l  a 98 percent  leakage occurred. The 
monitoring a l s o  t h e r e f o r e  guards a g a i n s t  v i o l a t i o n  of primary 
standards.  

The t u m b l e  dryer a i r  preheat uses a h o t  water c o i l  
i n s t a l l e d  i n  each of the  t h r e e  dryer  a i r  i n t a k e s  t o  prehea t  a i r  
e n t e r i n g  t h e  dryers .  A manually c o n t r o l l e d  pump is  opera ted  by 
laundry personnel t o  a c t i v a t e  t h e  a i r  prehea t  when t h e  d rye r s  are 
being used. 

*Mixture of geo f lu id  and DHW conta in ing  7.2 percent  geofluid.  

L 
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19.2 Sec-rv Snace Heating 

Most of t h e  secondary space hea t ing  a t  t h e  hospital  i s  
accomplished by c i r c u l a t i n g  secondary hea t ing  water (SHW) through 
room induct ion  u n i t s  (refer t o  F i g u r e  14-31. Two SHW circuits,  a 
2-pipe and a 3-pipe, e x i s t .  The 3-pipe c i rcu i t  s e r v i c e s  t h e  
f i r s t  and second f l o o r s ,  and the  2-pipe c i rcui t  s e r v i c e s  t h e  
t h i r d  f loo r ,  A p l a t e  h e a t  exchanger i s  dedicated t o  each because 
t h e  c i rcui ts  opera te  a t  d i f f e r e n t  temperatures. The 2-pipe 
c i r c u i t  requires up t o  1 3 0 ° F  SHW, w h i l e  t he  3-pipe circuit  
r e q u i r e s  only 120OF. 

F igure  19-2 i s  a schematic of t h e  r e t r o f i t  f o r  t h e  
2-pipe c i rcui t .  The 3-pipe c i rcui t  i s  similar. As shown, t h e  
SHW r e t u r n  i s  d i v e r t e d  as  needed t o  t h e  p l a t e  h e a t  exchanger 
p r i o r  t o  reaching t h e  convertor.  The three way modulating va lve  
c o n t r o l s  t h e  amount of water bypassing t h e  heat exchanger accord- 
i ng  t o  hea t ing  demand. It  is  staged with the  conve r to r ' s  steam 
valve  such t h a t  a l l  t h e  SHW flow passes  through t h e  heat ex- 
changer (i. e. , maximum hea t ing )  before  t h e  steam valve  opens t o  
provide supplemental heat ing.  Only dur ing  about f i v e  percent  of 
t h e  hea t ing  season shou ld  t h e  steam va lve  ever be needed f o r  
either t h e  2-pipe or t he  3-pipe circuits.  

19.3 

R e t r o f i t t i n g  t h e  primary space hea t ing  system wi th  
geothermal required i n s t a l l a t i o n  of a primary hea t ing  water (PHW) 
circuit .  The PHW i n  t h e  c i rcu i t  i s  a 70 percent  water/30 percent  
propylene g lycol  so lu t ion .  This  an t i - f r eeze  s o l u t i o n  provides  
p ro tec t ion  i n  t h e  event c i r c u l a t i o n  i s  l o s t  during f r e e z i n g  
weather . 
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Figure 19-2 Schematic of Retrof i t  t o  Secondary Space 
Heating 



The schematic i n  F i g u r e  19-3 shows t h a t  t h e  PHW circui t  
s u p p l i e s  heat t o  four  a i r  handlers  i n  t h e  penthouse mechanical 
room, t o  t h r e e  o ther  remote a i r  handlers ,  and t o  three roof top  
a i r  handlers.  The PHW r e t r o f i t  uses  two pumps i n  p a r a l l e l  t o  
circulate PHW from a p l a t e  h e a t  exchanger through t h e  four  pent- 
house a i r  handlers.  A t h i r d  pump w i l l  e x t r a c t  some of t h e  PHW 
l eav ing  t h e  penthouse t o  provide heat f o r  t h e  remote a i r  handlers  
w i th in  t h e  building. S imi la r ly ,  a f o u r t h  pump w i l l  c irculate PHW 
through t h e  roof top  uni t s .  Each pump i s  the rmos ta t i ca l ly  con- 
t r o l l e d  t o  ope ra t e  according t o  hea t ing  load. The o v e r a l l  
pumping scheme i s  a pr imary / secondary  system i n  which t h e  
( p a r a l l e l )  primary pumps a l s o  supply a zone (penthouse a i r  
hand1 er s 1 . 

For each of t h e  t e n  a i r  handl ing u n i t s  i n  t h e  primary 
space hea t ing  system, a PHW c o i l  was i n s t a l l e d  ahead of t h e  
e x i s t i n g  hea t ing  component. The PHW flow through each c o i l  is  
c o n t r o l l e d  w i t h  automatic  valves.  These va lves  are modulating i n  
seven of t h e  a i r  handlers  and are  two p o s i t i o n  i n  t h e  remaining 
three.  I n  each case, t h e  hea t ing  i s  s taged  so t h a t  backup 
h e a t i n g  is allowed only i f  t h e  PHW cannot meet demand. 
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20. PRODUCTION SYSTEM CONSTRUCTION 

Production system cons t ruc t ion  a t  t h e  T-H-S Memorial 
Hospi ta l  was completed under two s e p a r a t e  e f f o r t s .  The f i r s t  was 
t h e  1979 well d r i l l i n g ,  completion, and t e s t ing .  This  e f f o r t  is 
described i n  Sec t ions  8 and 9 .  The second e f f o r t ,  which included 
i n s t a l l a t i o n  of the  production pump and i ts  con t ro l s ,  occurred 
concurrent ly  with t h e  cons t ruc t ion  of t h e  a p p l i c a t i o n  system 
(1981/1982). Supplemental information, such as  t h e  cons t ruc t ion  
system bidding and con t r ac to r  s e l e c t i o n ,  is theref o r e  included 
w i t h  t h e  a p p l i c a t i o n  system cons t ruc t ion  i n  Sec t ion  24. 

The product ion system a s  i n s t a l l e d  has only one devia- 
t i o n  from t h a t  d e s i g n e d  and s p e c i f i e d  i n  t h e  o r i g i n a l  b i d  
package. The Hersey B t u  Meter was added t o  t h e  production system 
during cons t ruc t ion  and i n s t a l l e d  under an Engineering Change 
Order (ECO).  T h i s  a d d i t i o n  enables t h e  Texas Rai l road Commis- 
s i o n ' s  production r epor t ing  requirements t o  be met. I t  a lso 
provides  energy monitoring da ta  and system t roubleshoot ing  aid. 

Other p a r t s  of t h e  production system a r e  i n s t a l l e d  as  
designed and spec i f i ed .  The C e n t r i l i f  t submersible pump is se t  
a t  200 feet  below t h e  surface and uses a v a r i a b l e  frequency d r i v e  
(VFD) manufactured by I n d u s t r i a l  Drive Maintenance, Also as  
designed, t he  VFD and i t s  con t ro l s  i n c l u d e  a bypass f e a t u r e  t o  
allow t h e  pump t o  be run "across t h e  l i n e "  i n  t h e  event of a VPD 
fa i lure .  
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21. DISPOSAL SYSTEM CONSTRUCTION 

The T-H-S disposal system was cons t ruc ted  concurrent ly  
w i t h  t h e  a p p l i c a t i o n  system. Supplemental information such as 
t h e  bidding and con t r ac to r  s e l e c t i o n  i s  theref o r e  included w i t h  
t h e  a p p l i c a t i o n  system coEstruct ion i n  Sec t ion  24. 

Two dev ia t ions  d id  occur from t h e  disposal system which 
was designed and s p e c i f i e d  i n  t h e  bid package. A t  t h e  reques t  of 
t h e  C i ty  of Marlin, t h e  d i sposa l  piping r o u t e  was altered so t h a t  
t h e  geof lu id  would be discharged i n t o  t h e  storm sewer system a t  a 
d i f f e r e n t  curbside drainage box than o r i g i n a l l y  planned. The 
Ci ty  f e l t  t he  new rou te  would be less l i k e l y  t o  impact street  
f looding  occas iona l ly  experienced near t h e  o r i g i n a l l y -  t a rge ted  
drainage box. Because t h e  new route  was s u i t a b l e  t e c h n i c a l l y  and 
requi red  minor a d d i t i o n a l  expense, t h e  420 feet of d i sposa l  
p ip ing  was buried along t h e  new route  (refer t o  F i g u r e  1-31. 

The second construct ion modi f ica t ion  was i n  a changeout 
Of t h e  backpressure va lve  ( t h i s  v a l v e  maintains  system pressure  
above 8 p s i g  t o  discourage calcium carbonate s c a l i n g ) .  A spring- 
loaded check va lve  of CPVC cons t ruc t ion  was o r i g i n a l l y  s p e c i f i e d  
f o r  t h i s  component. However, t h i s  valve "chattered" excess ive ly  
and was unacceptable. Technically,  t h e  va lve  was an  underdamped 
mechanical system. The spr ing  and b a l l  check con t inua l ly  reci- 
procated i n  a p i s ton - l ike  fash ion ,  damaging t h e  b a l l  s e a t  a f te r  
only a few days of operation. The b a l l  check va lve  was replaced 
w i t h  a "C lava l "  Series 50-01 backpressure v a l v e  which h a s  
opera ted  r e l i a b l y  and without inc ident .  

.I 
i 
i 
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22. TRANSMISSION SYSTEM CONSTRUCTION 

Because t h e  production w e l l  i s  on t h e  h o s p i t a l  
premises, a transmission system was n o t  needed. This section i s  
therefore not appl icable  t o  the T-H-S project .  
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23. DISTRIBUTION SYSTEM CONSTRUCTION 

Because the production well i s  on the  hosp i ta l  premises 
and because the  T-H-S Hospital i s  the  sole user of the  geofluid,  
no d i s t r ibut ion  system was needed, This s ec t ion  i s  therefore not  
appl icable  t o  the  T-H-S project.  
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24. APPLICATION SYSTEM CONSTRUCTION 

The cons t ruc t ion  p lans  and s p e c i f i c a t i o n s  f o r  t h e  T-H-S 
I 
1 Memorial Hospi ta l  Geothermal Heating System included n o t  only t h e  

a p p l i c a t i o n  system, b u t  a l s o  t h e  d i sposa l  system and p a r t  of t h e  
production system (excluding w e l l ) .  Therefore, the  bidding and 
con t r ac to r  s e l e c t i o n  process  discussed . below a p p l i e s  t o  t h e  
production and d i sposa l  systems a s  well as  t h e  a p p l i c a t i o n  sys- 
t e m .  However, the  cons t ruc t ion  modi f ica t ions  described below 
focus only on t h e  a p p l i c a t i o n  system. Construction phase modifi- 
ca t ions  f o r  t he  production and d i sposa l  systems are discussed i n  
Sec t ions  20 and 21, respec t ive ly .  

.) 
! 

CnnfitrUction of t h e  T-H-S system was predominantly of a 
mechanical nature.  Consequently, a mechanical con t r ac to r  was 
sought t o  ope ra t e  a s  a prime con t r ac to r  and t o  employ t h e  neces- 
sa ry  genera l ,  w e l l  pump, electrical ,  and c o n t r o l s  subcontractors .  

An open bidding r i z e d  i n  Fig e 24-1, was 
candidate  bidder s. e "Notice t o  Bidders" was 
r area newspape two w e e k s  p r i o r  t o  t h e  
period. A t  s ta r t  of t h  b id  period, p lans  
s were d i s t r  ed t o  c e n t r a  Plan rooms of t h e  

F. W. Dodge Information Systems and t h e  Associat ion of General 
Cont rac tors  of America, Inc. 
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2/1/81 3/1/81 4/1/81 

P u b l i s h  n o t i c e  t o  
bidders  

o Dis t r ibu te  p l ans  
and s p e c i f i c a t i o n s  

o Convene pre-bid 
conference 

Receive and open 
b ids  

@ Review b ids  and 
select con t r ac to r  

r - 
0 

Figure 24-1 Summary of Bidding Process 

During the  one-month b id  per iod  beginning March 2, 
1981, approximately twenty-f ive sets of p lans  and s p e c i f i c a t i o n s  
were d i s t r i b u t e d  t o  i n t e r e s t e d  con t r ac to r s .  I n  t h e  middle of t h e  
b i d  period, a pre-bid conference was he ld  a t  t he  h o s p i t a l  t o  
answer ques t ions  posed by prospec t ive  bidders  and t o  consider  t he  
need f o r  addenda t o  the  b id  package. Cont rac tors  were a l s o  given 
a tou r  of t h e  p a r t s  of t h e  h o s p i t a l  affected by the  work. 

Sealed b i d s  for t h e  T-H-S Memorial Hospi ta l  Geothermal 
Heating System were received and opened on Apr i l  2, 1981. These 
b ids  are summarized i n  Table 24-1. Although t h e  b id  range was 
very l a rge ,  it i s  n o t  p a r t i c u l a r l y  unusual f o r  r e t r o f i t  p ro jec ts .  
Typical ly ,  c o n t r a c t o r s  t h a t  study t h e  work very c l o s e l y  are 
l i k e l y  t o  provide t h e  low b id  because they become comfortable 
w i t h  lowering t h e  cont ingencies  associated w i t h  r e t r o f i t s .  

Based on q u a l i f i c a t i o n s  and p r i c e ,  Lochridge-Priest, 
Inc. , was selected a s  t h e  prime cont rac tor .  (Subcontractors are 
footnoted  i n  Table 24-1.) The Notice t o  Proceed was i s sued  on May 
1, 1981. 

I 

I 

I 
I 

i 
i 
i 
i 
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TABLE 24-10 BIDS RECEIVED FOR THE T-H-S MEMORIAL HOSPITAL 
GEOTHERMAL HEATING SYSTEM 

Bidder Location Bid Amount 

Cap i t a l  Mechanical Austin, TX $490,000 

Grunau For t  Worth, TX 430,936 

Ja co bs-Ca they Waco, TX 689,000 

Waco, TX 369,780 1 Lochridge-Priest, Inc. 

'r 
Selected con t r ac to r  based on q u a l i f i c a t i o n s  and pr ice .  
Subcontractors  were as  follows: w e l l  pump - Smith Pump CO., 
Waco, TX; e lectr ical  - Commercial Electric, Waco, TX; c o n t r o l s  - 
Johnson Controls,  Dallas, TX. 

24.2 Constructian Activit i ,es 

System i n s t a l l a t i o n  occured genera l ly  as scheduled. 
The submersible pump was i n s t a l l e d  i n  mid-December 1981, and t h e  
h o s p i t a l  began using t h e  geothermal energy f o r  secondary space 
hea t ing  a t  t h a t  t i m e .  Domestic water hea t ing  and primary space 
hea t ing  w i t h  geothermal, however, d i d  no t  begin u n t i l  January 
1982. S u b s t a n t i a l  completion was achieved on schedule i n  January 
1982. 

Although no s i g n i f i c a n t  modi f ica t ions  t o  t h e  appl ica-  
t i o n  system were required during cons t ruc t ion ,  s eve ra l  minor ones 
were needed. These included i n s t a l l a t i o n  of a concre te  ramp and 
walkway, i n s t a l l a t i o n  of manual a i r  bleeds on con t ro l  valves ,  and 
modif i c a t i o n  of ductwork. 

To ass is t  h o s p i t a l  personnel who would opera te  t h e  
system, a set of monitoring l o g s  and an opera t ing  manual were 
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prepared. The l o g s  i d e n t i f i e d  da t a  which t h e  ope ra to r s  should 
t a k e  pe r iod ica l ly  t o  f a m i l i a r i z e  themselves wi th  t h e  system. 
These l o g s  a l s o  provided a good foundation f o r  troubleshooting. L 

The ope ra t ing  manual [Ferguson and Green 19821 a l s o  
assisted t h e  T-H-S personnel i n  understanding and t roubleshoot ing  
t h e  system. The manual provides  f o r  a sound and complete under- 
s tanding  of t h e  basic concepts of t h e  geothermal system and how 
it i n t e r f a c e s  with t h e  pre-ex is t ing  system. I t  i s  w r i t t e n  f o r  
t h e  T-H-S maintenance personnel,  who have a good understanding of 
heat ing,  v e n t i l a t i n g ,  and a i r  condi t ion ing  equipment. The manual 
covers t h e  production and d i sposa l  systems a s  well as t h e  app l i -  
ca t ion  system. 

After s u b s t a n t i a l  completion and completion of most of 
t h e  Engineering Change Orders, Radian engineers  performed exten- 
s i v e  acceptance t e s t i n g  t o  ensure t h e  system was ope ra t ing  prop- 
e r l y .  G e n e r a l l y ,  a l l  sys t ems  were found t o  be o p e r a t i v e .  
Several  important c o n t r o l s  d i d  need adjustment,  however, i n  order  
t o  d e r i v e  maximum b e n e f i t  from t h e  geothermal energy. These 
adjustments were completed by t h e  cont rac tor .  A copy of t h e  
acceptance tes t  r e p o r t  i s  included i n  Appendix C. 

I n  Apr i l ,  1982, a system dedica t ion  ceremony w s  he ld  a t  
t h e  hosp i t a l .  The p r o j e c t  h i s t o r y  and resu l t s  t o  d a t e  were 
accounted, system t o u r s  were given, and system brochures (see 
Sec t ion  34 and Appendix F)  were d i s t r i b u t e d .  The ceremony was 
sponsored by t h e  T-H-S Hospi ta l  and Marlin c i v i c  groups, and was 
well a t tended  by s t a t e  and l o c a l  p o l i t i c a l  f i g u r e s ,  l o c a l  c i t i -  
zens, p ress ,  and p r o j e c t  p a r t i c i p a n t s .  
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25. SYSTEM MANAGEMENT AND ORGANIZATION 

The T-H-S Memorial Hospi ta l  i s  t h e  owner and sole  user  
of t h e  T-H-S geothermal system. The h o s p i t a l  a l so  manages and 
operates  t h e  system, and i s  r e s p o n s i b l e  for a l l  maintenance. 
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26. PRODUCTION SYSTEM PERFORMANCE 

26.1 

S ince  production system s t a r t -up  i n  December 1981, 
geo f lu id  product ion a t  T-H-S has  been maintained without  i n t e r -  
ruption. The system has  r equ i r ed  .no c o r r e c t i v e  maintenance, and 
t h e  o p e r a t o r s  have expressed high l e v e l s  of s a t i s f a c t i o n .  No 
post-construct ion modi f ica t ions  have been needed. And, except as  
noted i n  t h e  next  paragraph, t h e  pump' and v a r i a b l e  frequency 
d r i v e  (VFD) have automatically produced only  t h a t  geofluid needed 
t o  supply t h e  hea t ing  demand. 

I n  January, 1982, whi le  s t i l l  i n  t h e  cons t ruc t ion  phase 
and after about  one month of production system operat ion,  t h e  VFD 
d i d  experience a failure.  T h i s  fa i lure  required t h e  VFD t o  be 
of f  l i n e  f o r  about four  days whi le  warranty r e p a i r s  were made. 
During t h i s  per iod,  the bypass f e a t u r e  on t h e  pump c o n t r o l s  
enabled the  pump t o  be run a t  f u l l  speed "across t h e  l i ne . "  
Consequently, production was n o t  l o s t  even though t h e  VFD was ou t  
of service. 

Since  Janaury, 1982, no o the r  component f a i l u r e s  have 
occurred, al though t h e  o p e r a t o r s  d i d  r e p o r t  a bare ly  aud ib le  
"rat t len a t  t h e  wellhead i n  November 1982. The noise  was inves t -  
i g a t e d  independent1 by Smith Pump Company (submersible pump 
i n s t a l l e r s )  and by ian. The noise  was t e n t a t i v e l y  diagnosed 
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as stemming from t h e  downhole check value. Assuming t h i s  diagno- 
sis i s  c o r r e c t ,  no near-term problems should  arise. Even i n  t h e  
event  t h e  r a t t l e  was due t o  another  component, such as  t h e  pump 
i t s e l f ,  i d e n t i f y i n g  t h e  cause and p r e d i c t i n g  f a i l u r e  would be 
extremely speculat ive.  Furthermore, t h e  expense of p u l l i n g  t h e  
pump f o r  i n spec t ion  would be d i f f i c u l t  t o  j u s t i f y  s i n c e  inspec- 
t i o n  may not  r evea l  t h e  cause and since rep lac ing  the  pump wi th-  
ou t  damaging it i n  t h e  process  i s  not  assured. Consequently, 
u n l e s s  more conclusive evidence appears  which would warrant  
p u l l i n g  the  pump, it w i l l  remain i n  operat ion.  

26.2 *em Performance 

The da t a  l o g s  prepared f o r  system monitoring included 
provis ions  f o r  t r ack ing  w e l l  drawdown, and f o r  c o r r e l a t i n g  pro- 
duct ion ra te  w i t h  outdoor a i r  temperature. By t r ack ing  drawdown, 
changes i n  r e s e r v o i r  performance can be i d e n t i f i e d .  T h i s  i n fo r -  
mation can assist i n  t roubleshoot ing  when it otherwise appears 
t h a t  pump performance i s  degrading. For example, i f  t h e  pump 
m u s t  run a t  higher speeds i n  July than i n  December t o  produce 
equiva len t  flows, is there l i k e l y  a pump problem? F i g u r e  26-1 
shows t h a t  t he  cause of such a condi t ion  i s  probably t h e  seasonal  
r e s e r v o i r  performance. As shown, t h e  summer drawdowns are higher  
than w i n t e r  and are l i k e l y  due t o  less  summer p r e c i p i t a t i o n  
( r e s e r v o i r  recharge) and more summer withdrawal i n  a r e a s  where 
t h e  r e s e r v o i r  is shallower and used f o r  municipal water suppl ies .  
The broken l i n e  i n  F igu re  26-1 i n d i c a t e s  a pe r iod  when no data 
were taken. Note t h a t  s p e c i f i c  capac i ty  (W.C.) r esu l t s  are con- 
s i s t e n t  wi th  previous w e l l  tests.  

Fiqure 26-2 i l l u s t r a t e s  how t h e  VFD con t ro l  system 
v a r i e s  production ra te  t o  match hea t ing  demand. Using outdoor 
a i r  temperature as an  i n d i c a t o r  of h e a t i n g  demand, t h e  f i g u r e  
shows t h a t  production r a t e  i n c r e a s e s  a s  outdoor temperature 
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decreases. Note t h a t  t h e  da t a  p l o t t e d  i n  Figure 26-2 are con- 
f i n e d  t o  approximately t h e  same time of day t o  prevent domestic 
water hea t ing  loads  (which are func t ions  more of time than out- 
door temperature) from s c a t t e r i n g  t h e  data. Also note  t h a t  t h e  
h o r i z o n t a l  segments a t  approximately 35-40 gpm and approximately 
160  gpm denote t h e  con t ro l  system is  o u t  of i ts  24 Hz t o  66 Hz 
(pump frequency/speed) con t ro l  range. 

26.3 & a t  Exchanger m e c t i a n  

I n  mid-July 1982, a f te r  seven months of production 
system opera t ion ,  t h e  domestic h o t  water h e a t  exchanger (HX-1) 
was disassembled f o r  inspect ion.  Disassembly of t h e  p l a t e  h e a t  
exchanger was e a s i l y  accomplished by t h e  operators .  Plates were 
v i s u a l l y  inspec ted  f o r  p i t t i n g ,  corrosion,  and sca l ing .  The 
geothermal side of t h e  p l a t e s  was found t o  be e s s e n t i a l l y  free of 
d e p o s i t s  and shiny m e t a l l i c  i n  appearance. An extremely t h i n  
l a y e r  of gray material was observed a t  t h e  i n l e t  p o r t s  of some 
p l a t e s ,  b u t  t h i s  m a t e r i a l  was not  a minera l  scale. Laboratory 
a n a l y s i s  of t h e  ma te r i a l  revealed it was composed mostly of i r o n  
s u l f i d e  cor ros ion  products,  probably der ived  from the well 
casing. No evidence of p i t t i n g  or co r ros ion  was v i s i b l e  w i t h  t h e  
naked eye. 

After recording observat ions,  one of t h e  Type 316 
s t a i n l e s s  steel  p l a t e s  was removed f o r  a microscopic examination. 
NO cor ros ion  o r  p i t t i n g  was ev iden t  under a 400X magnification. 
( T h i s  magnif icat ion is s u f f i c i e n t  t o  revea l  cor ros ion  and p i t t i n g  
if e i t h e r  were occurring. 1 More de t a i l  concerning t h e  in spec t ion  
i s  a v a i l a b l e  i n  the  inspec t ion  r e p o r t s  provided i n  Appendix D. 

The conclusion i s  t h a t  t h e  system design i s  precluding 
cor ros ion  and sca l ing ,  thereby reducing o r  poss ib ly  e l imina t ing  
t h e  high maintenance c o s t s  a s s o c i a t e d  with t h e s e  problems. 
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27. DISPOSAL SYSTEM PERFORMANCE 

Disposal of t h e  spent  geof lu id  i n  t h e  T-H-S system is  
accomplished w i t h  surface discharge i n t o  t h e  Brazos River v i a  
Marl in 's  storm sewer system and s u r f a c e  waterways. This surface 
discharge s t r a t e g y  is  discussed i n  Sec t ion  6 ,  and environmental 
monitoring i s  discussed i n  Sec t ion  36. The b r i e f  performance 
d i scuss ion  wi th in  t h i s  s e c t i o n  i s  l i m i t e d  t o  t h e  disposal system 
i t s e l f ,  which c o n s i s t s  of t h e  d i sposa l  p ip ing  and the backpres- 
sure valve. 

The backpressure va lve  i s  t h e  only a c t i v e  component i n  
the  system. This  se l f -conta ined  va lve  modulates as flow changes 
t o  main ta in  a cons tan t  i n l e t  p ressure  (backpressure) of 8 psig. 
Since i t s  o r i g i n a l  s e t t i n g  i n  March 1982, it has maintained t h i s  
p re s su re  under a l l  flow condi t ions  and has  not  requi red  any 
maintenance or a t t e n t i o n .  I n  March 1983, t h e  valve con t ro l  p a r t s  
were disassembled by t h e  operator  f o r  c leaning  and inspect ion.  
The i n t e r n a l s  were found t o  be i n  good condi t ion  with only very 
t h i n  d e p o s i t s  on some of t h e  c o n t r o l  tubing. With these results, 
t h e  opera tor  b e l i e v e s  t h a t  f u t u r e  maintenance w i l l  be needed only  
once every two t o  three years .  
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28. TRANSMISSION SYSTEM PERFORMANCE 

Because a. transmission system does not e x i s t  i n  the 
T-H-S system, t h i s  s e c t i o n  i s  not applicable.  

I s) 
I 
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29. DISTRIBUTION SYSTEM PERFORMANCE 

Because a d i s tr ibut ion  system does not e x i s t  i n  the 
T-H-S system, t h i s  s e c t i o n  i s  not  applicable.  
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30. APPLICATION SYSTEM PERFORMANCE 

Since t h e  a p p l i c a t i o n  system came f u l l y  on l i n e  i n  
January 1982, it has  opera ted  without  i n t e r r u p t i o n  of s e r v i c e  and 
without  a s i n g l e  failure. The system has  requi red  ne i the r  cor- 
r e c t i v e  maintenance nor post-construct ion modifications.  The 
ope ra to r s  have expressed a high l e v e l  of s a t i s f a c t i o n  w i t h  t h e  
system's r e l i a b i l i t y  and automation. The h o s p i t a l ' s  t u r n i n g  o f f  
of t h e  steam va lves  t o  t h e  domestic h o t  water genera tors  is tes- 
timony t o  their  s a t i s f a c t i o n .  

Operating da ta  f o r  the a p p l i c a t i o n  system has been 
recorded by T-H-S personnel on monitoring logs. As i n  t h e  pro- 
duct ion system, completing these l o g s  f a m i l i a r i z e d  t h e  ope ra to r s  
wi th  t h e  system. The l o g  e n t r i e s  were p e r i o d i c a l l y  checked t o  
ensure t h e  system was ope ra t ing  properly.  

Performance of t h e  a p p l i c a t i o n  system can best be 
measured by t h e  change i n  t h e  h o s p i t a l ' s  n a t u r a l  gas consumption. 
Figure 30-1 i l lus t ra tes  t h i s  change. I t  p resen t s  t h e  average 
monthly n a t u r a l  gas p r o f i l e s ,  as determined by c o r r e c t i n g  actual 
data for average hea t ing  degree days. As is evident ,  t h e  peak 
consumption was reduced from 1740 MCF (thousand cubic  feet)  t o  
450 MCF, f o r  a 75 percent  peak savings. Moreover, t h i s  f i gu re  
shows t h a t  t h e  T-H-S geothermal system provide6 93 percent  of t h e  
peak hea t ing  l o a d s  which could be addressed by t h i s  geothermal 
resource (i.e., excluding base loads  such as cooking, 180°F 
domestic h o t  water, etc.). I t  a l s o  demonstrates a reduct ion i n  
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average annual consumption from 11,500 MCF t o  4500 MCF, or a 6 1  
percent savings .  A t  the  h o s p i t a l ' s  1982 natural  gas p r i c e s ,  t h i s  
Savings equates  t o  $34,400. As natura l  gas p r i c e s  continue t o  
r i s e ,  the  d o l l a r  sav ings  w i l l  become greater .  L 

I c I I I I I I I 1 f 
A i b W D J F Y A Y  J J  

Month 

Figure 30-1 Comparison of Natural Gas Consumption 
Before  and Af ter  Geothermal 
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31. CONSTRUCTION COSTS 

The t o t a l  cons t ruc t ion  c o s t  f o r  t h e  T-H-S Hospi ta l  
geothermal hea t ing  system r e f l e c t s  two "construct ion" e f f o r t s .  
The f i r s t  was t h e  1979 w e l l  d r i l l i n g ,  and t h e  second was t h e  
198111982 system construct ion.  A s  presented i n  Sec t ion  24, t h e  
base b id  f o r  t h e  system cons t ruc t ion  was approximately $369,800. 
To t h i s  bid,  $15,900 i n  Engineering Change Orders were added, 
y i e l d i n g  a 1981/1982 cons t ruc t ion  con t r ac t  t o t a l  of $385,700. 

I 

I 

I 
1 A breakout of t h i s  t o t a l  i s  presented i n  Table 31-1. 

Also included i s  t h e  c o s t  of well d r i l l i n g  and completion, esca- 
~ l a t e d  t o  1982 do l l a r s .  Table 31-1 shows t h a t  t h e  w e l l  p lu s  

system cons t ruc t ion  c o s t s  f o r  t h e  T-H-S geothermal hea t ing  
system, i n  1982 d o l l a r s ,  i s  $672,200. 

~ 
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TABLE 31-1. BREAKOUT OF T-H-S GEOTHERMAL SYSTEM CONSTRUCTION 
COSTS' 

PRODUCTION SYSTEM 

0 Well d r i l l i n g ,  completion, t e s t i n g 2  
0 Geothermal equipment rooma 
0 Product ion  pump 
0 VFD and cont ro ls  
0 P l a t e  h e a t  exchangers  
o B t u  meter 
0 Piping ,  valves,  i n s u l a t i o n ,  etc. 

S u b t o t a l  

DISPOSAL SYSTEM 

0 Pip ing  
0 Backpressure va lve  

S u b t o t a l  

APPLICATION SYSTEM 

0 Geothermal equipment room3 
0 Pumps 
0 Heat ing  c o i l s  (a i r  h a n d l e r s  and  d r y e r s )  
0 Piping ,  i n s u l a t i o n ,  etc. 
0 Controls,  motors, wi r ing ,  startup, etc. 

S u b t o t a l  

TOTAL CONSTRUCTION COSTS' 

$286,500 
18,200 
21,900 
25,100 
28,900 

5,100 
32,300 

11,600 
1.800 

$418,000 

$ 13,400 

18,200 
12,500 
13,100 

128,700 
68.300 

24o.800 
$672,200 

'1982 d o l l a r s  
21979 costs of 224,300 e s c a l a t e d  a t  8.5 percent annual ly  t o  1982 
d o l l a r s .  T h i s  i t e m  par t  of cons t ruc t ion  contract  costs. 

t h e  p roduc t ion  system and application system. 
3Geothermal equipment room cost  of 36,400 p r o r a t e d  evenly between 

' Inc ludes  well d r i l l i n g  and completion. 
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32. OPERATING AND MAINTENANCE COSTS 

Operating and maintenance (06M) costs inc lude  those 
r e l a t e d  t o  p a r a s i t i c  e l e c t r i c  power, l a b o r ,  and repair  o r  
replacement materials. The p a r a s i t i c  electric power arises pri- 
mari ly  from t h e  system's pumps, and produces an  annual opera t ing  
expense of approximately $2,100. However, approximately $400 is  
recaptured i n  sav ings  from not  using three electric duc t  h e a t e r s  
f o r  secondary space heating. Theref ore ,  t h e  n e t  annual p a r a s i t i c  
power c o s t s  f o r  t h e  system is  $1,700. 

The T-H-S system was designed f o r  minimal operator 
a t t e n t i o n  and is ope ra t ing  in t h a t  fashion. The T-H-S mainte- 
nance s t a f f  has  n o t  been en larged  and is  n o t  expected t o  be. 
Consequently, 06M c o s t s  need no t  inc lude  a s p e c i f i c  s a l a r y  and 
b e n e f i t s  provision. 

Ins tead ,  average maintenance c o s t s  have been allocated 
based on those parts of the  system r e q u i r i n g  maintenance. Since 
t h e  system is  expected t o  have a 30 year l i f e ,  3 percent  of t h e  
q u a l i f y i n g  c o s t s  are included as  a maintenance allowance. Note 
t h a t  t h e  w e l l ,  t he  geothermal equipment room, piping,  and hea t ing  
c o i l s  should n o t  require maintenance for t h e  e n t i r e  l i f e  of t h e  
System, and t h e r e f o r e  are no t  part  of q u a l i f y i n g  cos t s .  

Major components expected t o  need replacement during 
t h e  system l i f e  are a l s o  not  p a r t  of q u a l i f y i n g  cos ts .  These 
components inc lude  the  production pump and t h e  v a r i a b l e  frequency 
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d r i v e  (VFD),  which are expec ted  t o  have seven year and f i f t e e n  
y e a r  l i v e s ,  r e s p e c t i v e l y .  

The O&M c o s t s  are  summarized i n  Table  32-1. These 
c o s t s  are i n c l u d e d  i n  t h e  economic a n a l y s e s  of S e c t i o n  33. 

TABLE 32-10 SUMMARY OF T-H-S 0&M COSTS ESTIMATES 

Item Annual Cost 

0 N e t  P a r a s i t i c  Electric Power $1,700 

0 Submersible  W e l l  Pump' 

0 Variable Frequency Drive* 

0 Other  Maintenance' 

3,100 

1,700 

4.900 

i TOTAL ANNUAL O&M $11, 400 

'A s i n k i n g  fund  al lowance f o r  pump replacement .  
i n s t a l l e d  cost d i v i d e d  by 7 years. 

2 A  s i n k i n g  fund  al lowance fo r  VFD/controls replacement .  
i n s t a l l e d  c o s t  d i v i d e d  by 15  years. 

$163,600 r e l e v a n t  ( q u a l i f y i n g )  i n s t a l l e d  c o s t  x 0.03. 

$21,900 

$25,100 
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33.  SYSTEM ECONOMICS 

Two economic ana lyses  were performed for  a geothermal system 
equiva len t  t o  t h a t  a t  t h e  T-H-S Hospital. One a n a l y s i s  reflects 
t h e  economics of a non-profit  organizat ion,  and the re fo re  does 
not  account f o r  t ax  benefi ts .  The o the r  reflects after tax 
economics of a profit-making organization. 

An a n a l y s i s  re f lec t ing  t h e  economics f o r  a l o c a l  government 
or o the r  non-profit  bonding a u t h o r i t y  was not  undertaken, al- 
though o ther  ana lyses  [Hederman and Cohen 19821 i n d i c a t e  these 
cases  may enjoy t h e  best  economics. As w i l l  be seen, t h e  c u r r e n t  
t a x  benefi ts  a v a i l a b l e  t o  geothermal systems have a s i g n i f i c a n t  
impact on t h e  economic a t t r a c t i v e n e s s  of geothermal systems 
similar t o  T-H-S. 

It  should be noted t h a t  t he  economics presented i n  t h i s  
s e c t i o n  do not  reflect  t h e  a c t u a l  T-H-S p r o i e c t  economics. The 
p r o j e c t  i n t e n t  has  nev been t o  demonstrate economic f e a s i b i l -  
i t y ,  b u t  rather t o  dem t e  t e c h n i c a l  f e a s i b i l i t y  and analyze 
economic incen t ives  f o r  p r i v a t e  s e c t o r  in i t ia t ive .  I t  has  always 
been recognized t h a t  development c o s t s  would be incur red  i n  t h i s  
p r o j e c t  which need 

To account f o  
p i c t u r e  of p r i v a t e  sec 
va len t "  system are u s  
t i o n  between t h e  equi  
but  important. The c a p i t a l  costs of t h e  equiva len t  system are 

t o  provide a t rue  
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based on t h e  actual c o s t s  experienced a t  T-H-S, except t h a t  c o s t s  
which would no t  be required i n  similar f u t u r e  p r o j e c t s  using t h i s  
resource are excluded. Appendix E deta i l s  t n e  de r iva t ion  of 
these c a p i t a l  costs .  

The assumptions used i n  t h e  economic ana lyses  a re  similar t o  
those made by ICF, Inc. i n  t h e i r  ana lyses  of DOE direct u t i l i z a -  
t i o n  p r o j e c t s  i n  t h e  U.S. [Hederman and Cohen 1981; Cohen 1982; 
19831. An important d i f f e rence ,  however, is  t h a t  n a t u r a l  gas 
price e s c a l a t i o n s  used i n  t h i s  a n a l y s i s  are r eg iona l  estimates 
rather than  na t iona l  averages. Since Texas is  cont inuing t o  
experience y e a r l y  natural gas  p r i c e  i n c r e a s e s  of 25 t o  30 percent  
and s i n c e  n a t i o n a l  averages are much lower, using reg iona l  esti- 
mates p r o v i d e s  a more accurate economic p i c tu re  f o r  t h i s .  

geothermal resource. A summary of assumptions is provided i n  
Table 33-1. 

33.1 Jon - P r Q f i t  Or-on E c m  

The economic a n a l y s i s  f o r  a non-profi t  o rganiza t ion  con- 
s t r u c t i n g  a system equiva len t  t o  t h a t  a t  T-H-S is summarized i n  
Table 33-2. Although t h e  break-even per iod (payback which ac- 
counts f o r  time va lue  of money) is  w e l l  below the 30 year  opera- 
t i o n a l  l i f e  of t h e  system, it exceeds t h e  va lues  genera l ly  ac- 
cepted as a t t r a c t i v e  i n  t h e  p r i v a t e  sec tor .  The real  r e t u r n  on 
investment (i.e., percent  above i n f l a t i o n )  over 15  y e a r s  is 
correspondingly low.  

These genera l ly  unfavorable non-profit  economics are a 
consequence of seve ra l  items, one of which i s  low w e l l  u t i l i z a -  
t ion.  The production well and resource a t  T-H-S are capable of 
producing 500-600 gpm s t e a d i l y  throughout t h e  year. However, t h e  
T-H-S system averages only about 55 gpm over a year, thereby 
e x t r a c t i n g  only about  10  percent  of t h a t  energy which could be 

F 
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I TABLE 33-1. ASSUMPTIONS USED I N  ECONOMIC ANALYSES I 
I : 

JmM .ASGUMPTION (J 
I 0 System Operat ional  L i f e  30 years 

0 Investment L i f e 1  15 y e a r s  

0 Capital Costs 

0 I n f l a t i o n  Rate 

0 Natural Gas Esca la t ion '  

0 O&M Costs  Esca la t ion  

"Equivalent system'' cos t s ,  
excluding those n o t  re- 
qui red  i n  similar f u t u r e  
pro j ects ' 
6% annual ly  

Year Real' 
1 18% - 
2 15% 
3 12% 
4 9% 

5 and beyond 6% 

6% annual ly ,  equal t o  
i n f l a t i o n  ra te  (0% real 
e s c a l a t i o n )  

0 Discount Rate (minimum Non-profit: 2% real 
allowable return required P r o f i t :  8% real 
by organiza t ion)  

0 Depreciat ion S t r  ai gh t 1 i n e  de pr ecia ti on 
over 5 years.  

0 Corporate Tax Rate 46% 
3 

'Period used t o  analyze af ter  t a x  r e t u r n  or investment. 
'Refer t o  d i scuss ion  i n  t e x t  and Appendix E. 
*Estimates of r eg iona l  n a t u r a l  gas e s c a l a t i o n s ,  no t  n a t i o n a l  

'Real denotes % above i n f l a t i o n .  

average e sca l a t ions .  
estimates. 

Economic results s e n s i t i v e  t o  these 

i 
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TABLE 33-2. SUMMARY OF NON-PROFIT ORGANIZATION ECONOMICS' 
~~~ ~ -~ ~ 

0 System C a p i t a l 2  $91 0,s 00 

e 1st Year N a t u r a l  Gas $ 34,400 
Savings (7000 mcf/yr) 

0 Annual O&M Costs' $ 11,400 

e Break-Even Period'  17 y e a r s  

0 Return on Investment 0.2% 
over 1st 15 Years of 
Operation (Real) ', 

' A l l  d o l l a r s  express  as  1982 do l l a r s .  
'For equiva len t  system: refer t o  t e x t  and Appendix E. 
'Presented i n  Sec t ion  32. 
'Using discounted cash  flow a n a l y s i s  and a 10% average w e l l  

'Real denotes  above i n f l a t i o n .  

u t i l i z a t i o n .  R e s u l t s  s e n s i t i v e  t o  well u t i l i z a t i o n  and f u e l  
e sca l a t ions .  Refer t o  Table 33-1 f o r  assumptions. 

extracted. Since wells t o  t h e  depth needed a t  T-H-S are expen- 
s i v e  capital  items, system economics improve i f  t h e  a p p l i c a t i o n  
systems are  l a r g e  enough t o  more f u l l y  u t i l i z e  t h e  wells. 

Another impact on t h e  non-profit  economics is t h a t  energy 
t a x  credits (ETC) , investment t a x  credits (ITC) , deprec ia t ion ,  
and expensing are no t  a v a i l a b l e  t o  T-H-S and similar non-profi t  
organizat ions.  The lack of these b e n e f i t s  f u r t h e r  emphasizes 
t h a t  non-profit  o rganiza t ions  m u s t  f u l l y  u t i l i z e  "deep" wells i n  
order t o  economically j u s t i f y  geothermal systems. 

33.2 prof it-Makina Orsan i z a t i o n  Economics 

Severa l  t a x  b e n e f i t s  are a v a i l a b l e  t o  t h e  prof it-making 
organiza t ion  t o  improve geothermal system economics. These are 
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TABLE 33-3. TAX TREATMENT FOR PROFIT-MAKING ORGANIZATIONS 
USING GEOTHERMAL ENERGY' 

s 

4 0 Tangible w e l l  equipment' Capi ta l ized and depreciated;  e l i -  
, g ib le  f o r  ITC and ETC' 
I 

0 In tangib le  d r i l l i n g  costs '  Expensed (or capi ta l ized ,  a t  tax- 
payers opt ion)  

0 Design, planning, bidding 

0 Pump houses and other 

0 Disposal equipment 

equipnent structures 

0 A l l  o ther  construct ion 
c o s t s  

Capi ta l ized and depreciated; ap- 
portioned among t h e  following 
categories ,  as  appropr ia te  and 
t r e a t e d  accordingly 

Capi ta l ized and depreciated; e l i -  
g ib l e  f o r  ETC only 

Capi ta l ized and depreciated; e l i -  
g i b l e  f o r  ITC, assumed e l i g i b l e  
f o r  ETC 

Capi ta l ized and depreciated: eli- 
g ib l e  f o r  ITC and ETC 

I 
1 

1 

I ' Includes labor ,  fue l ,  repa i rs ,  hauling, suppl ies ,  etc. 
I 

'Extracted from Hederman 1981, and presented f o r  T-H-S analysis .  
'Physical  well property such as casing, valves, etc. 
'ITC = Investment Tax Credi t  ( l o % ) ,  ETC = Energy Tax Credi t  (15%) 

i 

summarized i n  Table 33-3. As shown i n  Table 33-4, these b e n e f i t s  
produce much more f avorab le  resul ts  f o r  prof it-making organiza- 
t i o n s  than  were seen f o r  non-profi t  organizat ions.  

The 12.5 year  break-even period and the  10  percent  ( rea l )  
r e t u r n  on investment are  evidence t h a t  geothermal systems can 
begin t o  be a t t r a c t i v e  t o  
hea t ing  loads  are  no large This  outcome i s  
e s p e c i a l l y  s i g n i f i c a n t  when one cons ide r s  t h e  sav ings  are based 
on an  average of only 1 0  percent  w e l l  u t i l i z a t i o n .  I f  t h e  u t i l i -  
z a t i o n  were increased  v i a  larger hea t ing  loads,  economics could 
improve grea t ly .  These results i n d i c a t e  t h a t  development of t h i s  
geo the rma l  r e s o u r c e  by p r o f i t  o r g a n i z a t i o n s  c a n  indeed  be 

those  a t  T-H-S. 

i economically a t t r a c t i v e .  
I 
i 
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TABLE 33-4. SUMMARY OF PROFIT-MAKING ORGANIZATION ECONOMICS1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

System Capital '  

Less Tax C r e d i t  - Tangible well equipment3 - Equipment bldg - Other 

Less Expensed I n t a n g i b l e  
D r i l l i n g  Costs' 

14,300 
5,500 

$ 166,700 
1461900 

$ 910,500 

f 
L 

i 

(166,700) 

(105,400) 

E f f e c t i v e  Capital 

Less Depreciat ion Over 5 Yearss 

$638,400 

$ (237,800) 

Depreciated Base 

1st Year Natural Gas Savings 
(7000 MCF/yr) 

Annual O&M Costs 

B r ea k-Even Period'  

Return on Investment over 1st 
15  years of operation (Real) 

- 

$400 , 600 

$ 34,400 

$ 11,400 

12.5 years 

10% 

' A l l  d o l l a r s  expressed as 1982 do l l a r s .  
*For equ iva len t  system. Refer t o  t e x t  and Appendix E. 
3Based on 20% of well costs. $286,500 x .20 x .25 ETC. 
'Based on 80% of well costs. $286,500 x .80 x .46 t a x  rate 
' N e t  P resent  Va lue  (discounted)  of d e p r e c i a t i o n  t a x  savings.  
'Based on d iscounted  c a s h  flow a n a l y s i s  and a 1 0 %  average w e l l  
u t i l i z a t i o n .  R e s u l t s  s e n s i t i v e  t o  well u t i l i z a t i o n  and f u e l  
escalation rates. 

'Real denotes  above i n f l a t i o n .  
NOTE;: Analys is  assumes o rgan iza t ion  h a s  s u f f i c i e n t  (ou t s ide )  
income t o  use t a x  b e n e f i t s  i n  t h e  year e l i g i b l e .  

Refer t o  Table 33-1 f o r  assumptions. 
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34. PUBLIC AWARENESS PROGRAM* 

34.1 Qbiec t ivea  

The success  of a demonstration project tha t  a p p l i e s  a 
new technology is dependent on two funct ions :  1) t h e  t e c h n i c a l  
q u a l i t y  of design, cons t ruc t ion  and ope ra t ion  of t h e  p r o j e c t ;  and 
2) communication of t h e  t echn ica l  success and t h e  f e a s i b i l i t y  of 
i ts  a p p l i c a t i o n  on a broader scale and a commercial basis. The 

P u b l i c  Awareness Program was t h e  p r i n c i p a l  means of performing 
t h i s  second func t ion  i n  accordance w i t h  DOE'S or ig ina l  PON, 

T h i s  program had two primary ob jec t ives :  

0 To a t t r ac t  p o t e n t i a l  u s e r s  of low temperature 
geothermal energy, and 

o To inform t h e  genera l  pub l i c  of the Marlin 
p ro jec t ,  i n  particular, and the use  of low 
temperature geothermal energy i n  general .  

34.2 

The formal P u b l i c  Awareness Program was a c t i v e  over the  

p r o j e c t  term and ended w i t h  completion of t he  audio /v isua l  sl ide 

*This s e c t i o n  describes an  e f for t  which is  unique t o  t h e  T-H-S 
Hospi ta l  p r o j e c t  and which is, the re fo re ,  i n  a d d i t i o n  t o  t h e  
"standard" DOE PON o u t l i n e  followed for t h i s  r epor t ,  
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show i n  the summer of 1982. However, t h e  p u b l i c  awareness func- 
t i o n  i s  an  ongoing a c t i v i t y  t h a t  w i l l  cont inue i n  t h e  f u t u r e .  
The success of t h e  P u b l i c  Awareness Program was, and is, l a r g e l y  
due  t o  t h e  wi l l i ngness  and a b i l i t y  of t h e  h o s p i t a l  admin i s t r a t ion  
ko respond t o  news media and pub l i c  i nqu i r i e s .  

A s  Radian conducted  t h e  program ove r  t h e  p r o j e c t  
period, t h e  o r i g i n a l  b a s i c  plan was followed and t h e  fol lowing 
elements were created t o  implement t h e  program objec t ives .  

e Press Releases I m m e d i a t e l y  b e f o r e  o r  a f t e r  
important p r o j e c t  milestones. 

e Fact Sheets Summarized i m p o r t a n t  fea tures  
of the  pro jec t .  

S Si te  Signs S i t e  i d e n t i f i c a t i o n  and p u b l i c  
da ta  on p r o j e c t  purposes, scope, 
p a r t i c i p a n t s  and sponsors. 

e Lobby Displays 

e Brochure 

0 Audio/Visual 
S l i d e  Show 

Wall hangings of t h e  system over- 
view and t h e  system diagram, f o r  
o r i e n t i n g  v i s i t o r s  t o  t h e  hospi- 
t a l l  s geothermal system. 

A handout and mailout  overviewing 
C e n t r a l  Texas geothermal resource,  
Marlin 's  geothermal h i s t o r y ,  PO- 
ject  sponsors, and system design. 

An automated  p r e s e n t a t i o n  f o r  
v i s i t o r  e d u c a t i o n  and s p e e c h e s  
t o  groups. 

34.2.1 Press Releases 

N e w s  releases were p r in t ed  and d i s t r i b u t e d  a t  f i v e  
important milestones du r ing  t h e  course of t h e  pro jec t .  These 
milestones included:  
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nate s t o w  

2/17/78 t of the  p r o j e c t  and'DOE and State 
i n t e n t  t o  award funding. 

I 8/31/78 Contract-signing ceremonies and DOE Finding of 
a 

~ 

i 

I i No S i g n i f i c a n t  Environmental Impacts. 
, 

Notice of well d r i l l i n g  (or spud-in) ceremony. 

Successful completion of t h e  geothermal well. 

Notice of prOject completion ceremonies marking 
the  beginning of t h e  ope ra t iona l  phase. 

8/15/79 

3/12/82 
i 

i ! 

i 
# 

Copies of these releases are provided i n  Appendix F. Each was 
w r i t t e n  i n  news s t y l e  such t h a t  it could be used d i r e c t l y  by t h e  
media. Each release updated t h e  s ta tus  of t h e  pro jec t .  The 
releases were drafted by Radian and approved by t h e  h o s p i t a l  
admin i s t r a to r  and DOE before being d i s t r i b u t e d  t o  approximately 
200 media o u t l e t s  and a handful of government offices and p u b l i c  I 

I officials.  By category, t h e  d i s t r i b u t i o n  was as  follows: 
i 

i 

j 

1 

I 

d i s t r ibu ted  d i r e c t l y  t o  t h e  National 
e s e r v i c e s  and Capi to l  Press Corp i n  i 

I 

1 
; 

I 0 18 cop- t o  t e l e v i s i o n  s t a t i o n s  i n  Texas. 
, 
I 1 

I e 3 0  c0rrie.s t o  Texas d a i l y  newspapers. ! 

o 4 3  C O D ?  t o  ,weekly newspapers w i th in  a 150-mile 
radius of Marlin. 

0 i o  s t a t i o n  i n  a SO-mile radius 

I nergy pub l i ca t ions  such 
and t h e  Geothermal Re- 

I 
I 
I 
I 

- 0 ss such as A S E A E  Jour 
rial or  h o s p i t a l  admin i s t r a t ion  publ icat ions.  

I 

i 
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0 20  COD- t o  n a t i o n a l  genera l  i n t e r e s t  ana 
business  pub l i ca t ions  such as  N e w m k .  

The response t o  these releases was gene ra l ly  good and 
seve ra l  i n q u i r e s  have been received from f o r e i g n  countr ies .  
Articles were p r i n t e d  i n  major newspapers and other publ ica t ions ,  
as  evidenced by t h e  c o l l a g e  of s t o r i e s  and head l ines  i n  Figure 
34-1. A s  intended, t h e  r e l e a s e s  were success fu l  i n  a t t r a c t i n g  
news media coverage, inc luding  one statewide t e l e v i s i o n  feature 
on m Eyes of Te-. Direct c o n t a c t  w i t h  t h e  media was per- 
formed by t h e  h o s p i t a l  adminis t ra tor .  

34.2.2 Fact Sheets  

During t h e  course of the p ro jec t ,  two series of fact  
s h e e t s  were prepared. The purpose of t h e  fact  sheets were t o  
provide a succ inc t  p r o j e c t  d e s c r i p t i o n  and compilation of facts  
and f i g u r e s  f o r  t h e  public.  These were d i s t r ibu ted  upon request 
and a t  meetings, p re sen ta t ions  and p r o j e c t  ceremonies. Copies 
can be found i n  Appendix F, The f i r s t  f a c t  s h e e t  was prepared 
f o r  d i s t r i b u t i o n  a t  t h e  spud-in ceremony i n  Apri l  1979. A second 
one was prepared one yea r  l a te r ,  providing an update fol lowing 
completion of t h e  new production w e l l .  

34.2.3 S i t e  S igns  

Two i d e n t i c a l  four-by-eight f o o t  s i g n s  were designed 
by Radian t o  be used during t h e  cons t ruc t ion  and e a r l y  opera- 
t i o n a l  phases of the pro jec t .  The s i g n s  were cons t ruc ted  by a 
Marlin a d v e r t i s i n g  firm and were erected a t  t h e  h o s p i t a l  s i te  on 
August  13, 1978. 

3 
A p i c t u r e  of a s i g n  appears  a s  F i g u r e  34-2. 
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Figure 34-1 T-H-S Hospital A r t i c l e s  

141 



I 

Figure 34-2 T-H-S Project Sign 
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34.2 . 4 Lobby Displays 

A t ou r  of t h e  T-H-S Hosp i t a l ' s  geothermal hea t ing  
system begins  i n  t h e  lobby. To assist o r i e n t a t i o n  of the  
v i s i t o r s ,  co lor  architectural  renderings of t h e  p r o j e c t  landscape 
and of t h e  system design were framed and hung i n  t h e  lobby. 
Reduced v e r s i o n s  of these renderings make up t h e  f r o n t  and back 
covers  of t h e  brochure. 

34.2.5 Color Brochure ' 

I n  1982, 5,000 copies  of an  8-1/2 by 11 inch, four-page 
co lo r  brochure were prepared by Radian t o  r ep lace  and provide a 
f i n a l  update of material presented i n  t h e  fac t  sheets. A black 
and white  copy of t h e  brochure i s  provided i n  Appendix F. The 
f i r s t  page provides  a color  aer ia l  view of the  h o s p i t a l  and 
v i c i n i t y  toge the r  w i th  a schematic cut-away view of t h e  geolo- 
g i c a l  formation t h a t  provides  t h e  geothermal resource. The two 
i n s i d e  page provide an i l lus t ra ted  account of t h e  h i s t o r y  of t h e  
p r o j e c t  beg n ing  with t h e  19th  Century discovery of Marl in 's  h o t  
mineral  waters and concluding with a f o r e c a s t  of t h e  hea t ing  c o s t  
sav ings  f o  he hosp i t a l .  The f o u r t h  page provides  an  easy-to- 
fol low c o l  diagram of t h e  geothermal hea t ing  and disposal 
system. 

34.2.6 Automated S l i d e  Show 

An automated audio /v isua l  s l ide  show was i d e n t i f i e d  as 
a p a r t i c u l a r l y  e f f e c t i v e  way t o  inform t h e  p u b l i c  about  t he  
Marlin p r o j e c t ,  and about t h e  f e a s i b i l i t y  of using geothermal 
energy i n  Cen t ra l  Texas. The ide show fulf needs: 

To se rve  as  a n  automated audio /v isua l  presen- 
t a t i o n  f o r  t h e  h o s p i t a l  v i s i t o r s ;  and 
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2. TO accompany lectures and p resen ta t ions  by 
h o s p i t a l  personnel,  Radian, DOE s ta f f ,  and 
others .  

Over 110 s l ides  were selected from almost 1,000 slides 
taken during t h e  course of t h e  p r o j e c t  and a s c r i p t  was prepared 
f o r  t h e  14-minute presenta t ion .  Radian’s s c r i p t  bene f i t ed  from 
many new ideas a s  t h e  resul t  of i npu t  from seve ra l  i n t e r e s t e d  and 
capable Marlin c i t i z e n s .  

A pro fes s iona l  announcer was h i r e d  t o  provide a syn- 
chronized voice/music track f o r  the  show. Also, a self-contained 
s l ide  p r o j e c t o r / c a s s e t t e  player  was acqui red  f o r  t h e  s l ide  pre- 
sen ta t ion .  

The f i n a l  ve r s ion  of t h e  s l ide  show is mor’e than a 
chronology of events  and a d e s c r i p t i o n  of t h e  system. I t  in- 
cludes a d iscuss ion  of a l l  forms of geothermal energy and t h e  
b e n e f i t s  of developing geothermal energy as  an  a l t e r n a t e  energy 
source. The s l ide  show and t h e  automated audio/visuaJ u n i t  i s  a t  
the h o s p i t a l  and i s  a v a i l a b l e  f o r  v i s i t o r s .  
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35. MATERIALS TESTS FOR FUTURE CENTRAL 
TEXAS GEOTHERMAL DEVELOPMENTS* 

Materials s e l e c t i o n s  (discussed i n  Sec t ion  15)  f o r  t h e  
T-H-S system were based predominantly n cor ros ion  experience 
w l t n  chemically similar geothermal resources  i n  South Dakota and 
on short-term electrochemical  tes ts  a t  T-E-S. The m a t e r i a l s  
selected f o r  T-E-S cons t ruc t ion  were intended t o  be conservative.  

I n  order  t o  promote widespread u s e  of t h i s  Cent ra l  
Texas  geothermal resource,  a d i s c i p l i n e d  192.8-day corrosion 
tes t  of 1 9  engineer ing a l l o y s ,  t h r e e  e las tomer ic  materials and 
two polymer cements was undertaken t o  provide the knowledge 
required f o r  f u t u r e  economical resource u t i l i z a t i o n .  The mate- 
r i a l s  tested cover a spectrum of the a l l o y s  most l i k e l y  t o  be 
considered by des igners  of f u t u r e  systems. Careful use  of t h e  
results can prevent  each new user from re invent ing  t h e  wheel. 

35.1 Test Desi- 

35.1.1 General Descr ipt ion 

During design and 
va lv ing  and tees were provided i n  the  geo f lu id  supply l i n e ,  

*This s e c t i o n  describes an  e f f o r t  which i s  unique t o  t h e  T-H-S 
Hospi ta l  p r o j e c t  and which i s  t h e r e f o r e  i n  a d d i t i o n  t o  t h e  
"stanaard" DOE PON o u t l i n e d  followed f o r  t h i s  r epor t .  
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upstream of t h e  f i r s t  heat!  exchanger, t o  allow i n s t a l l a t i o n  of a 
fu l l - f low m a t e r i a l s  t es t  loop (refer t o  Figure 15-31. This  loop, 
i l l u s t r a t e d  i n  Figure 35-1, was f a b r i c a t e d  from t h r e e  inch 
(nominal) schedule 80 CPVC p ipe  having an actual I D  of 2.90 

inches. The '  loop cons i s t ed  of two p a r a l l e l  vertical  l egs ,  each 
about s i x  f e e t  long, and a t o p  h o r i z o n t a l  segment about two and 
one-half feet  long. The ascending v e r t i c a l  l e g  and h o r i z o n t a l  
l e g  contained cor ros ion  specimens. The decending l e g  was dedi- 
ca t ed  t o  * f l o ~  donitoring. 'Flow en te red  t h e  ascending l e g  a t  
r i g h t  angles  through a tee, whose flanged-off b l ind  l e g  allowed 
i n s e r t i o n  o f '  one coupon (cor ros ion  tes t  specimen) rack. L i k e -  
wise, t h e  ho r i zon ta l  c r o s s  l e g  a t  t he  t o p  of t h e  loop  was jo ined  
w i t h  tees o r i e n t e d  so t h a t  t h e  blind-flanged l e g s  allowed rack 
i n s e r t i o n  i n t o  t h e  h o r i z o n t a l  po r t ion  of t h e  loop. Flow e x i t e d  
t h e  test  loop-.through an  elbow. 

rz7* 
INCO COUPON RACK 1 

r 3- scn 8a CPVC 

FLOW METER AND 
INTEGRATOR 

Figure 35-1 

BUllERFLY VALVE 
CLOSED OUAING 
MAT'L TESTING 

RADIAN 
/ COUPON RACK 

4' X H  0 CPVC 

GEOFLUIO 
-FROM WELL 

7 A M  Materials T e s t  Loop Apparatus 
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I 35.1.2 Materials Tested and Examination Methods 
\ f  

The materials tested cons is ted  of: 

0 

,d I 

F l a t  metallic corrosion coqpons eva lua ted  for 
weight-loss corrosion, p i t t i n g ,  and c r e v i c e  
cor rosi on, 

0 U-bend specimens evaluated for stress corro- 
s i o n  cracking, 

. 0 I Elastomeric O-rings tested for compression 
6et, and 

Polymer concrete  rsamples eva lua ted  for cri t i-  
cal property changes such a6 s t r e n g t h  and 
water absorption. 

i 
I 

I 

0 

One set of f l a t  metal l ic  coupons,  and a l l  of t h e  
U-bends were evaluated by Radian's Material Science Laboratory 
(MSL). These specimens were i n  t h e  form of 1.0 x 2.0 inch rec- 
t a n g l e s  each wi th  a c e n t r a l  mounting hole. The carbpn steel  
(1018) and A I S 1  4130 coupons were 0.125 inch  th i ck ;  t h e  Type 304, 

Type 316, and Monel 400 were 0.0625 inch  f h i c k j  and the  galvan- 
i z e d  steel was 0.028 inch thick.  The galvanized coupons were 
intended only as a goho-go test  of the possible p ro tec t ion  of 
steel by galvanizing. All  these coupons were commercially 
acqui red  and had a A s a t i n "  f i n i s h  produced by glass bead blast, 

I n  add i t ion ,  d i s k  
th i ckness )  of s i x  coppe W ~ - ~ l e a d e d  r ed  bronze (a 8361, 

wrought aluminum bronzes (CA 613 and 6 1 4 I r  a aluminum nicke l -  
es (CA 954, 955, and 958) were provid by m=* Meta l s*  

These coupons appeared t o  have been d on a l a t h e  and had 
s l i g h t l y  grooved surfaces. The uns t  ch of these 
coupons was given a 120 g r i t  f i n i s h  p r io r  t o  expdsv 
surface was evaluated f o r  
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A l l  of these f l a t  coupons were mounted on a 5.5 f t .  
test  rack of 0.125 x 1.0 inch Type 316 bar provided w i t h  cen- 
t r a l i z e r s  t o  keep it centered  i n  t h e  ascending l e g  of t h e  tes t  
loop. The coupons were mounted i n  p a i r s ,  one on each side of the  
bar. They were e l e c t r i c a l l y  i s o l a t e d  with nylon i n s u l a t o r s  which 
provided 0.25 inch c learance  between the coupons and the  rack. 
The coupon6 were mounted wi th  the i r  f l a t  faces paral le l  t o  t h e  
f l u i d  flow, and t h e  rectangular coupons were a l s o  o r i en ted  w i t h  
the i r  s h o r t  normal t o  t h e  flow. The f i r s t  p a i r  was mounted 
about one f o o t  downstream of t h e  geof lu id  i n l e t  tee. 

The U-bends were fabricated from 0.75 x 4.0 inch s t r i p  
0 . 0 4 9  t o  0.062 inches  t h i c k .  Mounting holes were d r i l l e d  i n  each 
leg. The s t r i p s  were bent  around a one-inch mandrel so t h a t  
t h e i r  l e g s  were s l i g h t l y  flaired. These coupons were mounted on 
t h e  same test rack as t h e  above f l a t  coupons. Each was elec- 
t r i c a l l y  isolated wi th  nylon i n s u l a t o r s .  They were mounted wi th  
the i r  f l a t  faces p a r a l l e l  t o  flow so t h a t  they presented t h e  
minimum cross-sec t ion  t o  f l u i d  flow. The mounting n u t s  were 
t igh tened  u n t i l  the l e g s  were p a r a l l e l .  

L 

The polymer cement specimens were 1.5 x 6.0 x 0.25 inch  
bars w i t h  mounting ho le s  a t  each end. They were provided by 
Brookhaven Nat ional  Laboratory (BNL). Two specimens, each of two 
d i f f e r e n t  formulat ions (styrene-TMPTMA and styrene-AN-TMPTMA) 
were mounted i n  p a i r s  parallel  t o  t h e  t es t  rack bar. Spacers 
provided 0.125 inch c learance  between t h e  specimen and t h e  bar. 
One specimen of each cement was exposed t o  direct impingment by 
inflowing geof lu id  a t  t h e  i n l e t  tee. The o the r  pair  was mounted 
downstream of t h e  U-bends. 

Another test rack of metallic coupons was provided by 
the  I n t e r n a t i o n a l  N i c k e l  Company ( I N C O )  and evaluated by t h e i r  
LaQue Center f o r  Corrosion Technology. T h i s  rack was a l s o  0.125 
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x 1.0 inch bar wi th  c e n t r a l i z e r s .  The 2.25 inch diameter d i s k  
coupons were mounted t w o  on each side of t h e  rack with PTFE 
i n s u l a t o r s  providing about 0.3 inch c learance  between t h e  coupons 
and t h e  rack. Again t h e  coupons were o r i e n t e d  w i t h  their  f l a t  
faces parallel  t o  t he  d i r e c t i o n  of f l u i d  flow. T h i s  rack was 
placed i n  the h o r i z o n t a l  l e g  of the  t e s t  loop. 

The INCO rack was received "ready t o  go." Prior  t o  
i n s t a l l a t i o n  on t h e  test  rack, the  Radian coupons and U-bends 
were degreased i n  acetone i n  an u l t r a s o n i c  bath and weighed i n  
t r i p l i c a t e  t o  t h e  n e a r e s t  0.1 mg. Their  phys ica l  dimensions were 
measured i n  t r ipl icate  t o  t h e  neares t  m i l  (0.001 i n ) .  

The O-rings were exposed i n  a compression se t  test 
described by ASTM Practice D-1414. The 0.625 inch diameter 
O-rings of Buna-N, Neoprene, and Viton, were compressed t o  75 
Percent  of the i r  relaxed h e i g h t  between p a i r s  of 1.0 x 1.0 x 
0.125 inch  plates. Each plate was machined wi th  a s i z e  10 hole 
a t  i ts center .  Proper compression was a s s u r e d  wi th  a 0.4375 inch 
diameter gauge r i n g  machined t o  75 pe rcen t  of the  he ight  of i t s  
Companion O-ring (measured t o  the  n e a r e s t  m i l ) .  To prevent  any 
p res su re  build-up i n  the  annulus between t h e  gauge r i n g  and the  
O-ring, a 0.0675 inch diameter hole was ,d r i l l ed  through each 
compression plate t o  i n t e r c e p t  t he  annulus. The O-ring sand- 
wiches were bo l t ed  t o  a length  of 0.125 x 1.0 inch bar which was 
attached t o  t h e  INCO rack i n  t h e  h o r i z o n t a l  l e g  of the t e s t  loop. 
Five specimen of each elastomer were tested. 

After exposure t h e  t e s t  racks were removed and d r i e d  
w i t h  warm a i r  u n t i l  a l l  v i s i b l e  moisture  was gone. A l l  of t h e  
specimens, as w e l l  as t h e  test rack i t s e l f ,  were covered wi th  an 
extremely t h i n  f l a t  black film which r e a d i l y  separated from most 
surfaces when wet, b u t  which became t enac ious  when dried. A 
sample of t h i s  f i l m  was obtained f o r  analysis. 
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The INCO rack was shipped t o  t h e  LaQue Center w h i l e  t h e  
other test racks were re turned  t o  t h e  Radian MSL f o r  ana lys i s .  
The polymer cements were eva lua ted  by BNL. 

The metallic coupons were evaluated by t h e  MSL i n  
accordance w i t h  ASTM p r a c t i c e s  f o r  co r ros ion  tests. They were 
c l e a n e d  by a combina t ion  of mechan ica l  and chemical means 
selected t o  remove a l l  cor ros ion  products  or deposits without  
a t t a c k i n g  sound metal. T r i p l i c a t e  post-exposure weights were 
determined f o r  each specimen, and they  were s te reomicroscopica l ly  
examined a t  20X and 40X f o r  s i g n s  of p i t t i n g ,  c r ev ice  corrosion,  
and stress cor ros ion  cracking. In  t h e  case of t h e  copper a l l o y s ,  
evidence of dea l loy ing  was a l s o  sought. P i t  depths  were measured 
w i t h  an o p t i c a l  micrometer. 

Similar methods were used by t h e  LaQue Center. One 
important d i f f e rence ,  however, i s  t h a t  less  magnif icat ion (5-10x1 
was used a t  LaQue i n  examining for l o c a l i z e d  corrosion. 

The compression set  experiment was eva lua ted  according 
t o  ASTM Practice D-1414. The r e t a i n i n g  n u t s  were loosened so 
t h a t  gaps were v i s i b l e  between t h e  O-rings and t h e  compression 
plates and t h e  O-rings were allowed t o  recover f o r  30-minutes. 
Quadrupl ica te  measurements of t h e  r i n g  h e i g h t  were then made t o  
the  n e a r e s t  m i l  and compared t o  similar data taken p r i o r  t o  
exposure t o  determine percent  compression set. 

35.2 Bst  F g v i r o m  

The key co r ros ive  species as  w e l l  a s  some o the r  f l u i d  
chemistry data are presented i n  Table 35-1. As shown, t h i s  
geof lu id  con ta ins  t r a c e s  of hydrogen s u l f i d e ,  and is  t h e r e f o r e  
f r e e  of d i sso lved  oxygen i n  t h e  reservoi r .  T h i s  f l u i d  chemistry 
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TABLE 35-1. COMPARISON OF T-H-S GEOFLUID PROPERTIES AND 
GEOTHERMAL CORROSION CLASS Va PARAMETERS 

Corrosivi  y Class 6 Marlin No.,l 
Parameter Geofluid Va 

d 

I 

! 

I 
Key Corrosive Species:  I 

PH 

Chloride (ppm) 

6.16 6.7 7.6 

93 21 - 225 

1 S u l f a t e  (ppm) 23 40 315 - 2340 

Biocarbonate (ppm) 

Hydrogen S u l f i d e  (ppm) 

171 126 - 810 

0.05 - 0.2 0.02 - >5 

Ammonia (ppm) 1.2 not  s p e c i f i e d  1 
I) 0 the r  Spe cies 
(I Sodium + Potassium (ppm) 90 1 

S i l i c a  (ppm) 37 (I 

I (I C a l  c i  um (ppm) 299 

Magnesium (ppm) 

Total  Dissolved S o l i d s  (ppm) 

I) 39 

3 933 

%slues are averages of several analyses ,  except pH which 
was measured i n  s itu a t  t h e  wellhead during normal 
pr oduc ti on. 

b E l l i s  1981; 1982. 

p laces  t h e  Central Texas resource i n  Geothermal Corrosivi ty  Class 
The key chemical c h a r a c t e r i s t i c s  of t h i s  class are a l so  

n Table 35-1. The f l u i d  is produced by a submersible 
p se t  well below t h e  minimum water l e v e l  i n  t h e  well. 

f l u i d  i s  maintained i n  a c losed  system a t  a minimum The produced 

151 



pressure  of 8 ps ig  throughout t h e  T-H-S system. Thererore,  it i s  
extremely unl ike ly  tha t  the geof lu id  con ta ins  any d isso lved  
oxygen. 

On 23 Ju ly  1982 the test racks were i n s e r t e d  i n t o  t h e  
test l o o p  and t h e  f u l l  production flow from the T-H-S geothermal 
well was d i v e r t e d  throuqh the tes t  loop  a t  1455 hours on t h a t  
date. F u l l  flow d ive r s ion  continued u n t i l  about 1030 hours on 1 
February 1983 for a t o t a l  of 4627 k0.5 hours.  

The T-H-S production pump is  automat ica l ly  con t ro l l ed  
by a v a r i a b l e  frequency d r i v e  system which v a r i e s  t h e  geof lu id  
de l ive ry  according t o  hea t ing  demand. Based on d a i l y  l o g s  of t h e  
tes t  loop  flow, t h e  geo f lu id  production rate ranged from 28 gpm 
t o  93 gpm. The maximum production rate a t  peak demand is about  
160 gpm, bu t  t h e  system operated a t  these condi t ions  f o r  only 
brief periods dur ing  the test. 

The production temperature a t  var ious  flow rates was 
determined during t h e  i n i t i a l  assessment of t h e  T-H-S well per- 
formance (See Figure  9-11. The equation desc r ib ing  t h i s  tempera- 
ture  is:. 

T (OF) = 15.986 l o g  (gpm) + 112.839 (eq. 1) 

Table 35-2 summarizes t h e  range of flow and temperature 
observed during the  test, but  flow rate and temperature data 
should not  be considered as  paired. I n  o the r  words, t he  minimum 
flow logged was 28 gpm and t h e  minimum temperature was 124OF b u t  
it is n o t  necessa r i ly  t h e  case t h a t  these two va lues  measured 
simultaneously. The average flow was calculated from t n e  t o t a l  
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product ion during t h e  tes t  per iod (14,480,940 ga l lons )  The 
average temperature was calculated from t h e  average flow by use 
of eq. 1. 

Table 35-2 a lso con ta ins  estimates of t h e  b u l k  v e l o c i t y  
of t h e  geothermal f l u i d  i n  three areas of t h e  test  loop: the 
Radian coupon sec t ion ,  the  U-bend s e c t i o n ,  and the INCO coupon 
sec t ion .  These b u l k  v e l o c i t i e s  were c a l c u l a t e d  from flow and 
pipe cross s e c t i o n  area, wi th  an adjustment t o  t h e  c r o s s  s e c t i o n  
area equal t o  t h e  percent  occ lus ion  produced by the  specimens i n  
t h a t  s ec t ion ,  A s  such, the calculated bulk v e l o c i t y  does no t  
i n d i c a t e  any l o c a l i z e d  h igh  v e l o c i t i e s  which might be produced by 
v e n t u r i  effects, or the increased  turbulence  produced by the 
i r r e g u l a r  shapes p resen t  i n  t he  stream. 

TABLE 35-2. TEMPERATURE, FLOW, AND VELOCITY DURING 
T-H-S CORROSION TEST 

> 

A-c Control 
ObS' de ObS' de 
min. AVg Max Peaka 

160 
Temp (OF) 124b 140' 1 4 8  1.150 

28 52.2 93 Flow Rate (gpm) 

- Open P i p e  1.4 2.5 4.5 7.8 

- Radian Coupon Sec t ion  1.6 3.0 5.3 9e2 

- U-Bend Sec t ion  1.7 3.1 5.5 9.4 

- INCO Coupon Sec t ion  1.9 ' 3e6 6.4 11.0 
$ 

'Peak flow occurred for only a few hours  dur ing  the t e s t  period. 
bMeasured temperatures a t  min flow l i k e l y  inaccura t e  (low) 
because thermometer i n s t a l l a t i o n  encourages low readings  a t  low 

'Calculated from establ ished flow-temperature r e l a t i o n s h i p  (see 
t e x t )  . 
flows. 
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I 35.3 Results 

I The sample of black f i l m  recovered from t h e  s t a i n l e s s  

I 
i 

steel su r face  of t h e  long  tes t  rack was found by X-ray d i f f r a c -  I 
t i o n  t o  be composed of a n  iron po lysu l f ide  (Fe l lS , ) l  l i k e l y  cor- 
t o s ion  products  der ived  from t h e  w e l l  casing. Energy disper-  
s i v e  X-ray a n a l y s i s  a l s o  showed trace amounts of s i l i c o n  and 
calcium. This  a n a l y t i c a l  method provides  only elemental  i d e n t i -  
f i c a t i o n ,  and does n o t  detect elements of atomic number l ess  than  
3 ( f luo r ine ) .  

The results of t h e  metals tests are  presented  i n  Tables 
The results obtained by t h e  Radian MSL and those 

by the LaQue Center are presented separa te ly .  Table 35-5 g ives  
t h e  results of t he  compression set test, while  Table 35-6 g ives  
t h e  results of t h e  polymer cement t r ia l s .  Each material group is 
discussed i n  t h e  fo l lowing  paragraphs. 

and 35-4. 

The carbon steel specimens eva lua ted  by t h e  MSL (1018 
f l a t  coupons and 1010 U-bends) a l l  showed weight-loss cor ros ion  
rates of 23-28 m i l s  per  year  (mpy). There were no discrete p i t s ,  
b u t  some areas were v i s i b l y  thinner  than o t h e r s  w i t h  an uneven- 
ness  f a c t o r  of about 1.5 (depth of pene t r a t ion  i n  some areas .was 
about I .5 times t h e  average th ickness  l o s s ) .  The two INCO COU- 

pons exposed i n  t h e  h o r i z o n t a l  s e c t i o n  showed co r ros ion  rates of 
1.8 and 1.9 mpy and no gross  v i s i b l e  evidence of corrosion. 
These INCO coupons had a d i f fe ren t  i n i t i a l  su r f ace  f i n i s h  than  
d i d  t h e  o thers ,  and may have had a d i f f e r e n t  microstructure .  
They may have expet ienced a d i f f e rence  i n  turbulance.  The order  
of magnitude d i f f e rence  between these two coupon sets is  surmised 
t o  be due t o  such va r i ab le s .  
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TABLE 35-3. RESULTS OF ALLOY SPECIHENS EVALUATED BY RADIAN 

Uaximum 
Weight-Losr Haximum crevice S t r e s s  
Corrosiona P i t  Depth Corrosion Corrosio 

Alloy (mpy) (mils) (mils) Cracking I: Comments 

Carbon S t e e l  (10li) 25.8 N N n t  Surfaces highly i r r egu la r  

Carbon S t e e l  (1010) n t  N N N(22.6)' 

Galvanired S tee l  

23.4 N N n t  Occluded a reas  protected 

N N(28;3) n t  N 

Parts of ehch specimen *eaten away.. Entire sample too f r a g i l e  t o  
Clean. z inc  coating apparently destroyed except under insulators.  

Low Alloy S t e e l  (4130) 7.0 8.0 '8.4 
4.9 7.8 3.3 N(19.01 
6.7 7.5 3 .7  X ( l 9 . 1 )  

Typi 316 <0.05 if4 N N(0.1) 
N(O.2) 

f 

UQncl 400 0.1 N N n t  
CA 6J3 0.2 i n c i p  1.4 n t  

0.2 i n c i p  1.4 n t  
0.3 inc ip  1.3 n t  

CA 614 n t  N N N(0.8) 
n t  N H N(0.8) 

CA 836 0.2 Ea 0.6 n t  
0.2 ta 1.2 n t  
0.1 N 0.7 n t  

n t  
nt 0 ; z  19 1.5 

0.1 . N  1.1 n t  

CA 955 0.1 I 0.9 n t  
co.05 X 1.0 n t  
0.1 N 0.9 n t  

CA 954 0.1 r 

Pi t t i ng  of coupons is 
conspicuous t o  eye, with 
about 1 /2  of sur face  
affected. U-bends do not 
show p i t t i ng ,  but have 
more rapid weight loss. 
Eardness BRC 37-38. 

Pew sca t t e red  p i t s  
('4. m i l s  dia. 1 barely 
v i s i b l e  a t  40X. General 
increase i n  surface 
r oughne 8s. 

No evident change i n  
surface f in i sh .  

Inc ip ien t  p i t t i n g  as 
patches of dense p i t s  
or heavy etch (0.5 m i l  
deep. 

Only U-bends tested. 
P i t t i n g  and crevice 
corrosion examination 
made on U-bends. 

5 pinpoint pits--depth 
not  measurable due t o  
deposits i n  p i t s .  Depth 
>1 m i l .  

Pew ecatteced p i t s  on 
each coupon. 

CA 958 0.1 1.6 1.4 n t  

General Notes: 
1. N - not detected. i n c i p  = inc ib ien t  ((1 m i l )  

i i e t e r a i n e d  from f l a t  (Unxtressed coupons). 

%umber i n  parentheair  is weight-loss corrosion Fate fo r  the  s t r e s sed  11-bend 

X detected. . spy - mila per year 
n t  - not. tested.  
Examination fa: p i t t i ng , and  crevice corrosion wax a t  40X magnification. 

U-bend specimens. 

specimen. 
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TABLE 35-4. RESULTS OF ALLOY SPECINENS EVALUATED BY I N C O  

Maximum 
Weight Loss Maximum Crevice 
Corrosion P i t  Depth Corrosion 

( m i l s )  ( m i l s )  Comments. Alloy (mpy) 

Carbon S t e e l  (1010) 1.8 
1.9 

N i - R e s i s t  Type I 4.5 
[Cast Iron) 9.2 

none1 400 

Nonel R-500 

Type 304 

Type 316 

Type 317LN 

Type 410 

Alloy 904L 

Nitronic  50 

Incoloy 825 

1.2 
1.2 

0.1 
0.1 

<0.05 
<0.05 

N 
N 

N 
N 

N 
N 

N 
N 

N 
N 

t0.05 N 
<0.05 N 

<0.05 N 
<0.05 N 

<O.Oi N 
<0.05 N 

<0.05 
<0.05 

N 
N 

(0.05 N 
<0.05 N 

<0.05 
(0.05 

N 
N 

N 
N 

N 
N 

Uneven uniform.corrosion 
and graphi tzat ion 

P 
N 

N 
N 

N 
N 

N 
N 

N 
N 

N Inc ip  ind ica t e s  
i n c i p  (1 m i l  depth. 

N 
N 

N 
N 

N 
N 

* - 
General Notes I 

1. N = not detected. i n c i p  = i nc ip i en t  (<1 m i l )  

2. 

3. 

4. 

X = detected. mpy - m i l s  per year 

Examination fo r  p i t t i n g  and crevice corrosion was a t  low magnification 
(5-10X) only. 

Results reported rounded t o  nearest 0.1 m i l r  thus  results reported a s  0.0 
mW ind ica t e  a corrosion rate of less than 0.05 m p y 8  a s  shown i n  the table .  

Nonel and Incoloy are trademarks of INCOr while Ni t ron ic  is a trademark of Armcor Inc. 

Data provided by the Internat ional  N i c k e l  Company ( I N C O I r  Suffernr NY. 
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TABLE 35-5. COMPRESSION SET OF THREE O-RING MATERIALS 
AFTER 4627 HOURS EXPOSURE 

Percent  CornDression Set Specimen Buna-N Neoprene Viton 

42.5 77.6 36.3 

41.1 67.1 26.4 

1 

2 

50.2 75.0 34.7 3 

4 

5 

45.2 i n v a l i d  t e s t *  30.3 

45.1 76. 0 31.1 

Mean compression 44.8 A 4.4 73.9 f 7.3 31.8 ,+ 4.7 
set (95 percent  
confidence l e v e l )  

* Inva l ida t ed  because guage r i n g  was no t  i n s t a l l e d ,  r e s u l t i n g  
i n  unknown compression. 

Note: The v a r i a t i o n  i n  ind iv idua l  compression sets f o r  a given 
ma te r i a l  are -of t h e  same magnitude as the uncer ta in ty  
inherent  i n  t h e  th ickness  measurement. 

T h i s  outcome sugq sts t h a t  the coupons i n  t h e  hor i -  
zon ta l  l e g  were p ro tec t ed  by a pass iva t ion  f i l m  which d i d  n o t  
p r o t e c t  the  o ther  specimens. Such an outcome is  not  unusual for  
materials which have only marginally s u i t a b l e  cor ros ion  resis- 
tance,  and is an i n d i c a t o  t h a t  such materials should be used 
spa r ing ly  . 

I ron  su l f ides ,  such as t h e  f e r r o u s  po lysu l f ide  preciP- 
i t a t ed  from t h e  geothermal f l  d, are extremely in so lub le  so that 
it i s  un l ike ly  t h a t  i r o n  i s  the  produced f l u i d  der ived  from 
t h e  geothermal formation. e r e fo re ,  it is  surmised t h a t  any 
i r o n  s u l f i d e  i n  t h e  geothermal water results from t h e  r e a c t i o n s  
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TABLE 35-6. RESULTS OF POLYMER CONCRETE TEST 

Polymer Cement 

Flexural Water Absorption' 
Weight Change (Dercent) Dimensional 
(Per cent I psi ( % I  Initial Final Chanse 

R 585 (Styrene-IMPTMA)a -0.1 229 5.3 

R 586 None 303 7.1 

R 587 (Styrene-AN-TMPTMA) 1.1 377 8.7 

1-04 2.54 

1.04 2.44 

1.61 2.00 

None 

None 

None 

R 588 1.3 599 13.9 -- 1.76 None 

Y 

-- Data not available in 
03 

Note: 
a 

The average initial flexural strength of these formulations is 4185 psi. 

Monomer Formulation: 

Aggregate Formulation: 
with 'additiyas 0.5 wtb A174, 6.5 wtb.8440, 1.5 wtb acrylamide, 

with additives 1 wtll A174, 1 wtll DMA, 4 wtll BFF-50, 0.5 wt8 DT%P. 

55.5 wtb styrene - 4.5 wtb polystyrene - 40 wtb TUPTMA 
76 wtll silica sand - 24 wt8 Type I11 portland cement 

With additives 1 Wtb 8440, 1 Wtb A174, 1 Wtb DMA, 4 Wtb BFF-SO, 0.5 Well DTBP. 

bMonomer Formulation: 55 wtb styrene - 36 wtb acrylonitrile - 9 wtb TMPTMA 
Aggregate Formulation: 70 wtll silica sand - 30 wtll Type 111 portland cement. 

%ater absorption is measured by submersing samples in boiling water for 5 hours. 

Data provided by Brookhaven National laboratory, Upton, NY. 
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of co r ros ion  product i ron i o n s  w i t h  t he  traces of hydrogen s u l -  
f ide.  A mass c a l c u l a t i o n  based on the  i r o n  conten t  of four 
geothermal f l u i d  samples from t h e  T-H-S w e l l  i n d i c a t e  a cor ros ion  
rate of a t  least 7 mpy a t  f u l l  f l u i d  production. 

Thus, it appears t h a t  t h e  cor ros ion  rate of carbon 
steel  may vary s i g n i f i c a n t l y  as  a resul t  of s u b t l e  v a r i a t i o n s  i n  
mic ros t ruc tu res  or t h e  geothermal f l u i d  environment from t h i s  
resource. High cor ros ion  rates, approximately 20-30 mpy may be 
encountered. 

As shown i n  T l e  35-3, t h e  weight-loss resul ts  from 
t h e  4130 f l a t  coupons were, somewhat d i f f e r e n t  than those from t h e  
U-bends. . The f l a t  specimens had large pits--approximately 30-60 
m i l s  i n  diameter and up t o  8 m i l s  deep covering about half  of t he  
su r face  of each coupon. The rest of t h e  surface showed l i t t l e  
attack, i n d i c a t i n g  t h a t  t h i s  area was ca thod ica l ly  pro tec ted  by 
t h e  growing pits. The weight-loss cor ros ion  ra te  of these cou- 
pons 'was 4.9-7.0 mpy. The U-bends, on the  other hand, d id  n o t  
e x h i b i t  t h e  d i s t i n c t  p i t t i n g  shown by t h e  f l a t  coupons, though 
some f a i n t  r i n g s  wete I v i s i b l e .  Rather, the  e n t i r e  surface was 
roughened, i n d i c a t i n g  uniform corrosion. The weight-loss corro- 
s i o n  rate was 1 9  mpy. The t r a n s i t i o n  t o  wuniformn corrosion,  may 
well be the result of 'the h .stress state of t h e  U-bend 

material as h i g  can provide t h e  energy neces- 
s a ry  t o  cause r t i v e  f i l m s .  As i n  t h e  case of t h e  

carbon steel, these results sugges t  t h a t  the  4130 has  some ten- 
dency t o  form p r o t e c  
afford re l i  

The 4130 u- icated from m a t e r i a l  of HRC 
37-38 hardness. Law a l l o y  steel of t h i s  hardness  i s  highly 

\ 
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s u s c e p t i b l e  t o  s u l f i d e  stress crackiifg ("sour cracking") .  One of 
t h e  two U-bends d i d  crack, demonstrating t h a t  t h e  Central  Texas 
geothermal f l u i d s  can cause s u l f i d e  stress cracking of suscept- 
i b l e  materials-high s t r e n g t h  a l l o y s  w i t h  HRC g r e a t e r  than 22. 
The two cracks a l s o  showed evidence of metal-loss corrosion,  
sugges t ing  t h a t  they occured e a r l y  i n  t h e  tes t .  

t TvDe I Cast Irqn \ 

T h i s  high n i c k e l  cast i r o n  i s  used as  impel ler  material 
i n  some electric submersible pumps. I t  e x h i b i t e d  4.5-9.2 mpy 
weight-loss cor ros ion  as uneven g raph i t i za t ion .  Graph i t i za t ion  
is  a cor ros ion  mode of cast i r o n  i n  which t h e  f e r r o u s  matr ix  i s  
corroded away l eav ing  t h e  g raph i t e  f l akes .  The object does n o t  
change shape, b u t  l o o s e s  s t r e n g t h  a s  t h e  m a t r i x  i s  dissolved. 

The three f l a t  g a l v a n i z e d  s t e e l  coupons and  b o t h  
U-bends were p a r t i a l l y  corroded away during t h e  4627 hour test. 
Almost ha l f  of each of two of t h e  f l a t  coupons was missing,  and 
what remained was b r i t t l e  and f r a g i l e  t o  t h e  touch. Apparently 
a l l  of t h e  z inc  was corroded away, as w e l l  as  most of t h e  steel 
substrate. A s  a n t i c i p a t e d ,  these results i n d i c a t e  t h a t  galvan- 
i z i n g  is  no t  p r o t e c t i v e  i n  these waters. 

S tee l  

The f l a t  specimen examined by t h e  Radian MSL showed 0.7 
mpy weight-loss cor ros ion  and a few s c a t t e r e d  p i t s  up t o  4.1 m i l  
deep. These p i t s  were 1-7 m i l s  i n  diameter and were bare ly  
v i s i b l e  a t  40X. They would not  have been v i s i b l e  a t  the  5-1OX 
m a g n i f i c a t i o n  u s e d  by t h e  INCO.  No c r e v i c e  c o r r o s i o n  was 
detected. The two U-bends showed 0.5 mpy weight-loss and no 
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cracking. L i k e  t h e  f l a t  specimen, they exh ib i t ed  roughening of 
t h e  as-received f i n i s h .  

The two coupons eva lua ted  by INCO showed no repor ted  
weight-loss cor ros ion  (<0.05 mpy) and no s i g n s  of p i t t i n g  or 
c rev ice  corrosion. 

L 

A l l  of t h e  f l a t  coupons o f ’  t h i s  material showed less 
than 0.05 mpy weight-loss corrosion. The specimen examined by 
t h e  Radian MSL showed no detectable change i n  t h e  as-received 
surface f i n i s h .  T h i s  resul t  is c o n s i s t e n t  w i t h  t h e  in spec t ion  of 
t h e  Type 316 p l a t e s  from one of the T-H-S heat exchangers a f te r  
i t s  i n i t i a l  seven months of service.  That  inspec t ion ,  which 
included microscopic examination up t o  400X, a l s o  showed no 
change i n  surface f i n i s h .  (Refer t o  Appendix D.) 

The U-bends showed 0.1-0.2 mpy weight-loss, poss ib ly  a 
resul t  of t h e  applied stress. No evidence of ch lo r ide  stress 
cor ros ion  c racking  was observed. 

e 317-ov 904tl. N i t r o w v  50, In-v 8 2 5  

A l l  of these highly a l loyed  s t a i n l e s s  s teels  conta in  
a d d i t i o n s  of a l l o y i n g  elements which would be expected t o  provide 
greater p i t t i n g  r e s i s t a n c e  than Type 316. Their  performance i n  
t h i s  tes t  was c o n s i s t a n t  w i t h  t h i s  expectat ion.  A l l  showed less 
than  0.05 mpy weight-loss cor ros ion  and no d e t e c t a b l e  p i t t i n g  or 
c r e v i c e -  corrosion. 
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De 410 S t w s  S t e d  

T h i s  12Cr s t a i n l e s s  steel showed s u r p r i s i n g l y  l i t t l e  
corrosion,  less than 0.05 mpy weight-loss and no p i t t i n g  when 
examined a t  low magnification. It d id  suffer some c rev ice  corro- 
s ion ,  less than 1 m i l  deep. 12Cr s t a i n l e s s  steels t y p i c a l l y  have 
s i g n i f i c a n t l y  less p i t t i n g  r e s i s t a n c e  than  Type “304. Therefore,  
despite t h e .  good resul t  i n  t h i s  t r i a l ,  u se  of t h e s e  a l l o y s  for  
large thin-wall  app l i ca t ions ,  such  as  heat exchanger plates, is 
inadv i sab le  f o r  t h i s  resource. 

I 

These two a l l o y s  are compositionally qu i t e  similar, 
conta in ing  about 40 percent  copper i n  a n i cke l  .base. Monel K500 
con ta ins  minor a d d i t i o n s  of aluminum and t i t an ium which produce 
high s t r e n g t h  p rope r t i e s .  These a l l o y i n g  a d d i t i o n s  genera l ly  do 
not  produce a s i g n i f i c a n t  d i f f e rence  i n  weight-loss or p i t t i n g  
cor ros ion  performance [ L e w i s  19791. I n  t h i s  test, t he  two Monel 
K500 coupons analyzed by INCO and t h e  Monel 400 coupon analyzed 
by Radian a l l  showed,weight-loss cor ros ion  rates of 0.1 mpy w i t h  
no p i t t i n g  detected a t  40X. The two Monel 400 coupons eva lua ted  
by INCO also showed n o ’  p i t t i n g  or c r e v i c e  cor ros ion ,  b u t  exhi- 
b i t ed  1.2 m p y  weight-loss corrosion. 

Most copper a l l o y s  have, performed extremely poorly i n  
low temperature geothermal environments. Copper and brasses have 
not  done well and should genera l ly  be avoided, as should cupro- 
n i c k e l s  [ E l l i s  and Conover 1980; 19811. However, a few copper 
a l loys-  aluminum bronzes and leaded red bronze- have shown 
promise [ E l l i s  and Conover 1981; Anliker and E l l i s  19811, and 
were included i n  t h i s  test. 
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CA 836 ( leaded red bronze) showed 0.1-0.2 m p y  uniform 
There was cor ros ion  w i t h  c r e v i c e  cor ros ion  up t o  1.2 m i l s  deep. 

no evidence of p i t t i n q ,  

CA 613 and CA 614 are wrought aluminum bronzes w i t h  
similar compositions. The CA 613 showed 0.2-0.3 m p y  weight-loss 
corrosion. About one-half of the  surface of each coupon w a s  
covered w i t h .  dense microscopic p i t s  less than 05 m i l s  deepm 
Crevice cor ros ion  depth was 1.4 m i l s .  The CA 614 showed no 
evidence of stress cracking. 

The aluminum-nickel bronzes, CA 954, CA 955, and CA 
958, a l l  had weight-loss corrosion rates of 0.2 mm or less. A l l  

showed c r e v i c e  cor ros ion  of about t h e  same s e v e r i t y  (0.6-1.5 
m i l ) .  CA 954 showed no p i t s ,  while  CA 955 had 5 pinpoin t  p i t s  on 
one couponl and CA 958 had a few t i n y  p i t s  on each coupon. - 

A l l  of these materials showed a s l i g h t  b u t  r e a l  
s t r e n g t h  progression as a result of hydra t ion  o f .  t he  Port land 
cement cons t i t uen t ,  The ager abso rp t ion  of t h e  Styrene-TMPTU 
more .than doubled, whi le  
percent  increase.  However, even t h e  h ighes t  water absorp t ion  was 
only 2.54 percent ,  compa t o  six percent  fo r  good Por t land  
cement. The cements wer 60 dimensionally s t ab le .  It  is t h e  
conclusion of pNL t h a t  these materials showed no degradation as a 
result  of t he  test exp 

s s i o n  set  of 
e rubber) wa8 

73.9 percent  
he Vtton was 31.8 
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af ter  only 4627 hours. The Neoprene O-rings were conspicuously 
f l a t t e n e d  af ter  removal from t h e  compression tes t  apparatus ,  and 

t h e  basis of these results, Viton i s  ranked a s  best, Buna-N is 
good, and neoprene is poor. 

35.4 a t i o n s  f o r  C e n t r a l  Texas Gea- 

showed no v i s i b l e  s i g n s  of recovery even after s e v e r a l  days. On L 

&s=ummt 

As shown i n  Table 35-1, t h e  Cent ra l  Texas geothermal 
resource as t y p i f i e d  by t h e  f l u i d s  of t h e  T-H-S w e l l  f a l l  i n t o  
Geothermal Corros iv i ty  Class Va. I n  fact, t h e  measured wellhead 
pH of 6.16 a t  Marlin may well make t h i s  resource one of t h e  most 
aggres s ive  t o  steel of any low temperature domestic geothermal 
resource developed t o  date. 

Experience a t  other Class Va  resources  shows t h a t ,  for 
steels, weight-loss cor ros ion  rates of 4.8 t o  20 mW are typical,  
usua l ly  w i t h  heavy p i t t i n g  [ E l l i s  19821. The average weight- 
l o s s  cor ros ion  ra te  of carbon steel  i n  t h e  4627 hour t es t  was 
w i t h i n  t h i s  range, b u t  fou r  of t h e  s i x  specimens had co r ros ion  
rates of 23-28 mpy. The evidence from the  4627 hour test ,  and 
other data from t h e  T-H-S geothermal system, i n d i c a t e  t h a t  t h e  
cor ros ion  behavior of carbon steel  can vary widely w i t h  minor and 
s u b t l e  v a r i a t i o n s  i n  environment. 

Minor a l l o y i n g  w i t h  chromium and molybdenum (4130 
steel)  d i d  not  improve the  o v e r a l l  cor ros ion  performance of t h e  
steel. Unstressed metal showed p i t t i n g  a t  about 15  m p y ,  whi le  
stressed material showed 1 9  m p y  "uniform" corrosion. 

Given t h e  v a r i a b i l i t y  i n  steel performance, conserv- 
a t i v e  va lues  of 20-30 mpy should be assumed, a s  such cor ros ion  
rates may w e l l  occur even i n  t h e  absence of oxygen. I n  add i t ion ,  
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t h e  Cent ra l  Texas geothermal water was demonstrated t o  cause 
s u l f i d e  stress cracking of high s t r e n g t h  low a l l o y  steel. There- 
f o r e ,  t h e  l i m i t a t i o n s  of NACE* Materials Requirement f o r  Su l f ide  
Stress Cracking R e s i s t a n t  Metallic Material f o r  0.1 F i e l d  Equip- 
ment (NACE Standard MR-01-75) should be considered i n  a l l  mater- 
i a l s  s e l ec t ions .  T h i s  s tandard al lows a maximum hardness of HRC 
22 f o r  low a l l o y  steels. 

Whenever possible, a l t e r n a t i v e  materials such as non- 
metallic p ip ing  and w e l l  casing should be considered. Table 35-7 
Summarizes t h e  p r o p e r t i e s  of some non-metallic well cas ings  
tested for  low temperature geothermal wells. The source refer- 
ence for  Table 35-7 a l s o  provides information on design, limita- 
t ions,  and c o s t  of such casing. 

Another a l t e r n a t i v e  worthy of cons idera t ion  i s  t h e  use 
of moderately a l loyed  s teels  ranging from 2.25Cr - 1Mo t o  9Cr - 
1Mo. These a l l o y s  have apparent ly  not  been tested i n  low temper- 
ature app l i ca t ions ,  b u t  have been shown t o  be super ior  t o  carbon 
steels i n  some high temperature t r i a l s  [McCright 19811. 

\ 

Galvanizing cannot be relied upon f o r  p ro tec t ion  of 
steel. The galvanized samples tested a t  T-EI-S were p a r t i a l l y  
destroyed. 

\ 

No p r o t e c t i o n  was af forded  by t h e  zinc.  

Low temperature geothermal experience has  shown tnat 
copper and many of i t s  a l loys ,  i nc lud ing  most brasses and cupro- 
n i cke l s ,  have given almost un ive r sa l ly  poor performance i n  actual  
geothermal systems [ E l l i s  and Conover 1980; ,19811, Therefore, i t  
iS l i k e l y  that  v i r t u a l l y  a l l  Central Texas geothermal p r o j e c t s  

*National Associat ion of Corrosion Engineers  
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TABLE 35-7. APPROXIMATE MECHANICAL PROPERTIES AND LIMITATIONS ON 
NON-METALLIC CASING MATERIALS 

Ma.t e r i a1 

T e n s i l e  T e n s i l e  T e n s i l e  
S t r  ength Modulus C e i l i n g  nodulus Thermal Depth 
( a t  6B0P) a t  68.:) Temperature I C e i l i n g  Expa s i o n  L i m i t  

( k s i )  (ks i )  ( 'PI Temp (lo-? ( f t )  
SpGr 

(68' F) 
( k s i )  i n / in /*F)  

Thermoplas t ics  
ABS 
cwc 
PVC 
SBR 

Thermosets 
Epoxy 
Po lyes t e r  
V iny le s t e r  

Epoxy (cont inuous  wound) 
Epoxy ( f i b e r  mat) 
Viny les t e r  

Fiber-Reinforced P l a s t i c s  

Reinforced  P l a s t i c  Mortar (RPM) 

Casing Steel b 

API K-55 

1.04 
1.55 
1.40 
1.06 

1.89 
1. m 
1.53 

7.84 

4.5 
8.4 
8.0 
3.8 

9.5 
8.2 

15.2 

27.0 

75.0 

299.9 
422.4 
419.6 
320.0 

180 

150 
140 

i m  

1351.1 
137 8.1 
1041.1 

266 
150 
199  

2190.2 
1329.8 

93 8.7 

2999.5 

3 9593.6 

266 
150 
199 

140 

1800 

220.4 

284.4 
284.4 

-- 3.05 
3.78 
2.78 
4.17 

1000 
1000 
1000 
1000 

1.28 
1.22 
1.22 

1393.8 
938.7 
739.6 

6562 

1200 
-- 

0.50 

0.63 -- 
-- No d a t a  a v a i l a b l e .  

E k s i  - thousand pounds per squa re  inch  

Abbrevia t ions  

Inc luded  f o r  comparison purposes. 

ABS - polymerized a c r y l o n i t r i l e ,  butadiene,  and s t y r e n e  monomers 

PVC - po lyv iny l  c h l o r i d e  
SBR - s t y r e n e  butad iene  copolymer r e s i n  

CPVC - c h l o r i n a t e d  polyvinyl  c h l o r i d e  

Source: Gas, Purdin and Armitage 1979 



w i l l  require t h e  use of i s o l a t i o n  heat exchangers t o  p r o t e c t  
s tandard  HVAC equipment from contac t  w i th  the  geothermal f l u i d ,  

Both T-H-S heat exchanger experience and results of t h e  

4627 hour tes t  i n d i c a t e  t h a t  Type 316 s t a i n l e s s  steel i s  probably 
W e  optimum material f o r  heat exchanger plates i n  t h e  Cent ra l  
Texas  resource. Type 304, which inhe ren t ly  has  less p i t t i n g  
r e s i s t a n c e  than  Type 316, was found t o  have s u f f e r e d  microscopic 
p i t t i n g  a t  about 8 mpy, and t h e r e f o r e  it i s  l i k e l y  no t  su i tab le  
f o r  heat exchanger service.  It  may be use fu l  f o r  thick-walled 
app l i ca t ions .  Type 410 ( 1 2 C r )  l i k e w i s e  usua l ly  has lower p i t t i n g  
r e s i s t a n c e  than  Type 304, and should be considered only for 
thick-walled app l i ca t ions .  

More highly a l loyed  s t a i n l e s s  steels, such as Type 
317LM, Alloy 904L, N i t r o n i c  50, and Incoloy 825 could be consi- 
dered i f  Type 316 should prove inadequate  a t  o the r  Cent ra l  Texas 
loca t ions .  These a l l o y s  may a l s o  be u s e f u l  for o t h e r  applica- 
t i o n s  i n  va r ious  geothermal components, 

Leaded red bronze has  proven successful for  v a l v e  
bodies, l i n e s h a r t  bearings,  and pump impellers i n  o ther  geo- 
thermal systems, and these t e s t  results support  i t s  u s e  i n  t h e  
Cen t ra l  Texas resource, The aluminum-nickel bronzes, CA 954, CA 
955 ,  and CA 9 5 8 ,  may a l s o  be u s e f u l  and economic f o r  thick-walled 
appl icat ions .  Wrought aluminum bronze CA 613 has been considered 
for  p l a t e s  of p l a t e  heat exchangers, b u t  i t s  tendencies  toward 
p i t t i n g  or s u r f a c e  roughening, as well as c r e v i c e  corrosion,  
should be considered c a r e f u l l y  p r i o r  t o  i ts use f o r  such, 

Viton was round t o  be t h e  best elastomer tested and is 
l i k e l y  t o  be worth t h e  e x t r a  c o s t  f o r  dynamic seals and for par ts  
which are f r equen t ly  disassembled. Buna-N was no t  as r e s i s t a n t  
t o  compression set a s  was Viton, b u t  i s  a l s o  an acceptable 
material. Neoprene showed severe  compression set  and should be 
avoided. 
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36.0 

_ .  

ENVIRONMENTAL MONITORING OF THE T-H-S MEMORIAL HOSPITAL 

GEOTHERMAL DISCHARGE* 

The Torbett-Hutchings-Smith (T-H-SI Memorial Hospi ta l  
geothermal p r o j e c t  secur appropr i a t e  permits  a l lowing surface 
d ischarge  of t h e  spent  thermal f l u i d s .  T h i s  disposal tech- 
nique enjoys both t e c h n i c a l  and economic advantages over i n j ec -  
t i o n  of spent  geothermal f l u i d s .  I t  i s  t h e r e f o r e  d e s i r a b l e  t h a t  
f u t u r e  geothermal p r o j e c t s  having t h e  same or similar f l u i d s  a l s o  
use surface discharge.  Th primary d e t e r r e n t  t o  t h i s  technique 
i s  t h e  p o t e n t i a l  environmental impact on water q u a l i t y  and/or 
b i o t a  due t o  these discharges. The purpose of t h i s  case s t u d y  
was t o  monitor and eva lua te  t h e  actual environmental condi t ions  
along t h e  s u r f a c e  d ischarge  route of t h e  spent  T-H-S f lu ids .  
T h i s  route .is i l lus t ra ted  i n  Figure 36-1. 

T h i s  case s tudy included water q u a l i t y  and b i o l o g i c a l  
sampling, ana lyses ,  and documentation. Sampling was performed by 
a water q u a l i t y  analyst  and an aquatic e c o l o g i s t  on one-day 
sampling t r i p s  occurr ing  i n  the months of May, Ju ly ,  and November 
1982, and February 1983. Water q u a l i t y  f i e l d  measurements (pH, 
temperature, d i s so lved  oxygen, and conduct iv i ty)  were made dur ing  
each of t h e  t r i p s  a t  p e r t i n e n t  l o c a t i o n s  along t h e  discharge 

*This s e c t i o n  describes an e f for t  which i s  unique t o  t h e  T-H-S 
Hosp i t a l -  project and which is, therefore, i n  a d d i t i o n  t o  the  
"standard" DOE PON o u t l i n e  followed f o r  this repor t .  
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route. Water q u a l i t y  afialyses t h a t  determined t o t a l  d i sso lved  
s o l i d s  (TDS) sulfates ,  ch lor ides ,  and trace metal  concent ra t ions  
were performed f o r  two sample l o c a t i o n s  dur ing  each of t h e  four  
seasonal  v i s i t s .  Addi t iona l ly ,  q u a l i t a t i v e  and q u a n t i t a t i v e  
comparisons of a q u a t i c  b i o t a  a t  appropr i a t e  locat ' ions were made 
by an a q u a t i c  eco log i s t .  S imi la r ly ,  a t e r r e s t r i a l  e c o l o g i s t  
assessed  t h e  b i o t a  near t h e  stream beds of t h e  discharged f l u i d  
route.  

36.1 pes c r i o t i o n  of t h e  Receivins Water Body 

The spen t  geothermal f l u i d s  a r e  discharged t o  C i ty  Park  
L a k e  v i a  a storm sewer system which d r a i n s  t h e  southern p o r t i o n  
of t he  c i t y .  The storm sewer o u t l e t  i s  a c u l v e r t  which empties 
i n t o  a s h o r t  i n l e t  stream which flows t o  Ci ty  Park Lake .  Figure 
36-2 shows t h e  Ci ty  Park  L a k e  and i t s  surroundings. 

The Ci ty  Pa rk  L a k e  i s  a man-made impoundment which 
se rves  as a storm-water catchment basin. The pond a rea  i s  ap- 
proximately two acres and i ts  average depth is  less than  two 
feet. The deepest  p o i n t  found during Radian's 1982-1983 surveys 
was s l i g h t l y  over three feet. The pond is s i t u a t e d  i n  t h e  City 
P a r k  and i ts  primary value is scenic.  There i s  no u s e  of t h e  
lake for swimming or  boating. F ish ing  has repor ted ly  been 
l i m i t e d  t o  ca tch ing  b a i t  f o r  o ther  lakes and r i v e r s  i n  t h e  area. 
Such reports are consistent with the finding of no significant 

game or  s p o r t  f i s h  w h i l e  s e i n i n g  t h e  l a k e  during four  seasonal  
v i s i t s .  

The o u t l e t  stream from t h e  lake flows i n t o  Bean Branch, 
a t r i b u t a r y  of McCullough Slough. McCullough Slough i s  a former 
channel of t h e  Brazos River which d r a i n s  t o  t h e  Brazos t h e  ag r i -  
c u l t u r a l  bottomlands i n  t h e  f loodpla in  between t h e  e x i s t i n g  
Brazos River channel and t h e  City of Marlin. 

d 
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The Brazos River is t h e  t h i r d  l a r g e s t  r iver flowing i n  
Texas. I t  flows sou theas t  and across Texas and enters t h e  Gulf 
of Mexico. Marlin i s  loca ted  about 3.5 miles (5.6 km) no r theas t  
of the  confluence of McCullough Slough and t h e  Brazos River. 

Baseline water q u a l i t y  d a t a  was not  c o l l e c t e d  f o r  t h e  
s u r f a c e  waters p r i o r  t o  t h e  i n i t i a t i o n  of d i scharges  from t h e  
T-H-S w e l l .  Table 36-1 lists a comparison of pH and TDS values 
f o r  waters downstream from C i t y  Park L a k e  during a per iod i n  
which t h e r e  were on and o f f  w e l l  test  d ischarges  a t  low flows of 
approximately 50 gpm. I t  is  not  clear t o  what e x t e n t  these t e s t  
d ischarges  a f f e c t e d  t h e  downstream s water q u a l i t y  on t h e  day i n  
which these  samples were taken. However, t h i s  d a t a  is  cons is ten t  
with o ther  da t a  taken  i n  December 1981 p r i o r  t o  i n s t a l l a t i o n  of 
t h e  production pump (e. g. , no discharge occurr ing)  . Theref ore, 
t hese  ear l ier  values  were used as  base l ine  f o r  assessment pur- 
poses both i n  t h e  o r i g i n a l  environmental  assessment and f o r  t h i s  
Study. 

TABLE 36-1. WATER QUALITY DATA FOR CITY PARK LAKE, BEAN BRANCH 
MCCULLOUGH SLOUGH AND BRAZOS RIVER I N  MARLIN, 
TEXAS, AUGUST 1979 

I 

Sample Collect ion S i t e  pH ( u n i t s )  TDS (mg/l) 

City Park  Lake  I n l e t .  8.02 3 960 

City  P a r k  L a k e  O u t l e t  7.65 1110 
(Bean Branch I n l e t )  

McCullough Slough O u t l e t  7.57 1460 

Brazos River Park 7.69 84 0 

Source: Radian 1979. 

173 



. .  36.2 -tion of S-tical PrOCPihKE& 

A l l  sampling and a n a l y t i c a l  procedures performed by 
Radian were s tandard,  approved techniques. A b r i e f  d e s c r i p t i o n  
of them follows. Further  d e t a i l s  can be found i n  r e fe rences  
A P H A - W A  1981; US EPA 1979; and US EPA 1973. 

36.2.1 Sampling Procedures 

r 0- 

Sampling t r i p s  t o  t h e  s i t e  were made i n  May, J u l y ,  and 
November 1982 and i n  February 1983. During t h e s e  t r i p s ,  physico- 
chemical da t a  were recorded i n  t h e  f i e l d  and samples f o r  water 
q u a l i t y  a n a l y s i s  were i ced  and re turned  t o  Radian's l a b o r a t o r i e s  
i n  Aus t in ,  Texas. 

Table 36-2 provides  information on t h e  Hydrolab@ 8000, 
t h e  instrument  used f o r  f i e l d  physico-chemical determinations.  

TABLE 36-2. HYDROLAB. 8000 TECHNICAL INFORMATION. 

Parameter Probe Type Calibrat ion Range Sens i t i v i ty  

Temperature Linear t h e m i s t e r  Factory -5.0 t o  4SDC f O . l D C  

Depth S t ra in  gauge transducer Factorya 0 t o  20 m f 0.1 m 

Conductivity Temperature compensated, Laboratoryb 0 t o  20,000 phos/cm & 2 
four e lectrode cel l  

Temperature compensated FieldC 
g la s s  e lectroder  
s i l ve r / s i l ve r  chlor ide 
reference 

0 t o  1 4  au f 0.02 s u  

Dissolved oxygen Temperature compensated Field' 0 t o  20 ppm f 0.05 ppm 

"Field ca l ibra ted  t o  zero on l oca l  barometric pressure. 

bDocumented ca l ib ra t ion  before and a f t e r  each t r ip .  

CDocumented ca l ib ra t ion  daily. 

membrane f i l t e r  - 

1 7 4  

I 

b 



i r) 

Fish  were c o l l e c t e d  us ing  a 20 f t  x 4 f t  x 3/16 inch 
mesh minnow seine and a D-framed d i p  net .  Observing shallow 
streams and checking fisherman 'creels were a l s o  used where appro- 
p r i a t e .  

Q u a l i t a t i v e  plankton samples were taken by towing a 9 
c m  No. 220 mesh n e t  through t h e  water. Q u a n t i t a t i v e  samples were 
obta ined  by c o l l e c t i n g  one l i t e r '  of raw water i n  a wide-mouth 
bottle.  A l l  plankton samples were .preserved  w i t h  three t o  f i v e  
percent  buf fered  formalin and labeled. 

Benthic  (bottom dwelling) i n v e r t e b r a t e  samples were 
c o l l e c t e d  us ing  a 6 inch x 6 inch Ekman dredge. The sample was 
placed i n  a No. 30 mesh bottomed wash bucke t  and t h e  s i l t  and 
f i n e  debr i s  was rinsed out. The remaining debris and organisms 
were placed i n  a one-liter widemouth ja r ,  preserved w i t h  f i v e  
percent  formalin,  s t a i n e d  with rosebengal and labeled. 

Periphyton ( p l a n t  communities a t t ached  t o  submerged 
o b j e c t s )  samples were q u a l i t a t i v e l y  sampled by scrapping appro- 
p r i a t e  substrates a t  t h e  s t a t i o n  si te.  The samples were pre- 
se rved  with t h r e e  t o  f i v e  percent formal in  and labeled. 

Sediment sample c o l l e c t e d  using a 6 inch x 6 inch  
Ekman dredge. The dredge emptied i n t o  a Teflon b u c k e t ,  
allowed t o  settle, and t h  r n a t a n t  was discarded. The re- 
maining material was placed i n  a one-quart jar  w i t h  Teflon l i d ,  
labeled, iced, and returned t o  Radian's Austin l a b o r a t o r i e s .  
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36.2.2 Analyses Procedures 

r 0- 

Water qua l i -y  samples r e tu rned  t o  t h e  l abora to ry  were 
a n a l y z e d  a s  p r e s e n t e d  i n  T a b l e  36-3. Trace elements were 
analyzed using ICPES ( Induct ive ly  Coupled Argon Plasma Emission 
Spectroscopy) scans. The f i r s t  two sampling t r i p s  a l s o  used AA 

(Atomic Absorption) spectroscopy f o r  g r e a t e r  s e n s i t i v i t y .  Detec- 
t i o n  l i m i t s  of t h e  trace elements scans a r e  presented i n  Table 
36-4. 

o l o a i c a  

Macroinvertebrate samples were r i n s e d  w i t h  t a p  water, 
placed i n  a w h i t e  background pan, s o r t e d  from t h e  deb r i s ,  and 
preserved i n  70 percent  e thanol .  The samples were then i d e n t i -  
f i e d  t o  t h e  lowest p r a c t i c a l  taxon u t i l i z i n g  either a d i s s e c t i n g  
microscope or  a compound microscope, a s  necessary. 

TABLE 36-3: METHODS USED FOR WATER QUALITY CHEMISTRY OF M A R L I N  
SAMPLES 

~~ ~~ ~~ 

Detect ion 
Pa r ame t er Method Ci ted  Technique L i m i t '  

Chloride EPA 325.3* T i  t r ime t r y  1 
SM 407C3 Potent iomet r ic  ti t r  imetry 1 

S u l f a t e  EPA 375.42 Nephelometry 1 

Total  Dissolved EPA 160.12 Gravo,etru 1 
S o l i d s  

Img/l un less  otherwise noted 
zSource: US EPA, 1979. 
3 S ~ ~ r ~ e :  APHA, 1980. 
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TABLE 36-4. METHODS AND DETECTION LIMITS FOR TRACE METAL 
DETEZMINATIONS OF MARLIN SAMPLES 

D e t s t i o n  r , u t 0  

Cold 
AAS 1 

G r a p h i t e  Hydride 
Element Flame Furnace Generation Vapor ICPES * 
A 1  um inum 
Antimony 
Arsenic 
B a r i u m  
Beryllium 
Bismuth 
Boron 
Cadmium 
Calcium 
Chromium 
C o b a l t  
Copper 
Gold 
Indium 
Iron 
Lead 
Li th ium 
Ma gne s i um 
Manganese 
Mercury 
Molybdenum 
N i c k e l  
Phosphor u s  
P la t inum 
Potassium 
Selenium 
S i l i c o n  
S i lver  
Sodium 
Stront ium 
S u l f u r  
T e l l  u r i um 
Thal l ium 
T i n  
Ti tanium 
Tungsten 
Uranium 
Vana d i  um 
Y t t r i u m  
Zinc 

0.5 
0.02 
0.01 

0.04 
10.0 

0.1 
0.05 
0.2 
0.05 
0.1 

0.02 
0.4 
0.01 
0.02 
0.01 

0.1 
0.2 

0.05 
0.01 
1 
0.06 
0.05 
0.02 

1 

1 
0.02 
0.03 

0.005 0.005 
0.002 0.003 
0.1 
0.0005 

0.0005 

0.003 
0.005 
0 . 003 

0.002 

0.005 
0.005 

0.003 0.004 

0 . 001 

0.003 

0.001 

0.005 

0.0002 

0.050 
0.032 
0.057 
0.0006 
0.0005 
0.049 
0.009 
0.008 
0.045 
0.001 
0.006 
0.001 
0.048 
0.055 
0.008 
0.084 
0.004 
0.034 
0.001 
0.032 
0.002 
0.003 
0.18 
0.025 
0.042 
0.084 
0.016 
0.002 
0.006 
0.0004 
0.030 
0.10 
0.091 
0.12 
0.005 
0.018 
0.064 
0.003 
0.002 
0.003 

b 

' A t o m i c  a b s o r p t i o n  spec t roscopy  
* I n d u c t i v e l y  coupled  a rgon  plasma emission spectroscopy 
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Plankton samples were s e t t l e d  i n  a one - l i t e r  hydrometer 
cy l inde r  w i t h  two t o  f i v e  m i l l i l i t e r s  ( m l )  of Lugol 's  s o l u t i o n  
and two m l  of detergent .  After s e t t l i n g  f o r  4 8  hours, t h e  sample 
was concentrated by slowly siphoning off  and d i sca rd ing  a l l  b u t  
25 m l  of f l u i d .  The concentrated plankton were t h e n  poured i n t o  
a beaker, and 25 ml of d i s t i l l e d  water were added t o  t h e  hydro- 
meter cy l inder  t o  f u r t h e r  r inse ou t  t h e  sample. The r i n s e  water 
was then added t o  the  plankton, br inging  t h e  volume t o  50 m l .  
T h i s  concent ra te  was a g g i t a t e d  before  sub-sampling f o r  zooplank- 
ton  and phytoplankton analyses .  

Depending on t h e  dens i ty  of t h e  zooplankton popula- 
t i o n s ,  q u a n t i t a t i o n  was achieved using e i ther  a Sedgewick-Raf ter  
( spa r se )  or  Palmer (dense) counting cel l .  Enumeration was done 
with either a Bausch and Lomb Stereozoom 5 (Sedgewick-Rafter) or 
an Olympus CHA (Palmer 1 compound microscope. 

Tota l  a l g a l  populat ions were determined i n  a two-step 
. method. The f i r s t  s t e p  involved quan t i fy ing  and i d e n t i f y i n g  t h e  
diatom (abundant microscopic s i l i c e o u s  algae) component by dry 
mount. The second s t e p  involved i d e n t i f y i n g  and quan t i fy ing  t h e  
remaining population by wet mount. The f i n a l  d e n s i t i e s  of 
taxonomic ( sys temat ic  sc ien t i f ic  c l a s s i f  i ca t ion- type)  u n i t s  were 
determined by combining t h e  r e su l t s  of t h e  two methodologies. 

Taxonomic composition and abundance of diatoms were 
determined by p lac ing  seve ra l  drops of t h e  se t t led  concent ra te  on 
a microscope s l ide,  thoroughly drying t h e  sample on a warming 
p l a t e  and mounting a coverglass  w i t h  Hyrax. This  procedure 
al lows i d e n t i f i c a t i o n  of t h e  diatoms a t  lOOX, 450X, and l O O O X  
u t i l i z i n g  phase and/or o i l  immersion. From t h i s  d a t a  a l l  diatoms 
were i d e n t i f i e d  t o  t h e  lowest p r a c t i c a l  taxon. Rat ios  of small, 
otherwise unobservable diatoms t o  t h e  l a r g e r  i n d i v i d u a l s  were 
made. 
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A Palmer counting ce l l  was then  prepared ( w e t  mount) 
and a l l  a l g a l  components were i d e n t i f i e d  and enumerated. Only 
t h e  l a r g e  diatoms are  countable by t h i s  technique. The remaining 2 
diatoms are then added t o  count i n  the  same r a t i o  as  determined 
from t h e  dry mount. 

36.3 *le Analvses 

36.3.1 Water Q u a l i t y  Analyses 

The parameters chosen f o r  t h i s  s tudy can be d iv ided  
i n t o  two ca tegor ies :  

0 F i e l d  Parameters: temperature, d isso lved  
oxygen, pH, and conduct ivi ty ,  

0 Chemical Pframeters: t o t a l  d i s s o l v e d  
s o l i d s  (TDS) , chlor ide  ( C l )  , su l f a t e  (SO,) I 

and trace metals, 

Table 36-5 summarizes t h e  results of both f i e l d  mea- 
surements and water q u a l i t y  analyses  a t  t h e  i n l e t  stream t o  C i t y  
Park L a k e  and a t  Ci ty  Park Lake i t s e l f .  The data i n d i c a t e  t h a t  
t h e  i n l e t  water is being d i l u t e d  wi th in  t h e  body of t h e  lake, 
Also i t  appears  t h a t  a dens i ty  g r a d i e n t  or p a r t i a l  s t r a t i f i c a t i o n  
may e x i s t  i n  t h e  lake during some per iods  of t h e  y During 
sp r ing  and f a l l  sa ing, d i s so lved  oxygen concent ra t ions  i n  t h e  
lake exceeded t h  a t u r a t i o n  l e v e l ,  i n d i c a t i n g  a b i o l o g i c a l  
"bloom" i n  t h e  lake. Th a t i o  of conduct iv i ty  t o  t o t a l  d i s -  
solved s o l i d s  ranges from 0.64 t o  0.74 which c l o s e l y  corresponds 
t o  t h e  mean r a t i o  of 0.65 repor ted  by the U . S . '  Geological Survey 
f o r  t h i s  a r ea  [Welborn 19831. 
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TABLE 36-5. WATER Q U A L I T Y  SAMPLING DATA, CITY PARK LAKE, MARLIN, TEXAS 

A A 1 1 / 8 2 2 / 8 3  
Parameter' Inflow Lake Inflow Lake Inflow Lake Inflow Lake 

I 
pH ( S U I  8.6 8.7 8.2 8.2 8.1 8.0 8.2 8.4 

Temperature (.C) 27.4 24.3 30.1 31.3 24.4 15.6 23.8 13.8 

Dissolved Oxygen 7.6 8.6 6.7 5.4 7.2 6.6 8.6 12.4 

Conductivity' (vmhos/cm) 5880 2830 43 90 3800 5560 2210 5950 3330 

Total  Dissolved Sol ids  4042 1825 3320 2880 4150 1530 4430 2380 

Su l fa t e  2060 4 56 1510 1280 --- --- 2590 1520 

Chloride 315 158 370 310 26Q 1 4 1  290 237 

(3090) (3370) [4000) 

W n i t s  i n  mg/l unless  6hown otherwise. 
'Data i n  parenthesis  a t  1.0 meter depth. Other data  a t  0.1 meter depth. 

Water q u a l i t y  samples were a l s o  analyzed for trace 
metal concent ra t ions  a t  these two loca t ions .  These data are 
included as Appendix G t o  t h i s  report, Analysis  of t h e  trace 
metal data fa i led  t o  show any seasonal  t r e n d s  or  s i g n i f i c a n t l y  
high concent ra t ions  of trace metals i n  lake water, bottom sedi- 
ment, or f i s h  tissue. 

Tables 36-6 through 36-9 present  r e p r e s e n t a t i v e  f i e l d  
measurements taken along t h e  e n t i r e  discharge rou te  during the  
four seasonal  v i s i t s .  Sampling p o i n t s  are roughly ind ica t ed  on 
Figure 36-2 and 36-3. Data for two depths a t  t he  middle of C i ty  
Pa rk  Lake are included t o  g ive  a p r o f i l e  of t h e  water column i n  
the  lake. A s  noted earlier,  t h e  d ischarge  f l u i d s  are more dense 
than  l o c a l  surface waters, and it appears  t h a t  a dens i ty  g rad ien t  
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TABLE 36-6. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO TEfE 
BRAZOS RIVER, 5 MAY 1982 

Temperature Conduct ivi ty  Dissolved Depth 
(m) S t a t i o n  (OC) PH (pmhos/cm) Oxygen 

(mg/ 1) 

. I n l e t  Stream 27.4 --- 5880 7.6 0.1 

8.6 0.1 
2.4 1.0 

24.3 8.7 2830 
23.9 8.1 30 90 

C i ty  Park Lake  

O u t l e t  Stream 

(Upstream) 

24.6 --- 27 80 6.5 0.1 

Bean Branch 24e5 --- 720 5.5 0.1 

25.3 ---. 1480 9.7 O m 1  P Bean Branch 
P (Downstr eam) 03 

--- 1840 6.7 0.1 McCullough Slough 24.5 
( A t  highway br idge)  

McCullough Slough 
( A t  Brazos River 
Park) 

23.8 --- 1880 7.9 0.1 

Brazos River 
(upa t r  earn) 

23.3 8.2 1400 9.1 oe2 

23.3 8.2 1430 8.8 0.2 Brazos River 
(Mixing zone wi th  
McCullough Slough) 



TABLE 36-7. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO THE 
BRAZOS RIVER, 29 J U L Y  1982 

-- 

Temperature  Conduc t iv i ty  Disso lved  Depth 
S t a t i o n  (OC) PH (umhos/cm) Oxygen (m) 

(mg/ll 
~~ 

I n l e t  Stream 

Ci ty  Park L a k e  

O u t l e t  Stream 

Bean Branch 
(Upst r eam) 

P Bean Branch 
h) (Downstr eam) 00 

McCullough Slough 
( A t  highway b r i d g e )  

McCullough Slough 
( A t  Brazos River 
Park)  

Brazos River 
(Upstr eam) 

Brazos River 
(Mixing zone w i t h  
McCullough Slough)  

30.1 

31.3 
30.5 

30.6 

32.4 

32.3 

31.4 

33.6 

31.8 

31.8 

8.2 

8.2 
7.8 

8.6 

9.2 

10.2 

9.0 

9.4 

9.0 

9.9 

43 90 

3800 --- 
3 900 

3750 

3800 

257 0 

2570 

1100 

1080 

6.7 

5.4 
1.0 

7.1 

7.1 

8.5 

8.3 

13.6 

10.1 

10.1 

0.1 

0.1 
1.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 



TABLE 36-8. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO THE 
BRAZOS RIVER, 5 NOVEMBER 1982 

~~~ ~ 

Temper a t u r  e Conductivity Dissolved Depth 
S t a t i o n  (OC) PH (umhos/cm) Oxygen (m) 

(mg/l) 

I n l e t  Stream 24.4 

C i t y  Park L a k e  15.6 
16.8 

O u t l e t  Stream 15.4 

Bean Branch 14.3 
(Upstream) 

Bean Branch 13.8 P 
00 
w (Downstream) 

McCullough Slough 13.3 
( A t  highway br idge)  

McCullough Slough 
( A t  Brazos River 
Park) 

Brazos River 
(Upstr eam) 

Brazos River 
(Mixing zone wi th  
McCullough Slough) 

15.0 

16.7 

16.5 

8.1 

8.0 
7.7 

8.1 

7.4 

7.52 

7.6 

7.8 

7.9 

7.9 

5440 

2210 
3670 

2300 

1450 

1300 

1820 

1990 

1030 

1060 

7.1 

6.6 
2.5 

7.8 

4.6 

5.0 

5.4 

9.0 

9.5 

9.5 

0.5 

O m 2  
1.2 

0.1 

O m 2  

0.5 

O m 1  

0.1 

0.2 

0.2 
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TABLE 36-9. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO 
THE BRAZOS RIVER, 17 FEBRUARY 1983 

S t a t i o n  
Temperature Conduct ivi ty  Dissolved Depth 

( @ C )  PH (pmhos/cm) Oxygen (m) 
(mg/ 1) 

~~ 

I n l e t  Stream 23.8 8.2 5950 8.6 0.2 

Ci ty  Park L a k e  13.8 8.4 3330 12.4 0.1 
14.6 8.1 4000 8.6 1.0 

O u t l e t  Stream 13.5 7.9 3280 10.5 0.1 

Bean Branch 
(Upstream) 

Bean Branch 
(Downs t r  earn) 

9.5 0.1 12.9 7.7 1150 

13.6 8.0 2320 10.4 0.1 

McCullough Slough 12.1 7.5 1440 
( A t  highway br idge)  

8.5 0.1 

0.1 16.1 McCullough Slough , 15.3 8.1 1580 
( A t  Brazos River 
Park) 

Bra208 River 
(Upstr eam) 

18.2 9.2 1090 18.0 0.2 

BKaZOS River 17.6 9.0 1200 18.36 0.2 
(Mixing zone wi th  
McCullough Slough) 
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occasional ly  exis ts  i n  t h e  lake. 
during t h e  f a l l  (November 1982)  sampling t r i p .  

T h i s  effect  was most pronounced 

Figure 36-4 is a c h a r t  comparing normal and recorded 
monthly p r e c i p i t a t i o n  f o r  Marlin, Texas. During t h e  monitoring 
period, t h e  monthly p r e c i p i t a t i o n  p a t t e r n  was a t  o r  below normal 
except  f o r  t h e  months of October, November, and February. 

I 
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1 
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MARLIN, TEXAS 

MONTHLY PRECIPITATION 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB 

NORMAL 
1982- 1983 

Figure 36-4 Recorded Monthly P r e c i p i t a t i o n  i n  Marlin, Texas 
During Study Period Compared t o  No'rmal Monthly 
P rec ip i t a t ion .  Source: NCC 1982 
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Storm catchment water q u a l i t y  can be dependent upon t h e  
number of d r y  days  p r e c e d i n g  sampling.  Converse ly ,  water 
q u a l i t y  fol lowing a wet per iod  may be improved by t h e  d i l u t i o n  of 
r a i n f a l l .  Figure 36-5 shows t h e  pattern of d a i l y  r a i n f a l l  f o r  
t h e  one year  monitoring per iod  with t h e  d a t e s  of sampling v i s i t s  
indicated.  The s p r i n g  sampling t r i p  was preceded by a r e l a t i v e l y  
dry per iod  i n  l a t e  April and e a r l y  May. S imi l a r ly  t h e  summer 
sample was also dur ing  an extended dry period. F a l l  and win ter  
samples were preceded by a number of storm events.  

MARLIN, TEXAS 

DAILY PRECIPITATION 
2 .4  

1.92 

1 . 4 4  

0.96 

0 . 4 8  

0 

, .  

. .  
, .  

' , $  

1 
Field Sampling Dates 

0 5 May 1982 
29 July 1982 

0 5 November 1982 
17 February 1983 

4-1 S-1 6-1 7- 8-1 9-1 10-1 11-1 12-1 1 - 1  2-1 

. 1982-1983 

-5 Daily P rec ip i  n Marlin, Texas 
od. Source: NCC 1982 
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36.3.2 Aquatic Biology 

The only f i s h  c o l l e c t e d  i n  t h e  i n l e t  and o u t l e t  streams 
and t h e  lake were green s u n f i s h  (Ler>omis cyane l lus  1 and mos- 

1 .  The mosquitofish were c o l l e c t e d  q u i t o f i s h  (-a 

i n  very l a r g e  numbers. Downstream, i n  Bean Branch, a fisherman 
had caught a brown bullhead (Ictalurus n&ulsmx&). The only 
o the r  f i s h  noted were i n  t h e  mouth of McCullough Slough a t  t h e  
Brazos River where t h e  b lackta i l  sh ine r  ( N s & r . ~ p U ! . )  
was abundant . 

. .  

NO i n v e r t e b r a t e s  were found i n  t h e  lake. Casual col- 
l e c t i o n s  i n  t h e  i n l e t  and o u t l e t  streams yielded very few speci- 
mens. B e l o w  t h e  lake, most of the organisms observed were 
d ragonf l i e s  (odonates) known t o  be s a l t - t o l e r a n t .  

Plankton 

Phy top lank ton  p o p u l a t i o n s  d e m o n s t r a t e d  modera t e  
"blooms" and low d i v e r s i t y .  The dominant species (Table 36-10] 
were a l l  i n d i c a t i v e  of eu t roph ica t ion  and/or sewage* ponds. I n  
particular,  EnteromorDha and BidulDhla are o f t e n  considered 
e s t u a r i n e  organisms. No emergent macrophytes were evident  i n  t h e  
pond. A l l  plankton resu l t s  are shown i n  Appendix G. 

*Sewage, as used i n  t h i s  s ec t ion ,  refers t o  s a n i t a r y  sewage. 
Although it has no t  been repor ted  as  occurr ing,  t y p i c a l l y  urban 
storm sewers may r ece ive  overflows of sewage from manholes, 
l i f t s t a t i o n s ,  etc. during wet weather. 
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TABLE 36-10. DOMINANT ALGAE FOUND DURING THE MARLIN STUDY I N  
CITY PARK LAKE 

Date Genus (units/ml) 
~ ~~~ 

Ind ica to r  o f1  

29 J u l y  82 Palmellococcus (2700) Sewage 
Tetr aedron (1700 1 Sewage 

5 Nov 82 Chl or  o co ccum ( 2 4 0 0 1 Sewage 
Cyclotella (2500) Sewage 
Rhaphiopsis (2500 1 Sewage 
Enter omor pha (Abundant 

periphyton 1 Organic Po l lu t ion  

17 Feb 83 Chl orococcum (1400 1 Sewage 

lSource: Palmer, 1977. 

Mosquitofish and green sunf i sh  are o f t  n consid red t o  
be among t h e  f i s h  most t o l e r a n t  of po l lu t ion .  The abundance of 
mosquitofish i s  i n d i c a t i v e  of t h e  absence of an e f f i c i e n t  preda- 
to r .  The moderate blooms of sewage-indicative algae demonstrate 
eu t roph ic  condi t ions.  The absence of benth ic  i n v e r t e b r a t e s  i n  
t h e  pond demonstrates a s e r i o u s  environmental pertubation. Some 
bottom-dwelling pond organisms are  usual ly  very t o l e r a n t  of 
anaerobic/salinity/thermal inf luences.  I 

The b i o l o g i c a l  communities p re sen t  i n  Ci ty  Park L a k e  
are ind ica t ive  of high organic sewager s a l i n i t y  and environmental 
stresses. Many freshwater organisms can t o l e r a t e  s a l i n i t i e s  up 
t o  about 5000 ppm. - The stress on t h i s  system is probably related 
t o  more f a c t o r s  t han  j u s t  s a l i n i t y  and/or t o  an i n t e r a c t i o n  of 
s eve ra l  f ac to r s .  
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36.3.3 Terrestial Vegetation 

The vege ta t ion  occurr ing  ad jacen t  t o  those  streams and 
impoundments r ece iv ing  discharged geothermal waters was surveyed 
on 5 November 1982. Observations were made a t  f i v e  s t a t i o n s  
along t h e  affected drainage. These included three s t a t i o n s  i n  
Marlin Ci ty  Park, one s t a t i o n  a t  t h e  county road br idge over 
McCullough Slough and one a t  t h e  confluence of McCullough Slough 
and t h e  Brazos River. Observations were made of t h e  macrophytic 
vege ta t ion  ad jacen t  t o  t h e  affected drainages on a q u a l i t a t i v e  
basis .  

C i tv  P a  

The three s t a t i o n s  included i n  t h i s  park were the  
stream channel below the  park en t rance  and above C i ty  Pa rk  L a k e  
( S t a t i o n  lIr C i t y  P a r k  L a k e  ( S t a t i o n  21, and t h e  stream channel 
below the  impoundment t o  i ts  confluence w i t h  Bean Branch. A l l  
t h r e e  s t a t i o n s  maintained a d i s tu rbed  v e g e t a t i v e  cover c o n s i s t i n g  
of a m i x t u r e  of n a t i v e  and introduced p l a n t  taxa. 

on 1. Vegetation ad jacen t  t o  t h i s  s e c t i o n  
of t he  creek is  a narrow g a l l e r y  f o r e s t  predomi- 

w i t h  n a n t l y  of l i v e  oak ( O u e r c u s  vir- 
i n f r e q u e n t  cedar e l m  ( . U m u s  c r a w  * ) and 
b o i s  d ' a r c  ( U r a  D o U e r a  1 .  Unders to ry  
c o n s i s t s  of s eve ra l  l a r g e  co lon ie s  of g i a n t  reed 
( A r u n U m x )  , rough-leaf  dogwood (_Carnus 

-1, and common four-o'clock (Mirabllls 
-1. Vines are  abundant and are dominantly 
trumpet-creeper -is r a w  1, and poison 
i v y  (Rhus toxicode- 1 .  Herbaceous cover  
c o n s i s t s  of a weedy growth of g i a n t  ragweed 

. .  

. .  
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(Amb_rosia trifida), johnson g r a s s  (SQL@UUU 

-1 and h a i r y  paspalum (E~E@.w Dubiflor 
3 un). I s o l a t e d  s i tes  along t h i s  stream segment 

maintain a ground cover of bermuda grass (GymdQIl 
d a m n )  and St. Augustine grass (StenotaDhrum 

- 

secundatum) 

t i o n  2. The pa rk  impoundment h a s  s e v e r a l  
l i v e  oak trees scattered around i ts  periphery. 
Severa l  of these, e s p e c i a l l y  those on t h e  south 
and sou theas t  edges, appear t o  be dying. T h i s  
cond i t ion  appears  t o  have been e x t a n t  for a t  l e a s t  
s e v e r a l  y e a r s  and  i s  n o t  a t t r i b u t a b l e  t o  t h e  
r ecen t ly  i n i t i a t e d  discharge. The most severe ly  
affected trees occur i n  the  l e v e l  park area south 
Of t h e  impoundment. T h i s  area main ta ins  a lawn- 
type ground cover of low g ras ses  and a s soc ia t ed  
weedy forbs. The lake per iphery suppor ts  a nar- 
row, dense s tand  of t a l l e r  weeds, e s p e c i a l l y  sump- 
weed (L_vafbutescene), f a l s e  ragweed (PI! 
_theniurn hvsteroD-), f i d d l e  dock (Rumex 
JUMEZ), johnson grass ,  g i a n t  and western rag- 
weed and a s t e r  ( A s t e r s g b u l a t l l f i ) .  Emergent 
macrophytes are restricted t o  s e v e r a l  small  colo- 
n i e s  of common cat-tail  -ha 1- ' 1 and 
knot-weeds ( P a l v a a n u m ) .  

t 

on 3. The c i t y  park impoundment discharges 
through a concre te  sp i l lway and raceway terminated 
by a three meter f a l l .  A t  t h e  base of t h i s  f a l l  
t h e  stream n t e r s  a f l a t  open area conta in ing  
scattered bottom l and  trees. These inc lude  pecan 
( a y a  illinoininsls ' I overcup  oak (Ouercus 

-1, and both American and cedar elm. The 
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channel supports  a dense growth of weedy grasses 
dominated by johnson grass. The stream e x i t s  t h e  
park area and e n t e r s  a shallow slough containing 
numerous dead sugarberry trees (-is laevi - 
nata) and elms. - 
Two s t a t i o n s  were l o c a t e d  on t h e  drainage channel below 

This channel appears  t o  have been s t r a igh tened  Marlin Ci ty  Park. 
and ad jacent  woody vegeta t ion  removed. 

on 4. The stream passes  through a w e l l -  
formed channel conta in ing  no woody vegetation. 
Associated vegeta t ion  c o n s i s t s  of weedy f orbes and 
g ras ses  found a t  s t a t i o n s  2 and 3. The channel i s  
approximately 25 meters wide and 6 meters below 
t h e  ad jacen t  lands. Southeast  of t h e  channel 
occurs  a f o r e s t  dominated by sugarberry and ceder 
e l m ,  u n d i s t u r b e d  p o r t i o n s  of  wh ich  appea r  t o  
conta in  i s o l a t e d  pecan trees and water t o l e r a n t  
hardwoods. Large a r e a s  have been c l e a r e d  no r th  of 
t he  channel and an ex tens ive  pecan orchard occurs  
south of t h i s  s t a t i o n .  

n 5. T h i s  s t a t i o n  c o n s i s t s  of a main- 
t a ined  channel adjacent t o  a county park loca ted  
a t  t h e  e x i s t i n g  f a l l s  on t h e  Brazos River. An 
ad jacen t  f o r e s t  i s  permit ted t o  encroach on t h e  
channel and developed camping areas and t r a i l s  
occur a long t h e  ad jacen t  upland area.  T h i s  sta- 
t i o n  i s  cha rac t e r i zed  by an open woodland of e l m ,  
l i v e  oak and sugarberry.  Shrubs and weedy f o r b s  
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and g r a s s e s  are c o n t r o l l e d  and groundcover con- 
sists of scattered low g ras ses  and forbs .  The 
shallow stream flows over a t h i n  bedded sandstone 
and l i t t l e  vege ta t ion  occurs i n  t h e  channel cen- 
ter. 

The v e g e t a t i v e  communities a s s o c i a t e d  w i t h  water re- 
sources  r ece iv ing  t h e  spent  geothermal f l u i d s  are t y p i c a l  of 
d i s turbed  p o r t i o n s  of t h i s  region. The channel iza t ion  of t h e  
a f f e c t e d  stream below Marlin C i ty  Park,  and t h e  maintenance of 
t h a t  park and t h e  downstream county p a r k  prevent  t h e  occurrence 
of s i g n i f i c a n t l y  na tu ra l '  communities. 

36.4 Conclusions 

The comparison of t h e  data c o l l e c t e d  d u r i n g  t h e  
monitoring s tudy t o  t h e  expected environmental e f f e c t s  of t h e  
discharge of t h e  s p e n t  geothermal f l u i d s  i s  discussed below. 
As expected, water q u a l i t y  parameters i n d i c a t e  t h a t  t he  discharge 
has  inc reased  t h e  concent ra t ions  of TDS i n  t h e  ' l ake  and waters 
immediately downstream. 

F igure  36-6 i l lust rates  p red ic t ed  TDS concent ra t ions  i n  
t h e  lake a r i s i n g  from t h e  d ischarge  of t h e  spent  geothermal 
f l u i d s  [Radian 19791. Superimposed upon t h i s  f i g u r e  are t h e  four 
TDS data p o i n t s  c o l l e c t e d  during t h e  monitoring study. The fou r  
TDS data p o i n t s  were ins tan taneous  grab  samples whi le  t h e  p l o t t e d  
curves r e p r e s e n t  p red ic t ed  monthly average concentrat ions.  

The modeled concen t r a t ions  were based on a much l a r g e r  
d i l u t i n g  body (5  acres x 5 f t  v e r s u s  2 acres x 2 f t )  and a l s o  a 
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larger discharge (200 gpm max versus  55 gpm avg.). The actual 
lake concent ra t ions  are probably more s e n s i t i v e  t o  p r e c i p i t a t i o n  
than modeled s i n c e  it i s  smaller than o r i g i n a l l y  thought. T h i s  
s e n s i t i v i t y  i s  apparent  from t h e  July 1982 data po in t  i n  t h a t  
t h i s  sample was taken a f te r  an e%tended d ry  period during which 
both t h e  absence of d i l u t i n g  r a i n f a l l  and t h e  corresponding solar 
evaporat ion tended t o  inc rease  t h i s  concentration. Nevertheless, 
t h i s  comparison i n d i c a t e s  t h a t  t h e  l ake  concent ra t ion  of TDS i s  
i n  t h e  same range as  t h a t  which was predicted.  

Comparing t h e  J u l y  1982 da ta  (from Table 36-51 for C i t y  

(from Table 36-11 shows an inc rease  i n  TDS of 159 e n t  (from 
1110 mg/l t o  2880 mg/l) i n  t h e  lake. Using conduct iv i ty  (from 
Tables 36-7, 36-8, 36-9, 36-10) f o r  comparison i n  Bean Branch, 
t h e  i n c r e a s e  between upstream and downstream s t a t i o n s  was 
approximately 100  percent  during t h e  s p r i n g  and winter. Fal l  and 
summer samples show an apparent  decrease i n  conduct iv i ty  from 
upstream t o  downstream. This  was l i k e l y  an a r t i f a c t  of t h e  
extremely low flow condi t ions  i n  Bean Branch t h a t  allowed mixing 
i n  t h e  v i c i n i t y  of t h e  confluence r a t h e r  than an i n d i c a t i o n  t h a t  
there were upstream sources  of conduct ivi ty .  Using t h e  r a t i o  of 
conduct iv i ty  t o  TDS discussed i n  Sec t ion  36.3.1, an estimate of 
t h e  comparison between McCullough Slough i n  A u g u s t  1979 and 
McCullough Slough i n  Ju ly  1982 shows t h a t  t h e  conduct iv i ty  ( O r  

TDS) has  increased  by 32 percent. The effect on the Brazos River 
was not  s i g n i f i c a n t .  

Park L a k e  t o  t h a t  reported f o r  t h e  lake o u t l e t  i n  U S t ,  1979 

Since t h e  T-H-S d ischarge  is causing no s i g n i f i c a n t  
change i n  t h e  water q u a l i t y  f t h e  Brazos River, it is deduced 
t h a t  there is  no impact on t h e  r i v e r ' s  b io ta .  Although, as 
expected, t h e  upstream TDS l e v e l s  ( i n  Bean Branch and McCullough 
Slough) have increased  any impacts a r e  d i f f i c u l t  t o  d i s c e r n  due 
t o  o ther  ex tens ive  manmade per turba t ions .  However, no apparent  
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impacts t o  t h e  b i o t a  f n  these waterways were observed o r  analyzed 
dur ing  t h e  monitoring. 

The impact of t h e  chemical changes on t h e  b i o t a  i n  Ci ty  
Park L a k e  is d i f f i c u l t  t o  d i s c e r n  i n  t h e  absence of b a s e l i n e  
biological data. C i ty  Park L a k e  has a number of indicatorG of a 
stressed a q u a t i c  environment (low d i v e r s i t y  of f i s h  species, lack 
of emergent vege ta t ion ,  absence of ben th ic  organisms) . These 
r e s p o n s e s  are o f t e n  r e p r e s e n t a t i v e  of some t y p e  of t o x i c  
response. In  a d d i t i o n ,  t h e  mic ro f lo ra  i n  t h e  lake are i n d i c a t i v e  
of b o t h  s a l i n e  and  o r g a n i c a l l y  l o a d e d  (sewage) a q u a t i c  
env i ronmen t s  . Without  adequate p r e - d i s c h a r g e  ( b a s e l i n e )  
information, the  stressed condi t ion  of C i ty  Park  L a k e  can not  be 
s u f f i c i e n t l y  l i nked  t o  a particular a c t i v i t y .  Conclusions 
concerning p o t e n t i a l  impacts from t h e  discharged T-H-S Hospi ta l  
geothermal f l u i d s  would t h e r e f o r e  be e n t i r e l y  speculat ive.  For 
f u t u r e  geothermal p r o j e c t s  proposing surface discharge,  it i s  
s t rong ly  recommended t h a t  b i o l o g i c a l  sampling be included i n  
preopera t iona l  s t u d i e s  so t h a t  causal f a c t o r s  f o r  p o t e n t i a l  
stresses can be determined. 
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APPENDIX A: WELL DATA 

Permit t o  D r i l l  (TRC) 

D r i l l i n g  Plan 

D r i l l e r s  Log 

Fluid Analyses (DST/Pump T e s t )  

pump T e s t  Data 

Injection T e s t  Data 

Incl ination Data 

Logging 
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RAILROAD COMMISSION OF TEXAS 
OIL & GAS DIVISION 

PERMIT TO DRILL, DEEPEN.OR PLUG BACK 
ON REGULAR LOCATION 

%;,,rb;7?!.*, , l r t  r,:''. 7 ; : ;  r ~ . : .  - - t 3  
. . b  - * . ' .  , 

MIT NUMBER (DATE OF PERMIT I DISTRICT 

04SdOd I 3 / 2 6 / 7 9  I .os 
I COUNTY NUMBER IFORM W-1 (dated) 

42 145 30247 I S/lS170 f U s  
'E OF OPERATION ACRES 

T'H-S ' IEWOAflL HOSPITAL, INC. 
R O W  60 
M A R L I N  1% 76641 

.SE NAME 

G ,  
' c  

, T. e. 
* @  c c @ a G G G G  @ C  

Based upon the representations made on the  above FORM W-1 and those made on any plat or plats filed therewith, it is believed tha t  the 
aeration indicated, when carried out a t  that point which you have represented to be the location of the above designated Well, complier as of 
,e date thereof, with the provisions of the applicable spacing rule SUBJECT TO THE LIMITATIONS, IF ANY, SET OUT ABOVE. Compliance 
ith the applicable Commission spacing rule renders it unnecessary that you secure a special Commission permit to cover this indicated 
xration at the location shown, the same being classed as regular. 

I f  there are outstanding permits covering operations which have not actually been started as of the date of filing of FORM W-1 above 
scribed and which, if started, would impair the  regularity of t h i s  operation, then the permit covering that location on which the actual 
=ration is f i rst begun shall prevail, and all other such outstanding permits shall be nullified. 

DIRECT INQUIRIES TO: ADMINISTRATIVE SERVICES DIVISION MAIL: 
&it01 Sution-P. 0. D r w r  12967 

Austin, Texas 70711 
DRILLING PERMIT SECTION 1512) 4752458 

206 
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DRILLING PLAN 

T-H-S GEOTHERMAL WELL N0.1 

GENERAL : 

The general scope of work on this project is to drill an ex- 
ploratory hole to the Travis Peak Formation, estimated at 3400 feet 
and determine the quality and temperature of the water from the for- 
mation. 

The site of the well will be as shown on the attached drawing 

A 9-7/8" hole will be drilled to approximately 2900 feet. At 

number 1. 

this point the hole will be reduced to 7-7/8" through the Glen Rose. 
The base of the Glen Rose is estimated at 3100 feet. From driller's 
log and on site inspection of cuttings it will be decided where to 
take a drill stem test (DST) in the Glen Rose. After DST complete, 
drill ahead through Travis Peak to approximately 3400 feet. 

An induction, micro density and gamma ray density log will be 
made of the hole. A DST will be made in the Travis Peak. 

All drilling will be by straight mud rotary. 
prove satisfactory, the well will be completed according to diagram 
number 2. 

Drill cutting samples will be obtained, on 20 foot intervals, 

If all tests 

washed, sacked and stored at the site. 

DRILLING FLUIDS: 

of the well. From surface to 2000 feet mud will be composed of 
natural mud and Quick-gel with a weight of 9.5 to 9.8#/gal., viscosity 
of 34-36 and water loss of 10-20 cc in 30 minutes. From 2000 to 

During drilling of anhydrite sections between 2200 and 2800 feet, 
the mud may need conditioning with Super-treat several times. 

DRILL STEM TESTING PROGFWI: 

Drilling mud will be used to total depth and until completion 

d weight of 9.5 to 9.8#/gal., viscosity of 34 to 38 and 
f 5 to 12 cc in 30 minutes. CMC will be added as needed. 

Near base of Glen Rose a Haliburton drill stem test tool will 
be set and opened. The sampled interval will be allowed to flow. 
A sample will be obtained for chemical analysis. 
ture at the surface will be measured as well as shut-in-pressure. 
Instruments in the tool will measure bcttom hole temperature and 
pressure. 

The water tempera- 
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PAGE 2 
DRILLING PLAN 
T-H-S GEOTHERMAL WELL N0.1 

DRILL STEM TESTING PROGRAM - CONTINUED: 
The process will be repeated in the Travis Peak after the hole 

is drilled and electric logs are made. 

CASING PROGRAM: 

A string of 7" O.D. 5-55 23#/ft. casing will be set to the top 
of the Travis Peak estimated at 3100 feet. 
ed in place in an eleven inch hole from the casing float shoe to the 
surface with Portland Type H cement with 8 percent bentonite gel for 
a slurry of 1.7 cu.ft./sack. 
burton. 

The casing will be cement- 

Cementing will be by Dowel1 or Hali- 

Below the 7" casing in the Travis Peak a 5" liner-screen will 
be set, which will include 200 feet of mill-slotted liner and 100 
feet of blank pipe. 

SURFACE EQUIPMENT: 

No blow out preventer will be required as no gas or high hydro- 
static heads will be encountered. 
valve on completion of the well which will allow the well to flow 
when desired. 

The casing will be capped with a 

DRILLING OPERATIONS SEQUENCE: 

1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 
9. 
10 . 
11. 

12. 

13 . 

Move in drilling rig and set up. 
Construct pits. 
Drill 9-7/8" hole to 2900 feet. Monitor mud weight, etc. 
Run Eastman single shot each 100 feet. Maintain one (1) 
degree or less deviation. Cutting samples each 20 feet. 
Drill 7-7/8" hole to 3100 feet or near base of Glen Rose. 
Cutting samples each 20 feet. 
Make drill stem test of Glen Rose, determine hydrostatic 
head, water temperature and quality. 
Continue 7-7/8" hole to 3400 feet. Cutting samples each 
20 feet. 
Run GO International or Schlumberger induction, micro 
density and gamma density logs. Determine from logs the 
interval to make next DST. 
Run DST obtaining water quality, temperature and pressures. 
Ream 11" hole to 3100 feet. 
Set 3100 feet of 7" O.D. casing and cement to surface. 
Wait on cement 24 hours. 
3400 feet. 
Set 200 feet of 5" mill-slotted screen and 100 feet of blank 
liner. 
Develop well by agitating and washing. 

Drill plug and clean out hole to 
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PAGE 3 
DRILLING PLAN 
T-H-S GEOTHERMAL WELL N 0 . 1  

J DRILLING OPERATIONS SEQUENCE-CONTINUED: 

1 4 .  S e t  pump and pump for  24 hours a t  
sure discharge rate, w a t e r  level ,  
least each 30 m i n u t e s .  

15.  P u l l  pump and cap w e l l .  
1 6 .  Move rig f r o m  site and clean up. 

rate of 2002 gpm. Mea- 
w a t e r  t e m p e r a t u r e  a t  
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LAYNE TEXAS COMPANY, 

WELL LOG 

PAGE 1 O f  2 HOUSTON + DALLAS 

REPORT NO. 

=. o. 1202-8527 

FILENO, 3934 
DATE 6-13-79 

CUSTOMER LOCATION 
FOR T.H. S. Memorial Hospital 

LOCATION WELL East Parking lot at 322 Colman St. 
Marlin, Texas 

SVRVLY FIELD 

COUNTY Falls 6 T A l L  Texas 

OTHER LAND MARXS 

6lRATA 

L36' 

162 
169 ' 
197' 
320' 
378' 
408' 
673' 
900' 
952 ' 
968' 

1168' 
1201' 
1252' 
1270' 
1397' 
1404' 
1492 ! 
1500' 
1568 l 
1585' 
1621 ' 
1655' 
1670' 
1753' 
1798' 
1841' 
1896' 
2042 ' 
2124' I 2195l 
2260' 
2336' 
2372 

~~ 

EACN 

6TRATVM 

2' 
15' 
4 '  

15' 
27' 
99' 

7 '  
28 ' 

123' 
58' 
30' 

265' 
227 ' 
52' 
16' 

200 ' 
33' 
51' 
18' 

127' 
7' 

88' 
8' 

68' 
17' 
36' 
34' 
15' 
83' 
45' 
43' 
55' 

146' 
82' 
71' 
65' 
76' 
36' 

- 

WELL DATA 
WELL NO. 1 NAME WELL 

ELEVATION 400 ' DATUM 

TLST HOLE siz&-7/8"+74/8" 
DATC STARTED DRILLING 4-17-79 

DR~LLERL. S .LuthringePIG NO. 4 
TYPE MuoGel-Cellex NO. SACKS 260 
ELECTRIC LOG Yes 
SURVEY Eastman TYPE Single Shot 

RT C GR 

DATE FINISHED DRILLING 6- -79 

TYPE Schlumberger 

OTHER 

DESCRIPTION FORMATION 

Surface 
Surface Soil 
Grey & Red Clay 
Sand 
Gray Clay 
Blue & Grey Clay 
Blue Shale 
Gray Shale 
Soft Black Shale 
Gray Shale 
Gray Shale & Gravel Stks. 
Gray Shale & Sand Stks. 
Gray Shale & Black Shale 
Gray Shale 
Gray Shale W/Sand Stks. 
Gray Shale 
Hard Black Shale 
Limestone 
Lime & Shale Stks. 
Blue Shale W/Sand Stks. 
Lime & Shale 
Hard Shale 
Black Shale W/Lime & Gravel Stks. 
Black Sand 
Black Shale 
Lime W/Black Shale Stks. 
Black Shale W/Lime Stks. 
Lime Stone W/Shale Stks. 
Black Shale W/Lime Stks. 
Lime & Shale 
Shale & Lime 
Litne & Shale 
Shale & Lime 
Lime & Shale 
Gray Shale & Lime Stks. 
Lime, Gray & Black Shale 
Shale & Lime 
Lime & Shale 
Blue 6 Gray Shale 
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DEPTH 

SAMPLES 
TYPE NUMSSR 



I 1) 

COUNTV 

OTHER LAND MARKS 

FOR T.H.S. Memorial Hospi ta l  

LOCATION WELL 

DRILLER RIG NO. 
TYPE MUD NO. SACKS 

ELECTRIC LOG TYPE 

SURVEY WCE 

OTHER 

SURVEY ? E L 0  

t 
DIPlH 

STRATA 

.2384 ' 
2404 ' 
-2414' 
2489' 
2510' 
2529' 
2630' 
2647' 
2724' 

, 2861' 
2873' 
2905' 
3023' 
3052' 
3108' 
3122' 
3133' 
3170' 
3206 ' 
3276' 
3305 ' 
3318' 
3388' 
3407" 
3438' 
3493' 
3562 ' 
3604' 
'3612' 
3618' 
3620' 
3639 ' 
3688' 
3705' 
3879 ' 

mcn 
STRATUM 

12 9 

20 ' 
10' 
75' 
21 * 
19' 
101' 
17' 
77' 
137' 
12' 
32' 
118' 
29' 
56' 
14' 
11' 
37' 
36' 
70' 
29' 
13' 
70' 
19 1 

31' 
55' 
69' 
42' 
8' 
6' 
2' 
19' 
49' 
17' 
i74 

Blue Shale & Sand Stks. 
Lime Stone 
Lime & Shale 
Shale & Lime 
Lime & Shale Stks. 
Shale #/Lime & Sand Stks. 
Lime & Shale 
Shale & Lime Stks. 
Lime & Shale W/Sand Stks. 
Black Shale W/Lime Stks. 
Sof t  Lime & Shale Stks. 
Shale & Hard Lime 
Lime & Shale 
Sof t  Lime & Shale 
Lime & Shale 
Lime, Shale & Sand Lyrs. 
Hard Lime & Shale 
Black Shale & Lime 
Sof t  Sandy Shale 
Shale, Lime & San 
Shale & Sand Lyrs. 
Hard Gray Shale & Lime 
'Sandy Lime W/Black & Gray Shale Stks. 
IGrey Shale 
Pink Shale W/Lime 6r Sand Lyrs. 
Sandy Lime & Black Shale  Lyrs. 
Sand, Sandstone & Shale Lyrs. 
Sandstone & Shale, Red & Black 
Shale & Sandy Lime 
Sandstone W/Red & Black Shale 
Sand Rock 
Sandstone, Red & Black Shale 
Red> Black Shale W/Sandgtone Lyrs. 
Red, Black, White Shale W/Very Hard yrs. 

Shale 

I 
Sand & Sandstone w/Shale Stks. 4 I 

STATE 

~ -~ 
SAMPLES 

NUUBER I lYPE 

DESCRIPTION FORMATION 
I 

1 I 213 1 



EDNA WOOD LABORATORIES. INC. 

19 June 1979 WATER TECHNOLOGISTS . . CHEMIST8 . . MICROlllOL001STS 
To: Layne Texas Company 

P. 0. Box 9469 
Houston, Texas 77011 SO #1102-8527 

Sample marked: THS Memorial Hosp., l .J r l in ,  Texas -,Sample taken from D r i l l  Pipe. 
Packer a t  3615'. Screened: 3620' - 3705'. 

Received: 6-18-79. Turbid sample, f i l t e r e d  for analysis. 

WATER ANALYSIS 
results in parts par million (mg/l) except as noted 

Dissolved Residue at 350'C 

Total Dissolved Solids, actualt 

Total Dissolved Solids, calc. 

Silica Si02 

Calcium cc 

Magnesium MG 

Sodium (diff. No -k K as Na 

Carbonate cog 

Bicarbonate HCO3 

Sulfate 504 

Chloride CI 

Total Fluoride F 

Total Nitrate NO3 

Total Manganese Mn 

Total Iron Fe 

Iron, filtered sample Fe 

rlncludes organic matter 

*3,492 

*3,605 

3,492 

31 

268 

37 

765 

0 

222 

2,054 

114 

1.0 

< 0.1 

0.55 

5.5 

< 0.05 

Conductance, micromhos/un, 25 OC 

Color, units 

Turbidity, units 

As Calcium Carbonate, CaCO,: 

Phenolphthalein Alkalinity 

Total Alkalinity 

Total Hardness 

Free Carbon Dioxide c02 

pH. .. 7.25 
~ 

HYPOTHETICAL COMBINATIONS 
~ 

Calcium Bicarbonate 
Calcium Su l fa te  
Magnes i um Sul fa te  
Sodium S u S t e  
Sod i un Chlor i de 
Sodium Fluor ide 
S i l i c a  

Total Dissolved Solids, Calc 

4,040 

25 

105 

0 

182 

820 

20 

295 
663 
181 

2,132 
188 

2 
31 - 

3,492 

5127 
Pm 

tTotal Dissolved Solids, actual Dissolved Residue f 50.8% of bicarbonate (HCQ) fon 

EDNA WOOD LABORATORIES. INC. 

2 14 Z L  &dw4., 
BY8 Edna Wood 

I 

I 



EDNA WOOD LABORATORIES. INC. 

To: Layne Texas Company 
P. 0. Box 969 
Houston, Texas 77011 SO #1202-8527 

Sample marked: T.H.S. Memorial Hos t a l .  Taken: 7-28-79 a f t e r  23 hrs. pumping 
a t  307 gpm. 10 min. s t a t i c  head: +14.86'. Pumping level :  198'. 
Screened: 3615' - 3882'. H20 Temp. 152.6'F. 

Received: 8-3-79. Turbid sample; f i l t e r e d  f o r  analysis. 

WATER 'ANALYSIS 
per million (mg/i) except as noted 

Dissolved Residue at 350°C 

Total Dissolved Solids, actualt 

Total Dissolved Solids, calc. 

Silica Si02 

Calcium Ccl 

Magnesium Mg 

Sodium (diff.) No -b K as No 

Carbonate koa 

Bicarbonate HCO, 

Sulfate so4 

Chloride CI 

Total Fluoride F 

Total Nitrate NO3 

Total Manganese Mn 

Total Iron k 

Iron, filtered sample Fe 
&Sample hygroscopic; gains 
weight on balance -, 

includes organlc matter. 

*3 840 

*3925 

3680 

40 

278 

35 

815 

0 

168 

2256 

87 

0.8 

< 0.1 

0 .05 

0.14 

Conductance, micromhos/cm, 25°C 

Cdor, units 

Turbidity, units 

As Calcium Carbonate, CaCO3: 

Phenolphthalein Alkalinity 

Total Alkalinity 

Total Hardness 

Free Carbon Dioxide c02 

pH..  . 7.33 

HYPOTHETiCAl COMBINATIONS 

Calci um 8 i ca rbona t e  
Calcium Sul fa te 
Magnesium Sul fa te 
Sodium Sul fa te 
S o d  urn Chloride 
Sodium Fluor ide 
S i l i c a  

Tota l  Dissolved Solids, Calc 

3930 

3 

6 

0 

138 

840 

13 

223 
757 
175 

2340 
143 

2 
40 

3680 

- 

~ 

t T o d  Dwlved Solids, actual lved Residue + 50.8% of bicarbonate (HCOa) ion 

EDNA WOOD LABORATORIES. INC. 

5544 g2fd &&%. 
pm - cc: Hr. Joe D i l l a r d  - Dalk, Texas 75228 Edna Wood 
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REPORT NO 

LAYNE TEXAS COMPANY s. 0. 1202-8527 

DALLAS HOUSTON + 
WATER WELL TEST 

CUSTOMER LOCATION 

TEST FOR T.H.S. Memorial Hospital 
LOCATION OF WLU 322 Coleman St. 
8URVLY FIELD 

\ COUNTY Falls .TAIL Texas 
DESCRIPTION OF LAND NARKS East side of T.H.S. 

Memorial Hospital 

~~ 

WATER MEASURING DEVICE 
ORIFICS S I Z ~  6" x 4'' LLNGTU 

OTHLR 

PAGE 1 Of 2 
FILENO. 3934 
DATL 7-27-79 

WELL DATA 
NAME WELL W L U N O .  1 
ELEVATION 39 1.50' DATUM 

WELL 8IZE 10-3/4" x 8-5/8" x 5%'' 
TOTAL DEPTH 3885' TOP SCRLIN 3613'-38( 
GRAVEL W L U  NO STRAIGUT WELL Yes 
TYPE SCRELN Mill Slot GAGE 3/32'' 
TEMPERATURE OF w A r c n  156OF 
WATKR CONDITION Clear 

TEST PUMP DATA 
DEPTH SElTING TOP OF BOWL 200 ' 
LENCTU AIR LINE 200' S l Z t  k" 
TYPE BOWL NO. 8TACLS 10 
LENGTH BOWL SUCTION LT. 

WATCR 8AMCLE TAKEN Yes NO. SAMPLE8 1 I BACTERIOLOGICAL SAMCLL TAKEN 

8AND CONTCNT 02. CZR t 00 GAL. 

ACTIVE STATIC HEAD AFTER PUMP STOPPED 
6 MIN. 

I O  MIN. 

I S  MIN. 

W. 

R. 

CT. 

20 MIN. 

2s MIN. 

ao MIN. 

DATL 
HOUR 

P-27-79 
1:45 PM 
2:45 
3:OO 
3:30 
3:45 
4:OO 
4 :30 
5:OO 
5:30 
6:OO 
6 :30 
7 :00 
7:30 
8 : O O  
8;30 
9:oo 
9:30 
0:oo 
0:30 
1 :oo 
1 :30 
2 :oo 
2:30 AM 
1 :oo 
1 :30 
2 0 0  
OBSERVERS 

AIR LINE 
GAGL 

7-28-79 

?UM?lNG 
LLVEL 

ump On 
150' 
157' 
190' 
194' 
195' 
196' 
196' 
196 ' 
196' 
196' 
196' 
196' 
196' 
196' 
196 ' 
196' 
196' 
196' 
196' 
196' 
196 ', 
196' 
196' 
198' 
198' 

W. 

W. 

W. 

DISCH. 
PRESS. 

DRAWDOWN .8CECltlC CAPACITY-, 

W A D  ON 
ORIFICE 
INCHES - 
15.5 
15 
24 
24 
24 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
2-L- 

GPM 

Speeded 

R?M OPERATOR REMARKS 

+14.85 

2 16 
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T.H.S. Memorial Hospital S.O. 1202-8527 
File NO. 3934 
Page 2 of 2 

7 
DATE 
MOUI( 

2 :30 
'3 :oo 
3 :30 
4 :00 
4 :30 
5 :00 
5 :30 
6 :00 
6 :.30 
7 :06 
7330 
8.~00 
8:30 
9 :QO 

. 9f30 
10 :oo 
10:30 
11 :oo 
11:30 
12 : 00 
12:30 PI 
1 :oo 
1 :30 
1 :45 

1 :46 
1 :47 
1 :48 
1 :49 
k 5 O  
1 :51 
1752 

Well w j  
Shut in 

I 
OSSERVERS 

- 
AIR L I H  

CAGE - 

RECOVE 

f l o w  
tatic 

PUUPIW 
LLVLL 

198 ' 
198' 
198 ' 
198' 
I98 ' 
198' 
198' 
193' 
198' 
198' 
1%! 
198' 
198' 
198' 
198' 
L98 ' 
198' 
,198' 
198' 
198' 
198' 
198' 
198' 
198' 

96 ' 
56' 
34' 
21 ' 
15' 
14' 
D' 'E 

to 80 
?el 14.1 

M E A 0  O? 
OR8ClC. 
tncnlEs - 
23.5 
23.5 
23.5 
23.5 
23;5 
23.5 

23.5 
23 .5 
23.5 
23 .-5 

23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 
23.5 

23 e-5 

23.. 5 

.L. 

GPM 

307 
307 
307 

307 
307 
307 
307 
307 
307 
307 
307 
307 
307 
307 

307 

RPM 

Date 7-27-79 

OPLRATOR 

emP 

unp Off  
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REPORT NO. *. 1202-8527 
PAGE 1 Of 1 

DALLAS CILCNO. 3934 

LAYNE TEXAS eOMPANY 
ON -:. 
TER WELL TEST DATE 7-30-79 

CUSTOMER LOCATION 

TEST FOR T.H.S. Hospital 

LOCATION 01 WELL 322 Coleman S t . ,  Marlin 

SURVEY ClEl& 

COUNTV Palls  STATE Texas 
DLLCRIPTION 01 U N O  MARKS 

WATER MEASURJNG DEVICE 
ORIFICE 8125 WNGTH 

OTHER 

WELL DATA 
NAME WELL WELL NO. 

CLEVATION DATUM 

WELL SlZL x X 

TOTAL O L R H  lo? SCREKN 

GRAVEL WELL STRAIGWT WELL 

TV?E SCREEN @A& 

TCMPERAIURE OI WATCR 

WATER CONDlTlON- 

TEST PUMP DATA 
DEPTH S W I N G  TOP OF BOWL 

T Y h  BOWL 
LENGTH AIR LINE Slit 

NO. STAGES 
UNGTH UOWL aumon LT. 

WATCR SCMPU TAKE)( NO. eAYPLCII 
~ACTERIOLOGICAL *AM- TAKEN 

DRAWOQWN SPECIFIC CAPACITV- I SAND CONTEN* . e+.. PZR. lo6 GAL. 

ACTIVE &lATlC HEAD AFTER PUMP STOPPED 
L uiic. W. SO MIN. IT. 

10 MIN. 

I O  UIN. 

DATE 
HOUR 

7-31-79 

23 Min. 
1 Hr. 5C 

7-30-79 

12 Mn. 
10 Min. 
33 Min. 
10 Min. 

I W. IS MIN. IT. 

CI. rori i~.  m, 

AIR UNE 
. GAGE. 

Injecl 

21 gpm 
din. @ : 

Cnjectic 

231.66 
168.48 
147.42 
126.36 

ith Hal: 

I .Hallil 

up to : 
up t o  : 

wpr RPM 

iburton 

irton 

10 PSI slowed puml 
IO PSI 

REMARK8 

218 O ~ S ~ R V E R S  
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1 

Box 9469, Houston, Texas 7701 1 (713) 928-5741 

i 

June 25,  1979 

Re: T,H,S. Memorial Hospital 
Marlin, Texas 

Well #1 
S.O. 1202-8527 

Below is a tabulation of depths and their corresponding drift angles 
which we have read and recorded from the Eastman drift indicator discs 
run in above-referenced well: 

Inclination 

Depth De:. 
30' OOo 60' 00 
100' 
200 ' 
300' 00: 
400' OOo 
500' OOo 
600' OOo 
700' OOo 
800' OOo 
900' ooo 1000' ooo 1100' ooo 1200' ooo 1300' OOo 1400' 00 

Min , 
15' 
15' 
10 ' 
10' 
10 ' 
10 ' 
05 ' 
10' 
40 ' 
45' 
30 ' 
20 ' 
15 ' 
15' 
15 ' 
10' 

Depth De:. Min . 
1500' 00- 15' 
1600' OOo 30' 
1700' 00' 10' 
1800' 00: . 10' 
1900' 00 05 ' 
2000' 00: 10' 
2100' ooo 10' 
2200' ooo 10 ' 
2300' OOo 10' 
2400' OOo 10 ' 
2500' OOo 10' 
2600' OOo 10 ' 
2800' ooo 10 ' 
2700' OOo 05 ' 
2900' OOo 05 ' 
3000' 00 10 ' 

219 ,J 
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Logging* 

LM 
Electr ic  

Induction Electr ic  

Lateral Log 

Microlog 

SP 

Gamma 

Gamma Gamma 

Caliper 

Directional 

Temperature 

- 
0-3 8 85 

0-3885 

0-3885 

0-3885 

0-3885 

33 86-3 085 

0-3885 

0-3885 

30-3000 

3386-3885 

L 

*Individual l o g s  are on f i l e  w i t h  Mr. J.D. Norris, Administrator, 
T-H-S Memorial Hospital and with the Texas Railroad Commission, 
Austin, Texas. 
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APPENDIX B: INSTITUTIONAL PERMITS AND APPROVALS 

Included i n  t h i s  Appendix are copies  of t h e  fol lowing 
items: 

DOE Finding of No S i g n i f i c a n t  Impact (FNSI) 

Texas Rai l road Commission (TRC) discharge 
permit fo r  Exception t o  Statewide R u l e  No. 8 
(SWR8) 

Texas A i r  Control Board (TACB) Permit 
Exemption 

EPA New Source Determination 

EPA NPDES Permit Determination 

Texas Department of Health Construct ion 
Approval- 

>& 22s 



Department of Energy 
Washington, D.C. 20585 *. . 

IIiEEi0RAI;DUEi FOR RUTH M. DAVIS 
ASS ISTAIJT SECRETAS FOR RESOURCE APPLICATIONS 

FR0i.i: RUTH C. CLUSEN iGkyL-4 
AS SI STANT SECRE+I1(RY FOR ENVIRONMENT 

SLiZJECT: EIJVIRON5iENTAL ASSESSKENT, DOE/EA-0117 I 

GEOTHERMAL ENERGY, DIRECT HEAT APPLICATIONS 
PROGRAN, TOREETT-HUTCHINGS-SMITH MEMORIAL 
HOSPITAL, PLqRLIN, FALLS COUNTY, TEXAS 
(JULY 1980) AND FINDING OF NO SIGNIFICANT 
1I.i PAC T 

In response to your memorandum of July 23, 1980, the Office of 
Environment has reviewed the subject draft environmental 
assessment prepared in support of the Department's proposal to 
jointly fund the retrofitting of the Torbett-Hutchings-Smith 
Memorial Hospital heating and hot water system to use low-temper- 
ature geothermal fluid as a supplementary energy source. 
Comments previously provided by this office have been accommo- 
dated, and the document is now adequate for publication. 

In accordance with the Department of Energy's responsibilities 
under the National Environmental Policy Act (NEPA), the 
Council on Environmental Quality's NEPA regulations (40 CFR 
Parts 1500-1508), and the Department of Energy's NEPA guidelines 
(45 FR 2 0 6 9 4 ) ,  we have determined, after consultation with the 
Office of the General Counsel, that the proposed action is not 
a major Federal action significantly affecting the quality of 
the human environment. Therefore, an environmental impact 
statement is not required. 

The basis for our determination is summarized in the attached 
"Finding of No Significant Impact," which must be made avail- 
able to the public as specified in Section 1506.6 of the 
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Council on  Environmental Q u a l i t y  regulations, placed i n  
eppropriate DeLsartment of Energy locations for  public inspec- 
t ion ,  and c i i s t r i b u t e d  t o  Federal, s t a t e ,  and local  aGencies as  
well a s  t o  other pa r t i e s  who have expressed an i n t e r e s t  i n  the 
proposed action. Please provide us w i t h  a l i s t i n g  of those t o  
whom these documents were provided so t ha t  we may have a 
record of our public involvement e f for t s .  

Attachments 

Office of he,Gen r a l  \ ,v-B 
Counsel 

Date 
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Finding of b& Significant Impact 

Geothermal Ehergy 
Direct Heat Applications hrogram 

Zbrbett-Hutchings-!Mth Fkmrial Ibspital 
Mrlin, Fa l l s  County, Texas 

?he Deparbnent of Energy has prepared an enviromntal assesmnt, 

#IE/EA-0117, for a proposed action to jointly fund the retrofitting of 

the lbrbett-Hutcliings-Shith bhmrial Hospital heating and hot water 

system to use low-tapratwe geothermal fluid as a supplemental 

energy source. lme proposed site for the geothermal well is in a 

parking lot  adjacent to, and awned by the hospital in down- Marlin, 

T k X a S ,  

A solicitation for proposals for the joint funding of geothermal 

direct heat application projects was issued by the former Energy 

Research and Develogment Agency in the s m r  of 1977. 'i\Jenty-two 

responses were received and evaluated using established criteria for 

their ability to meet the geothermal direct heat applications program 

objectives. lmis project was one of the eight considered to meet the 

program objectives and selected for further oontract negotiations. 

i 

i 
I 
I 
I 

The existing system a t  the Tbrbett-Hutchws-With Manrial Haspital 

uses natural gas-fired boilers produce steam which, in turn, passes 

through heat exchangers into hot water storage t a r h a  These tanks are 

thenrrxtatically controlled for space heatirrg application, and additiondl 

heat exchangers are used to heat the water for laundry and dishwashiq 
i 

applications. 
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?he new system utilizes a geothermal wll southeast of the boiler 

man, a s e t t l i n g  tank for the geothermal fluid, and associated pcarps, 

piping, heat exchangers, an3 mntrols. A heating demand i n  the 

hospital w i l l  result in 65OC (150OF) geothermal fluid flowing through 

new heat exchangers in  the heating system prior to circulating through 

the existing heat exchangers of the hospitdl heating system. 

way the geothermal system acts as either preheat, supplemental heat, 

or replacement heat for the existing system, deperding on the heating 

In this 

demand and desired d e  of operation. -ration is autaMtiwlly 

regulated by the temperature of the water going into the hospital to 

maintain a 54OC (130°F) output temperature to the building. 'lhe 

geothermal system w i l l  provide preheat only for the danestic hot water 

system and is expected to displace 85% of the hospital's current 

natural gas consqtion. %he estimated annual savings is about 10.5 x 

106 cubic feet of natural gas. 

Ihe env i romnta l  issues related to direct heat applications were 

identified and evaluated in an environmental assessment prepared by 

the former Energy Research and Develcpnent ministration (ERw/EIA/ 

m 7 - 2 ,  Hydrothermal Subprqram, Mch 1977). plese included water 

- use, surface and groundwater antamination, and mise. Wse and 

other potential site specific emrirtospnental issues associated w i t h  

this project were analyzed for the w e l l  drilling, pipelhe anstruction, 

heat* system mdification, and fluid disposal aspects of the project. 
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A Fsell wss dril led to a depth of approximately 1040 m (3409 f t )  using 

anventional xr& rotary dri l l ing methods. 

the well prior to cmpletion of this enviromntal  assessnent in order 

to obtain f lu ids  for analysis to assess the environmental effects of 

f l u i d  disposal. 

It was necessary to d r i l l  

After dril l ing,  the w e l l  was production-tested for 48 hours, during 

wfiich time a total flaw of approximately 2.3 x lo6 liters (6.0 x 

lo5 gal) of geothemal f lu id  was produced. ,The Wxas Railroad 

Carmnission granted the hospital a special tenprary permit to discharge 

the produced geothermal f l u i d  directly into the c i ty  stom sewer which 

discharges to a small pond i n  the c i ty  park i n  southvest  Marlin. 

For the actual operation of the retrofit system, the applicant identified 

five alternative methods of fluid disposal: 

c i ty  storm sewer, (2) pretreatment of the f lu id ,  followed by release 

of the treated effluent into the city 's  e n t r a p n t l a k e s ,  *ere it 

wuld becane part of the city's water supply, (4)  discharge into the 

city 's  sanitazy sewers, (5) subsurface injection. Plese alternatives 

(1) discharge into the 

were evaluated on the basis of econanics, technical feasibil i ty,  

and env immnta l  effects. Alternative 81 was preferred, and the 

applicant applied to the Wxas Railroad carrmission for a surface 

discharge permit. 

envimnmentally acceptable and granted the permit. Accordingly, the 

spent geothermdl f lu id  w i l l  be discharged into the c i ty  stom sewer 

Ihe Cmdssion determined that surface dispsal  was 

which empties into City Park take, which errp?ties into Bean Branch ard 

NSullough Slough, hich eventually flaw i n b  the Bra- River. 
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me p r q x ~ ~ 3  azt ivi t ies  coiild result i n  sane minor impacts; W v e r ,  

th2se are mt cmsijcred significant for the following re=%: 

O !&e low withdrawal rate (200 gallons per minute) and the 

location of the producing formations are belaw well-consolidated 

rock, reducing the possibility of subsidence and seismic 

activity during operation. 

O significant effects on water quality i n  the project area 

were mticed during flow testing, or are expected during 

-ration. Geothermal fluid w i l l  be disposed of by discharging 

it into the Marlin City storm sewer. Surface disposal act ivi t ies  

w i l l  be amducted i n  accordance w i t h  the Texas Railroad 

Ocrrrmission discharge permit, *ich requires that discharged 

geothermal resource waters be mnitored and meet apprapriate 

Texas Water Develapnent BoardfEpA-appraved water quality 

standards a t  all tines. 

O Park Lake w i l l  be chemically degraded by surface discharge of 

geothermal water; m v e r ,  the envirorrmental effect of th i s  

degradation is of no amsequence since Park Lake is designed 

as a catchment basin and 110 aquatic l i f e  is deliberately 

mintained i n  it. 

O Air quality impacts resulting fran construction ac t iv i t ies  

w x e  sl ight  and brief and mt detectable Over those for the 

urban setting of the site. 

0 Hydrogen sulfide emissions should not occur during operation 

since there will be no flashing or ventirq of gases. 
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O mere are rn impacts expected fran noise during operation 

because there w i l l  be rm flashing or venting. 

0 fiere w i l l  be rm change in current land use practices. 

O There w i l l  be rn nqat ive  inpact on water use. %E municipal 

water sup?ly was a3equate to meet needs during the construction 
I 
I maser and rn yater w i l l  be required for the geothermal system 

during the operational phase. 

O No historical Sites  or natural  laxharks would be affected by 
, 
I the project. 

Alternatives considered i n  the enviromental assessment include 

abandoning the project, delaying the project; or ming b another 

location. 

Single oopies of the environmental assessment, I 3 0 ~ - 0 1 1 7 ,  are 

available frant 

k. bbert O l i v e r  
Division of -*mal Ehergy 
Office of the Assistant secretary 

for Resource Applications 
U.S. Department of Ehergy 
Mail stop 3344, FED 
mshington, D.C. %683 A 0 9 6 1  
(202) 633-8755 
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rd 
Wr further information a b u t  the envirorrmentdl assessment contact: 

me F. A. WIE 
NEPA Affairs Division 
mfice of Envirorrmental Capliance 

Office of the Assistant Secretary 

Foan 4 0 6 6 4 ,  Fbmstal Wl i ldw 
1000 Indepndence Avenue, SW 
Washington, #: 20585 
(202) 2524610 

and Overview 

€or l3wimnment 

for hvimmsnt 



C A P I ? O L  S T A T I O N  - P.O. D R A W E R  12967 A U S T I N ,  T E X A S  7871: 0 -- 4 .--- (124 S. IH 56  

March -17 , 1980 

J. D. Norr i s ,  Jr. 
Torbet t-IIutchings-Smith Nemorial Hosp i t a l  
322 Coleman S t .  
HarJ.in, TX 76661 

Re: DOCKET NO. 5-74,042 
Disposal  of Geothermal 
Discharge Water 
F a l l s  County, Texas 

G e n  lcmen: 

A t  a formal conference held Eiarch 1 7 ,  1980, t he  Commission approved the 
a p p l i c a t i o n  oE Torbett-Ilutchings-Smith Mzrnorial. Hosp i t a l  for s u r f a c e  dis- 
posa l  of geothermal water from t h e  T-H-S Glell No. 1. 

A formal order is a t tached .  

Yours very  t r u l y ,  

Willis C. Steed 
Senior  S t a f f  Engineer 

WCS : bs 
cc: RRC-Kilgore 

P ro ra t ion  - 5 
P h i l l i p  R. Russe l l  
Jack Welch 
.Mike McClcskey 



FALLS COUNTY, TEICZS 

F I N A L  ORDER 
APPJ:OVINC TILE kPi’LICATJON OF TOHII~TT-llli?’C~II~~GS-SHITIl ~IEHORLAL 

HOSPITAI, FOR SUIGACE DISI’OSAL OF GEOTIIERilAL 
DISCIIAHGt.: WATER 

IN FALLS COUNTY, TEXAS 

The ‘Commission f inrls t h n t ,  a f t e r  s t a t u t o r y  n o t i c e  i n  t h e  above-numbered 
docket ,  heard on Kovcciber 13, 1979, t h e  p re s id ing  examiners have made and f i l c d  
a r e p o r t  and p r o p ~ ~ c a l  f o r  dec i s ion  conta in ing  f ind ings  o f  f a c t  and conclusions 
of law, f o r  which servicc! was waived by p a r t i e s  of record;  t h a t  t h e  proposed 
a p p l i c a t i o n  is i n  compliance wi th  a l l  s t a t u t o r y  requirements; and t h a t  t h i s  
proceeding was d u l y  submitted t o  the  Rai l road  Commission of Texas a t  conference 
he ld  i n  i ts  o f f i c e s  i n  Aust in ,  Texas. 

The Commission, a f t e r  revi.ew and due cons ide ra t ion  of  t h e  proposa i  f o r  
dec i s ion ,  t h e  f ind ings  of f a c t  arid conclusions of law Contained t h e r e i n ,  hereby 
adopts  as i t s  own t h e  f ind ings  of  f a c t  and conclusions of  law contained t h e r e i n ,  
and inco rpora t e s  s a i d  f ind ings  of f a c t  and conclusions of law a s  i f  f u l l y  s e t  
out and s e p a r a t e l y  s t a t e d  he re in .  

Therefore .  i t  is  ordered bv t h e  Rai l road  Commission of Texas t h a t  effective 
Pfarclt 17 9 19 so 1 t h e  a p p l i c a t i o n  o f  Torbett-Hutchings- 

Smith Hernorial Hosp i t s l ,  C i ty  of Marlin,  F a l l s  County, Texas €or  an except ion  t o  
--- 
Gtate.wide Rele 8 <c> (I) (C) be and is hereby approved. This  except ion  w i l l  
pe rmi t  t h e  discharge of geothermal resource  waters  i n t o  t h e  Brazos River  and is  
s u b j e c t  t o  the condi t ion  t h a t  a t  a l l  times discharged geothermal resource  waters  
w i l l  cofiply with t h e  water  q u a l i t y  s t anda rds  e s t a b l i s h e d  by t h e  Texas Water 
Development Board o r  i t s  successor .  

Done t h i s  17th day of  March , 1 9 8 0 .  

RAILROAD COMMISSION OF TEXAS 

CONPI I SS 1 UNEX 



6330 i-i'.'!Y 290 EAST 
AUSTIN. TEXAS 70723 - 

JOHN L. BLAIR 
Chairman 
CHARLES A. JAYNES 
Vice Chairman 

BILL STEWART, P. E. 
Executive h e c t o r  
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OTTO A. KUNZE, Ph. 0.. P. E. 
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Mr. J. D. Norris, Jr., Administrator 

Post Of f i ce  Box 60 
Marl in, Texas 76661 

TORBETT-HUTCH I NGS- S M I  TH MEMORIAL 
HOSP I TAL II 

, I  

Re: Permit Exemption X-2672 
Geothermal Heating F a c i l i t y  
Marlin, F a l l s  County 

Dear Mr. Norr is:  

Th is  i s  i n  response t o  Mr. Ronald Keeney's recent l e t t e r  concerning the 
proposed construct ion o f  a geothermal heating f a c i l i t y .  We understand 
t h a t  the emission o f  hydrogen s u l f i d e  t o  the atmosphere from the dis-  
charged f l u i d  w i l l  be less  than 50 pounds per year. 

Pursuant t o  Section 3.27(a) o f  the Texas Clean A i r  Act, I have deter- 
mined t o  exempt your proposed f a c i l i t y  from the p e w i t  procedures o f  
t h i s  Agency because it w i l l  no t  make a s i g n i f i c a n t  con t r ibu t ion  o f  a i r  
contaminants t o  the atmosphere if constructed and operated as described 
i n  your l e t t e r .  You are reminded t h a t  regardless o f  whether a construc- 
t i o n  permit i s  required, t h i s  f a c i l i t y  must be i n  compliance w i t h  a l l  
Rules and Regulations o f  the Texas A i r  Control Board a t  a l l  times. 

Thank you f o r  prov id ing the informat ion necessary f o r  our evaluat ion o f  
your proposal . I f  you have fur ther  questions concerning t h i s  exemption, 
please contact  #rs. Tammy Meyer o f  our Permits Section. 

Sincerely, 

Executive D i  rec to r  

cc: Wr. Eugene Ful ton, Regional Supervisor, Waco 

232 



PUBLIC tiOT.ICE 

J DEC 1 3  1980 

Appl icqnt: 

Proposed Facil i ty: 

OF 

tiEW SOURCE DETERMINATION 

Torbett-Hutchings-Srsth 
rlemorial , ilospital 

P.0.. BOX 60 
322 Coleman Street 
ESirlin, Texas 76661 

supplement hosp i ta l ' s  heat derived 
from natural gas c o d u s t i o n  with 
heat Gerived fro= geothermal flui6.s 

Location: Marlin, F a l l s  County, Texas 

This  .proposed fac i l  i t y  will require a Nafional Pollutant Dbcharge E l  i m i -  
nation System (NPDES) permit t o  discharge wastewater to  waters o f  the 
United States. EPA hiis made an in i t i a l  determination tha t  this f ac i l i t y  
w i l l  not 'be a new source as defined i n  Section 306 of the Clean b!ater Act. 
Consequently, the applicant will n o t  be required t o  comply w i t h  the en- 
vironmental review procedures of 40 CFR Part 6,' Subpart F. Although the 
environmental impacts of the proposed discharge will be carefully consid- 
ered before action is taken on the permit applicaticn, t h i s  f a c i l i t y  will 
not be' subject t o  environrental inpact statement requi rexnts  and proce- 
dures. Any interested person may challenge EPA's :n!t;.al determination 
tha t  the f a c i l i t y  i s  not a new source by requesting an evidentiary hearinq 
under 40 CFR 122.53(h) w i t h i n  30 days o f  the d a t c o f  thts public nottce. 
For further infomation, please contact:, 

. 

Ms. Kathleen Robinson 
Envlronrnental Protection Agency 
Admi n i s t r a  t i ve Cranch ( 6AEP) 
1201 E l m  Street  
First International Guilding 
Dallas, Texas 75270 
Phone: (214) 767-2765 
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After considering the facts  and the requirements and policies expressed i n  

Public Law 95-217 and implementing regulations, I have determined t h a t  

Parinit No. TX0086321, Torbett-Hutchings-Smith, be issued and effect ive as 

proposed i n  Public Notice dated Elarch 1 4 ,  1981, subject t o  timely c e r t i f i -  

cation (or  waiver thereof) by the s t a t e  cer t i fying agency, provided however, 

t h a t  any condition(s) contested i n  a request for an Evidentiary Hearing 

submitted w i t h i n  30 days from receipt of this  determination as i n  

accordance x i t h  new 40 CFR 124.74 ( 4 5  Fed. Reg. 33498, May 19, 1980) 

may be stayed i f  the request f o r  a Hearing i s  granted. 

Dated: Play 13, 1981 

Enforcement i)<vis.ion (6AE) 
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In compliance with the provisiotls of the Federal Watw l'ollu Lion Coiitrcrl ; \ t a t .  :IS amc*atlccl. 
(33 C'.S.C. 1251 ct. seq; the "ACt"). 

Torbett-Hutchings-Smith 

M a r l  in ,  Texas 
blemorial Hospital 

is authorized to discharge from a facility located at 

322 Coleman Street  
Marlin, Texas 

to receiving waters named 

Brazos River 

in accordance with effluent limitations, monitoring requircmcnts and aLhcc cciritii Lions sc.1 forlh 
in Parts I, 11, and 111 hereof. 

This permit shdl lxcome effective on 

This permit and the authorization to disch-e shall expire at midiiifiht, 

June 14, 1981 

June 13, 1986 

Signed thi. 13th  ily O f  May 1981 

- Director  
Enforcement D iv i s ion  (6AE) 
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A. EFFLUENT LIMITATIONS AND hlONITORING REQUIREMENTS 

During the period beginning e f f e c t i v e  da t e  and lasting through the da te  of  expi ra  ti on 
the permittee is authorized to discharge from outfall(s) serial numhcr(s) 001 

Such discharges shall be limited and monitored by the permittee as specified below:. 

Effluent Characteristic Discharge Limitations Monitoring Requirements 
kgmY (lbs/day 1 Other Units (Specify) 

Measurement Sample 
Daily Avg Daily Max Daily Avg Daily Max Frequcncy 5 P e  

l /day Es ti ma t e  Flow-m3/Day (MGD) t!/A N/A N/A N/A 
Grab 
Grab 

15 mq/l l/month N/A N/A 
N/A 200 mg/l l/month 

Oil and Grease 
COD N/A N/A N/A 

The pH shall not be less than 6.0 standard units nor greater than 9 .  r! standard units and shall be monitored 

Q.0  
l/month by grab sample. 

p4 5 

z= 

There shall be no discharge of floating solids or visible foam in other than trace amounts. 

A t  discharge po in t  001. 

s 4 
2 -  - 

Samplcs taken in compl!nnce with the monitoring requirements specified above shall be taken a t  the following location(s): 

3 ' 0  
0 
Ga cn 
w 
h) 
w 



I PART I 

Y a p  3 of 3 
Permit NO. TXn085321 

.r) B. SCHEDULE OF COMPLIANCE 

1. The permittee shall achieve compliance with the effluent limitations spkified for 
discharges in accordaxe with the following schedule: 

None 

I 

2. No later than 14 calendar days following a date identified in the above schedule of 
compliance, the permittee shall submit either a report of progress or, in the czse of 
cpecifk actions being required by identified dates, a written notice of compliance or 
noncompliance. In the latter case, the notice shall include the cause of noncompliance, 
any remedial actions taken, and the probability of meeting the next scheduled 
requircmcn t. 
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PART I 

4. Test Procedures 

Test procedures for the analysis of pollutants slid1 coirform to rebwlations published 
pursuant to Section 304(g) of the Act, under which sucli proccdtires may be required. 

5 .  Recording of Results 

For each measurement or sample hken pursuant to the requirements of this permit, the 
permittee shall record the f O l l O \ ~ h p  information: 

a. The exaqt place, date, and time of sampling; 

b. The dates the andyses were performed; 

c. Th. person(s) who performed the analyses: 
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PART 1 

PJgC 5 d 9 
Pcriiiit ~ o .  TXOQ86321 

d d. The analytical techniques or methods used; and 

e. The results of all requirced analyses. 

6 .  Additional :\lonilorbig by Permittee 

If the permittee monitors any pollutant at the locatioii(s) des ted hcrcin more 
frequently than rcqiiired by this permit, using approved analytical methods a. spcwificd 
ahovc, the results of such monitoring shall bc includcd in the calculation nnd reporting of 
the valiics riquirrd in the Discharge Monitoring Report Form (EP SO. 3320-1). Skid1 
incrcascd frr?quency shall also be indicated. 

7 .  Rccords Retentioti 

,111 rttcords and infornitltion resulting from the monitoring activiti 
pvrmit including all records of analyses performed and calibration mid' maintenance of 
iiistnimentation and recordinis from continuous monitoring instryme 
rctainctd for a minimunr of three (3) years, or longer if requested 
Adniinistrator or the State water pollution control agency. 

I 
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PART II 

P J ~ C  6 of 9 
Permit NO. TXr)986321 

_- 

I A. h1AXAGEXIENT REQUIHEMENTS 

1. Change in Discharge 

All discharges authorized herein shall be consistent with the terms and conditions of this 
permit. The discharge of any pollutant identified in this permit more frequently than or 
a t  a levcl in cxccss of that authorized shall constitute a violation of the permit. Any 
anticipated facility espansions, production increases, or process modifications which will 
result in new, different, or increased discharges of pollutants must be’reported by 
submission of a new NPDES application or, if such changes will not violate the effluent 
liniitntions spccified in this permit, by notice to the pcrmit issuing authority of such 
changcs. Following such notice, the permit may be modified to specify and limit any 
pollutants not previously limited. 

2. Noncompliance Notification 

If, for any reason, the permittee does not comply with or will be unable to comply with 
any daily maximum effluent limitation specified in this permit, the permittee shall 
provide the Regional Administrator and the State with the following information,. in 
writing, within five (5) days of becoming aware of such condition: 

a. A description of the discharge and cause of noncompliance; and 

b. The period of noncompliance, including esact dates and times; or, if not corrected, 
the anticipated time the noncompliance is expected to continue, and steps being 
taken to  reduce, eliminate and prevent recurrence of the noncomplying discharge. 

3. Facilities Operation 

The permittee shall a t  all times maintain in good working order and operate as efficiently 
as possible all treatment or control facilities or systems installed or used by the permittee 
to achieve compliance with the terms and conditions of this permit. 

4.  Advcrse Impact 

The permittee shall take all reasonable steps to minimize any adverse impact to navigable 
waters resulting from noncompliance with any effluent limitations specified in this 
permit, including such accelerated or additional monitoring as necessary to determine the 
nature and impact of the noncomplying discharge. 

5. Eypassing 

Any diversioii from or bypass of facilities necessary to maintain compliance with the 
terms and conditions of this permit is prohibited, escept (i) where unavoidable to prevent 
loss of life or severe property damegee, or (ii) where excessive storm drainage or runoff 
would damage any facilities necessary for compliance with the effluent limitations and 
protihilions of this pcrmit. The permittee shall promptly notify the Regional 
Administrator arid the State in writing of each such diversion or bypass. 
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PART I I  

6.  Removed Su bstnnces 

Solids, sludges, filter backwash, or other pollutruiU removed in the course of treatment or 
control of wastewatcrs shall be disposed of in a manner such as to prevent any pollutant 
from such materials from entering navigable waters. 

7 .  Power Failures 

In ordcr to maintain compliance with the effluent limitations and prohibitions of this 
permit, the permittee shall either: 

a. In accordance with the Schedule of Compliance contained in Part 1, provide an 
alternative power source sufficient to operate the wastewater control faci'rities; 

or, if such alternative power source is not in existence, and no date for its implementation 
appears in Part I, 

b. Halt, reduce or othenvise control production and/or all discharges upon the 
reduction, loss, or failure of the primary source ot power to the wastewater control 
facilities. 

B. R ESP0 NSI B I LIT1 ES 

1. Right of E n t p  

The permittee shall allow the head of the State water pollution control agency, the 
Regional Administrator, and /or their authorized representatives, upon the presentation of 
credentials: 

a. To enter upon the permittee's premises where an effluent source is located or in 
which my records are required to be kept under the terms and conditions of this 
permit; and 

b. At reasonable times to have access to and copy any records required to be kept under 
the terms and conditions of this permit; to inspect any monitoring equipment or 
monitoring method required in this permit; ;urd to sample any discharge of pollutants. 

0 

2. Tronsfer of Ownership or Coritrol 

In the event of any change in control or ownership of facilities from which the authorized 
discharges emanate, the permittee shall notify the succeeding ottner or controller of the 
existence of this permit by letter, a copy of which shall be forwarded to the Regional 
Administrator and the State water pollution control agency. 

3. Availability of Reports 

Esccpt for dab  determined to be confidential tinder Section 308 of the Act, d l  reports 
prepared in accordance with the t e r m  of this permit slinll be available for public 
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PART t i  

L inspection at the offices of the State water pollution control agency and the Regional 
Administrator. As required by the Act, effluent data shall not he considered confidentia!. 
Knowingly making any false statement on any such report may result in the imposition of 
criminal penalties as provided for in Section 309 of the Act. i 

4. Permit Modification 

After notice and opportunity for a hearing, this permit may be modified, suspended, or 
revoked in whole or in part during its term for cause including, but not limited to, the 
following: 

a. Violation of any terms or conditions of this permit; 

b. Obtaining this permit by misrepresentation or failure to  disclose fully d l  relevant 
facts; or 

c. A change in any condition that requires either a temporary or permanent reduction or 
elimination of the authorized discharge. 

5. Toxic Pollutants 

Notwithstanding Part 11, B-4 above, if a toxic effluent standard or prohihition (including 
any schedule of compliance specified in such effluent standard or prohibition) is 
established under Section 30’7(a) of the Act for a toxic pollutant which is present in the 
discharge and such standard or prohibition is more stringent than any lir.iitation for such 
pollutant in this permit, this permit shall be revised or modificd in accordance with the 
toxic effluent standard or prohibition and the permittee so notified. 

6 .  Civil and Criminal Liability 

Except as provided in permit conditions on “Bypassing” (Part 11, A-5) a r ~  “Power 
Failures” (Part 11, A-7), nothing in this permit shdl be construed to relicve the pt Tit tee  
from civil or criminal penalties for noncompliance. 

7. Oil and Hazardous Substance Liability 

Nothing in this permit shdl be construed to preclude the institution of any legal action or 
relieve the permittee from m y  responsibilities, liabilities, or penalties to which the 
permittee is or may be subject under Section 311 of the Act. 

8. State Latus 

Nothing in this permit shdl be construed to preclude thc institution of any legal action or  
relievc the permittee from any responsibilities, liabilities, or pnalties established pursuant 
to any applicable State law or regulation under autbority preserved by Section 510 of lhc 
Act. 
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I Permit No. TXW6321 

9. Property Rights 

, The issuance Qf this permit does not o n w  any property rights in either red br personal 
property, or m y  exclusive privileges, nor does it authorize any injury to private property 
or any'invasion of personal rights, nor any infringement of Federal, State or local laws or 
RgUlatiOtlS. 

10. Severability 

The provisians of th,k permit are severable, and if any provision of this permit, or the 
application of m y  provision of this pcrmit to m y  circumstance, is held'kivdid, the 
applicgtion of such provision to other circumstances, and the remainder of this permit, 
shdi not be affected thereby. 

PARTIII 

OTHER REQUIREMgNTS 
1 
I I The "daily average" concentration means the arithmetic average (weighted 

1 dur ing  a calendar month. Caily determinations o f  Concentration made 
i using a composite sample shall be the concentration o f  the composite 

sample. Hhcn grab samples are used, the daily determination o f  concen- 
tration shall be the arithmetic average (weighted bv f l o w  value) of a l l  

i the samples co1,lected durin t h a t  calendar day. 

I by flow value) o f  a l l  the daily deterninetions o f  concentration made 
I 

I 
I 
1 The "daily maximum" concent t ion means the daily determination of con- 

centration for  any calendar da9. 

The conditions applicable t o  a l l  permits under 40 CFR 122.7, 122.15, 
122.60, 122.61 and 122.62 (as promulgated i n  the Flay 19, 1989, Federal 

I 
I 
I 
I 
I 
I 

I any tnconsistent requ 

I 

I Register) are hereby incorporated i n t o  this petmit and prdvail over 

i 

I 
~ 

~ 

j 
~ 

1 
1 
I 
i 

41 i 
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Texas Department of Health 

Robert Bernstein, M.D.. F.A.C.P. 
Commissioner Austin, Texas 78756 Deputy Commissioner 

1100 West 49th Street A.M. Donnell, Jr., M.D., M.P.H., F.A.C.P. 

(512) 458-7111 

May 15, 1981 

Mr. Tom Green 
Radian Corporation 
P. 0. Box 9948 
Austin, Texas 78766 

Subject: Torbett-Hutchings-Smith Hospital P517 
Mar 1 in , Texas 
W C  - AH80-0401-021 

Scope: Geothermal Heating System Project 
and Energy Management System 

Dear Mr. Green: 

Your letter of disposition dated May 11, 1981, submitted to this office for 
Torbett-Hutchings-Smith Hospital, Marlin, Texas, has been reviewed by Mr. 
Zenon A. Pihut, Engineer, and appears to meet the requirements of the 
Hospital Licensing Standards. 
this office as required under Article 4437f, Vernon's Civil Statutes. 

This review is based upon the Hospital Licensing Standards and Life Safety 
Code Standards. 
approval of the structural stability or mechanical integrity of this facil- 
ity, nor should it meantfiat appropriate action from the Health Facilities 
Commission is unnecessary for this project. Any item not covered by this 
review that is contrary to the above mentioned standards does not mean the 
waiver of these standards. 

This letter will serve as the approval from 

In no way should this review be construed to mean the 

Please advise this agency in writing when construction of this project began 
and also inform us when the project will be complete for a final inspection. 
ft Will be necessary to inform us three weeks in advance of the completion 
date 5x the inspection. We also request that you. submit quarterly reports 
showing work' in progress and the work plan for the. ensuing quarter. 

Any changes relative to the structural, mechanical, electrical, plumbing 
and heating, ventilating and air conditioning shall be submitted to this 

2 4 4  



Mr. Tom Green 
Torbett-Hutchings-Smith Hospital 
Page 2 

May 15, 1981 

J office for approval. 
relating to this project, please contact Mr. Zenon A. Pihut. 

Sincerely, 

If you have any questions regarding the standards 

m Walter L. Dick, Director 

Hospital Licensure & Certification Division 

n D l j  Im 

cc: Mr. J. D. Norris, Jr., Administrator 
Mr. Ben Markowski, Fire Marshal 
Texas Health Facilities Commission 
State Health Planning & Resource Development 
Public Health Region 6 

6 .  
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APPENDIX C: ACCEPTANCE TEST REPORT 

Included h e r e i n  is a copy of t h e  Acceptance T e s t  r e p o r t  
for t h e  T-H-S Memorial Hospital  Geothermal Heating System. The 
r e p o r t  details  t h e  procedures and results of the f i n a l  i n spec t ion  
conducted by Radian Corporation engineers. Also included are 
communication6 between Radian Corporation and T-H-S expla in ing  
t h e  Acceptance Test. 
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82-212-300-X 

L 

27 Apr i l  1982 

Mr. J. D. Norris,  Jr., Administrator 
T-H-S Memorial Hospital  
P.O. Box 60 
Marlin, TX 76661 

RE: Geothermal System Acceptance T e s t  Procedure 

Dear J.D.: 

Since t h e  originally-contracted por t ion  of t he  geothermal system is 
completed and Lochridge-Priest has been paid (es tab l i sh ing  a Beneficial  
Use Date of January 26, 1982 and a one-year warranty period),  It is 
time t o  accomplish the  formal acceptance by the  T-€I-S Hospi ta l  of t h e  
constructed system. As your geothermal consul t ing engineers,  it is  
our job  t o  show you that your geothermal system has been constructed 
and operates  per  t he  spec i f ica t ions .  This procedure is analogous t o  
an engineer 's  c e r t i f i c a t i o n  t h a t  a monthly construct ion invoice is 
v a l i d  before you s ign  it of f  f o r  payment. 

We w i l l  work with you t o  accomplish t h i s  necessary e f f o r t  via t h e  
referenced procedure. Tom Green has prepared t h e  procedure and he and 
Al Ferguson have already taken much of t h e  a c t u a l  data .  Tom w i l l  sit 
down and d iscuss  the  procedure with you on Apr i l  28th. W e  need you t o  
accompany Tom throughout t h e  e n t i r e  system so he can show you that it  
is a l l  i n s t a l l e d  and operates  properly. 
these tests that the  system is operat ional .  
provide t h e  b a s i s  f o r  you t o  s ign  of f  thus accepting the  i n s t a l l e d  
system. We w i l l  note  any de f i c i enc ie s  that need correct ing.  
t he  r e spons ib i l i t y  of ' lochridge-Priest  t o  cor rec t  these  def ic ienc ies  
as they have s ince  your Beneficial  Use Date. 

Radian w i l l  c e r t i f y  through 
This procedure w i l l  

It is 

Natural ly ,  any Change Orders not  y e t  accomplished--such as the  Btu 
M e t e r - w i l l  be addressed separately.  
does not  a f f e c t  t he  warranty period. 
request  is approved, w e  w i l l  be a b l e  t o  provide some 130 man-hours of 
assistance t o  you t o  solve operat ing problems, o r i en ta t ion  and 
in s t ruc t ion  of your maintenance men, etc. up u n t i l  t h e  end of our 
subcontract i n  January 1983. 

This Acceptance T e s t  Procedure 
When our add i t iona l  funding 

8501 Mo-Pac Blvd. I P.O. Box 9948 I Austin, Texas 78766/ (512)454-4797 
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Mr. J. D. Norris,  Jr. 
27 Apri l  1982 
Page 2 

L e t  m e  a l s o  cal l  t o  your a t tent . ion that t h e  EPA discharge permit 
requi res  monthly measuring of t he  chemical oxygen demand (COD) as 
w e l l  as oil and grease levels in t he  geothermal discharge. If 
City o t  t he  Texas Department of Health cannot do t h i s  for you, 
bel ieve your own l a b  could set up t o  do it. 

If I can answer any questions,  please give m e  a 

Best regards,  

Marshall F. Conover, P.E. 
Program Manager 

MFC/lmd 
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ACCEPTANCE TEST CERTIFICATION FOR 
T-H-S MEMORIAL HOSPITAL GEOTHERMAL 

HEATING SYSTEM 

During April 1982, Radian conducted a thorough exam- 
ination of the installation and operation of the T-H-S Memorial 
Hospital Geothermal Heating System. These Acceptance Tests 
were performed by Radian's Tom Green and Alan Ferguson with 
assistance being provided by Lochridge-Priest's Steve Hennick 
and 3ohnson Controls' Charlie Miller. 
Hospital engineer) was periodically apprised of the procedures 
and was present during some of the tests. 
step by-step verbal orientation of the geothermal system, 
including maintenance and troubleshooting tips, was provided 
for the T-H-S engineering pkrsonnel. 

T.E. Alexander (T-H-S 

Additionally, a 

As documentea in the attached Tables 1, 2, 3, and 4, 
the following items were included in the Acceptance Test 
inspect ion : 

Geothermal Well Head 

Variable Frequency Drive (VFD), all modes of 

0 Backpressure valve 

0 

operation 

Geothermal piping pressure relief valve 

Geothermal overpressure alarm and automatic system 
shut down 

BTU meter 

Adequacy of CPVC (plastic) piping supports 

Installation of suitable dielectric coupler on 
PHX-1 to prevent galvanic corrosion 
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0 SHW override controls for geothermal heating bypass 
1 

on Converter 2 

SHW flow rates under heating conditions 

Sequencing of PHW control valves with backup 
heating (steam, electric, or gas) in all ten AHU 

0 

0 

I 
I 
1 

Flow balancing in entire PHW system, including 

0 Automatic makeup to PHW system 

Automatic controls for PHW pumps F, G, H, I 

Based on this Acceptance Test procedure and Radian's 

all ten AHU 

previous inspection during the installation of the equipment, 
we certify that the following actions are the only ones which 
need to be accomplished by Lochridge-Priest in order to complete 
proper installation of the geothermal system. 

1. Remove and calibrate all existing thermometers 
installed as part of geothermal system (replace 
broken one), and reinstall using glycerine in the 
thermowells. Consult Radian for quick calibration 

i ! procedure. 

2 .  Remove and calibrate all existing pressure gauges 
installed for geothermal system and reinstall. 
Consult Radian for ration procedure. Replace 
inoperable and abse uges at PHX-4. 

3 .  Replace broken handle or appropriate valve parts 
to valve 268 (automatic air vent valve near PHX-4). 

4. Return faulty circuit board(s) from VFD spare 
parts kit to factory for repair or replacement. 

4. Return faulty circuit board(s) from VFD spare 
parts kit to factory for repair or replacement. 
Deliver replacement(s) to job site. 
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5. 

6. 

7. 

8 .  

9. 

10. 

11. 

12. 

Install three additional CPVC piping supports. 
Consult Radian for locations. 

Label all controls in G.E. room. 

Bell and Gossett differential pressure meters 
(Model RO-5) supplied with project give neither 
satisfactory accuracy nor repeatability. These 
meters should be returned and replaced with a 
meter such as Dwyer Capsuhelic Differential 
Pressure Gauge, Model 4300.  
insert assembly from RO-5 meter for use with Dwyer 
meter. 

Retain pressure needle 

Label conductance monitor alarm signal (light) 
above G.E. room door. 

Eagle Eye meter is not sufficiently sensitive to 
measure SHW flows. 
meters such as Dwyer Flex Tube U-Tube Manometers 
with 16 in water column (WC) range, Model 1223-16-W. 

Provide two other suitable 

Readjust AHUs 2 and 6 (steam valve spring range 
or control settings) so that a 0.5 to 1.0 psig 
"dead band" exists between the PHW valve full open 
position and the steam valve just opening. 

Recheck AHU-1 control pressure sequencing. 
7 psig dead band appears out of sync when comparing 
with other dead bands. 

The 

Check problem reported by operator (TEA) on 
4/22/82 with AHU-9 second stage heating. 

L 
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J 
Additional documentation for these action items is available 
in the attached tables. These tables also present supplemental 
O&M data for the T-H-S Hospital engineering personnel. 

With the exception of items 10, 11, and 12, Radian is 
satisfied and therefore certifies that the geothermal system is 
operating as designed and as intended. Items 1 through 9, while 
they will not impact system operation, are vital steps which 
should be taken to assist future maintenance and troubleshooting. 

Radian recommends that the T-H-S Memorial Hospital 
officially accept the Geothermal Heating System via signing the 
system ackeptance below and forwarding a copy to Lochridge-Priest. 
It is understood by all parties that this acceptance is contingent 
upon Lochridge-Priest's timely completion of the twelve afore- 
mentioned actions. Of course, T-H-S's acceptance does not impact 
outstanding ECOs (such as the BTU meter), the Lochridge-Priest 
warranty, or outstanding Records for Owner. 

Certified by: 
' Dite 

Radian Corporation 

-7 - 7  / ,c 3 

)I' 

Accepted by: \ c , . ,@CC- 
L ,  

J.D. Norris,lJr. Date 
Administrator 
T-H-S Memorial Hospital 

id 
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TABLE 1. GEOTHERMAL EQUIPMENT ROOM ACCEPTANCE TEST SUMMARY 
(ADDITIONAL G.E. ROOM DATA IN TABLES 2, 3 ,  and 4 )  

DATE COHPON ENTS 

4/23/82 Thennometers 

4/23/82 Pressure 
Gauges 

PROCEDURE 

Conducted rough calibration 
of all thermometers in C.E. 
room 

Conducted rough calibration 
of all pressure gauges 

4/23/82 VFD Automatic Verified temperature for 
Control minimum speed control 

4/8/82 Geothermal 
Pressure 
Relief Control 

4/23/82 BTU Meter 

Checked to see that PRV 
opened at approximately 
60 psig and that it 
simultaneously triggered 
overpressure alarm system 

Verified planned repair 
action (previously checked 
operation of BTU meter on 
4/8/82 and 4/14/82) 

4/23/82 Ball Valve AAV valve near PHX-4 has 
to Automatic broken handle (valve no. 268) 
Air Vent 

RESULTS 

Some thermometers several degrees 
(5.F) out of calibration. True 
calibration not achievable because 
thermometer sockets could not be 
removed from thennowells (one 
thermometer broke when trying). 
Thermometers and thermowells do 
not appear to mate properly, and 
thermometers used do not conform 
to specs (see p. 1502-3 in specs). 

Pressure gauges were generally 
close and were set so pressure 
differential could be accurately 
read. On PHX-4, one gauge missing 
and one not working: 
working probably due to either bad 
gauge or bad diaphra m seal. 
or repair as approprtate. Calibrate 
replacements. 

VFD achieves minimum speed at the 
126 to 130'F range. More precise 
control settings are not possible 
until thermometers are calibrated. 
(Maximum speed control temperature 
cannot be verified without large 
heating loads. ) 

Readjusted PRV to open and trigger 
alarm at 65 psig. 
incorrectly set at approximately 
85 to 90 psig. 
reset after adjustment. Lochridge- 
Priest has since remedied. 

BTU meter has not worked since 
installed. Apparently problem is 
with hardware shipped from factory. 
Once appropriate parts are received 
from factory. BTU meter will be 
removed from system and returned 
for warranty repair. Calibration 
curves for BTU meter still not 
received. 

the one not 

Replace 

PRV had been 

PRV did not properly 

ACTION ITMS 

Remove and calibrate all exist- 
ing thermometers installed as 
part of geothermal system (re- 
place broken one), and reinstall 
using glycerine in the thermo- 
wells. Consult Radian for quick 
calibration procedure. 

Remove and calibrate all 
existing pressure gauges 
installed for geothermal 
system and reinstall. Consult 
Radian for calibration 
procedure. Replace inoperable 
and absent gauges at PHX-4. 

VFD minimum speed control 
acceptable as in current 
operation. No further action 
recommended. 

PRV setting and system over- 
ride operating acceptably. 
No further action required. 

Obtain certified BTU meter 
calibration curves and submit 
for approval. Further action 
to be determined at time of 
reinstallation and checkout. 

Replace broken handle or 
appropriate valve parts. 
to valve 268 (automatic air 
vent valve near PHX-4). 

c 
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TABLE 1. GEOTHERMAL EQUIPMENT ROOM ACCEPTANCE TEST SUMMARY 

(ADDITIONAL G.E. ROOM DATA IN TABLES 2, 3 ,  and 4)  
(Continued) 

DATE - 
4/8/82 

COMPONENT ACTION ITEMS 

No further action required. 

PROCEDURE RESLZTS 

Dielectric flange installed. Dielectric 
Coupler for 
PHX- 1 

Verified installation of 
flange kit to prevent gal- 
vanic contact between copper 
pipe and stainless steel 
heat exchanger 

Reset backpressure setting 4 i a i a 2  Claval Back- 
pressure Valve 

VFD Amperage 

Adjusted valve to provide approx- 
imately 9 psig backpressure at the 
discharge of PHX-4 at flow rate of 
40 gpm as determined by the BTU 
meter (previously set for 15 psig 
backpressure!. 

No further action required. 

Checked VFD amps eross-line 
and at 60 Hz. 

Checked reasons for VFD not 
working in AUTO position 

VFD amps cross-line - 18 
VFD amps @ 60 Hz - 20 

Determined that proper control 
signal was being received by VFD. 
and that problem was in VFD. 
Lochridge-Priest has since 
remedied problem. 

No further action required. 

Return faulty circuit board 
from VFD spare parts kit to 
factory for repair or 
replacement. Deliver replace- 
ment(s) to job site. 

No further action required. 

VFD Automatic 
Operation 

Geof luid 
Sampling Valve 

Wellhead J-Box 

4/8/82 Placed note on pipe adjacent 
to sampling valve 

Note reminds operator to purge 
valve prior to taking geofluid 
sample. 

Checked for HIS corrosion of 
copper wire 

Found no evidence of corrosion. 
Placed short bare piece of copper 
wire in J-Box. Wire should be 
checked periodically by operator 
for evidence of corrosion. 

CPVC lines discharging PHX-2.3. 
and 4 could probably benefit from 
additional support at the "elbows". 

All modes working properly. Under 
AUTO control, VFD speed follows 
heating demand. Manual and cross- 
line operation also proper. 

Several contro1,instruments in G.E. 
room were not labeled. Instructed 
Johnson Controls to label appro- 
priately. 

All necessary equipment installed 
and operating. 

Periodic operator checks are 
only further action required. 

CPVC Piping 
Supports 

VFD 

Checked for possible need 
for additional CPVC piping 
supports 

Checked all modes of VFD 
operation 

Install three additional CPVC 
piping supports. Consult 
Radian for locations. 

No further action required. 
(Note spare parts replacement 
above. ) 

Label all controls in G.E. room 41 w a 2  Con t ro 1 s Controls labels in G.E. room 

4/28/82 No further action required. Geothermal 
Well Head 

.Checked for completed 
installation 



DATE 

GI 281 82 

COMPONENT 

Steam Valves 
to Hot Water 
Generators 

DHW Circula- 
tion Pump E 

DHW Circula- 
tion Pump E 

4 I 8 18 2 c "Uni loc " 
4/23/82 Conductance 

Monitor 

TABLE 2. DHW SYSTEM ACCEPTANCE TEST SUMMARY 
(BOILER ROOM AND GEOTHERMAL EQUIPMENT ROOM) 

PROCEDURE RESULTS ACTION ITEMS 

Set steam valves for HWG-1 HWG-1 steam valve setting - 0 .  Suitable control. No further 
and HWG-2 HWG-1 temperature at 0 setting - action required. 

114'F (Pump E OFF). NOTE: HWC steam valves should 
HWG-2 steam valve setting = 9 b e e s e t  only in "emergency" 
HWG-2 temperature at 9 Setting = conditions. 
124'F (Pump E OFF). 

Pump E set point at 135'F. 
HWC-1 temperature = 134'F (steam 
valve OFF). 
HWG-2 temperature - 132'F (steam 
valve OFF). 

Verified set point and 
results 

Suitable set point and control 
No further action required. 

Reset circuit setter balance 
valve 

Balance valve setting - 38'F. 
Balance valve pressure drop = 

Instructed operator (T.E.A.) on 
how to reset if hot water infiltra- 
tion into cold lines continued. 
Future resetting by operator should 
be documented herein. 

15.5 ft of H20. 
GPM = 38. 

Bell and Gossett differential 
pressure meters (Model RO-5) 
supplied with project give 
neither satisfactory accuracy 
nor reueatability. These meters 
should be returned and replaced 
with a meter such as a Dwyer 
Capsuhelic Differential Pressure 
Gauge, Model 4300. Retain 
pressure needle insert assembly 
from RO-5 meter for use with 
replacement meter. 

Verified calibration and 
checked operation 

DIIW make up conductivity per 
Uniloc - 290 vmho-cm. 
DHW makeup conductivity per 
Radian instrument = 285 mho-cm. 
Activated Uniloc on high alarm: 
all three alarm lights functioned. 
Pumps E and D shut down, and 
valves in C.E. room bypassed PHX-1. 
Label on high alarm light at G.E. 
room is missing. 
Activated low alarm: single alarm 
light on panel came on. 
Set high alarm for 620 pmho-cm, low 
alarm for 120 pmho-cm. Operation 
satisfactory. 

Label conductance monitor 

alarm room door. signal Operation above G.E. 
satisfactory. 



DATE 

4/23/82 

41231a2 

4/23/82 

4/23/82 

4/22/82 

COMPONENT 

Control Valve 
for SHW-2 
Circuit 
(2-Pipe) to 
PHX- 2 

SHW-2 Control 
Valve Override 

Annubar Flow 
Sensor on SHIJ 
Line to PIIX-2 

Control Valve 
for SHW-1 
Circuit 
(3-Pipe t o  
PHX-3 

Annubar Flow 
Sensor in SHW 
Line to PHX-3 

TABLE 3 .  SHW SYSTEM ACCEPTANCE TEST SUMMARY 
(PENTHOUSE AND GEOTHERMAL EQUIPMENT ROOM) 

PROCEDURE RESULTS ACTION ITEMS 

Checked sequencing of SHW Control pressure when SHW valve Control pressures show that 
control valve and steam just opening = 4 psig. 
valve via checking pneumatic Control pressure when SHW valve 
control pressures full open = 8 psig. cannot maintain load. No 

Control pressure when steam valve 
just opening - 8.5 psig. 
Override controls had been improperly 

steam is being properly 
sequenced only after geothermal 

further action required. 

No further action required. Check to ensure override 
was functional (override wired. Johnson Controls rewired 
controls bypass PHX-2 if and checked operation. Johnson 
SHW return temperature is reported proper operation. 
greater than GF supply 
temperature) 

Checked flow rate in SHW-2 Although flow detected via observing Eagle Eye meter is not suffi- 
circuit with all flow going equalization of SHW temperatures at ciently sensitive to measure 
to PHX-2 PHX-2. no flow could be detected SHW flows. Proviae two other 

using Annubar and portable Eagle- suitable meters such as b y e r  
Eye meter. (Controls overridden Flex Tube U-Tube Manometers 
to produce flow.) on 4/28/82. 
Radian checked flow with manometer. ranpe, Model 1227-16-W. 
Results below. 

with 16 in in water culumn 

Annubar 
Diff. 

Pump on Pressure Flow Rate 

3 only 2.5 in H2O 90 gpm 
3 and 4 4.25 in H,O 120 gpm 

Checked sequencing of SHW 
control valve and steam 
valve via checking pneumatic 
control pressures 

Control pressure when SHW valve 
just opening = 3 psig. 
Control pressure when SHW valve 
full open - 7 psig. 
Control pressure when steam valve 
just opening = 8 psig. 

Control pressures show that 
steam is being properly 
sequenced only after geo- 
thermal cannot maintain load. 
No further action required. 

Checked flow rate in 
SHW-1 circuit 

No results since all (or most) 
valves at induction units are closed 
to heating, resulting in no heating 
water circulation. Data to be 
taken by operators beginning next 
fall. 

Because Eagle Eye meter is not 
sensitive enough, the second 
(Dwyer) manometer above should 
be installed to measure SHW-1 
flow rates. 



TABLE 4 .  PHW SYSTEM ACCEPTANCE TEST SUMMARY 
(PENTHOUSE AND GEOTHERMAL EQUIPMENT ROOM) 

DATE COMPONENT PROCEDURE 

4/8/82 All primary heating Checked for proper 
water (PHW) control controls sequencing 
valves between PHW valves 

and backup heating 
(either steam, 
natural gas, or 
electric) 

4/8/82 
412318 

ACTION ITEMS RESULTS 

Control Control Control Readjust AIlUs 2 and 6 
Pressure Pressure Pressure 
When PHW When When Steam range or control 

(steam valve spring 

Valve Just PHW Valve Valve Just settings) so that a AHU Opening Full Open Opening 0.5 to 1.0 psig "dead 
band" exists between 

1 
2 
3 
4 
5(4/23) 

6 
8 

AHU 7: 
AHU 9 :  

AHU 10: 

16.5 psig 13.5 psig 6.5 psig 
13 9 9 
13 9 8 
13 9 7 
16 13 11 (stm reheat) 

13 9 9.5 
14 10 7 

PHW valve opened on first stage heating 
PHW valve opened on first stage heating. 
gas furnace activated on second stage 
heating 
PHW valve opened on first stage heating, 
pas furnace activated on second stage 
heating 

7 (stm preheat) 

the PHI1 valve full open 
position and the steam 
valve just opening. 

Recheck AHU-1 covtrol 
pressure sequencing. 
The 7 psig dead band 
appears out of sync 
when comparing with 
other dead bands. 

Check problem reported 
by operator (TEA) on 
4/22/82 second stage with APU-9 heating. 

Circuit 
Circuit Setter 
Setter Pressure 

NOTE: Balance cock 
(currentlv Dainted 

g Position Drop Flow Rate 

& All primary heating With contractor's 

Lochridge-Priest) 
balanced PHW 
flow to all 
heating coils via 
checking circuit 
setter balancing 
valve and balancing 
cock. (Steve H. 
with L-P balanced 
AHUs 1, 4, 8.  9 .  
10 and reported 

with Radian) 

2 water heating coils help (Steve H., 

results to Tom C. 10 10' 12 

blue in mbst PHW 
circuits) should not 
be reset. 

1 19' 3 ft HZ0 41 gpm 
2 34' 16 45 

4 14' 3 47 need to be closed, 
21 45 reset according to 

3 33' 16 47 If circuit setters'ever 

schedule at left. 5 37" 
6 14' 23 70 

1.7 19 Resulting flows are 
satisfactory. No 7 2' 

8 23' 6 46 further action 
9 18' 6 33 required. 

34 bypassing 
AIlU-10 
(18 gpm to 
AHU-10) 



TABLE 4 .  PHW SYSTEM ACCEPTANCE TEST SUMMARY 
(PENTHOUSE AND GEOTHERMAL EOUIPMENT ROOM) 

(Continued) 

DATE COMPONENT PROCEDURE - .RESULTS 

4 / 2 3 / 8 2  PHW automatic Verified control pressure Pump cycles on if compression 
tank pressure falls to 22 psig. 
Pump cycles off when pressure 
reaches 25 psig. 

makeup pump settings for automatic 
makeup into PllW system 

4 / 2 3 / 8 2  Automatic pump Reset OA temperatures Pump Controls reset to accommodate 
start controls for which start pumps system operation under energy 
PHW pumps F. G, H, 
and I 

conservation control system. 
PumD G now oDerates below apvrox- 
ima'tely 50 F'OA. and Pumps F, H. 
and I operate below approximately 
65 F .  Actual settings below. 

OA OA P-E 
Pump Temp On Temp Off Setting 

F.H.1 66 (OA 68 (OA 12 
falling) rising) 

10 G 49 (QA 52 (OA 
falling) rising) 

ACTION ITENS 

Controls operating 
satisfactorily. 
No further action 
required. 

Because AHU 2,3.5. 
and 6 operate with 
different discharge 
temperatures under 
energy conservation 
controls (55'F rather 
than previous 65'F), 
the control sequence 
was reset as shown to 
left. This control 
satisfactory. No 
further action required (m: This 'control is 
sequence is different 
than that shown in 
Radian's Operating 
Manual and system 
specs. Disregard old 
sequence.) 
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Radian Contract No. 212-300 

GEOTHERMAL FACILITY INSPECTION REPORT 

Where : THS Metaorial Hospital - Marlin, TX 
What: Geothermal Fluid/Domestic Hot Water Plate and Frame 

Heat Exchanger 
When : 15 July 1982 
Inspector: Peter F. Ellis 

The HX is a Trantor Superchanger with washboard con- 
figuration Type 316 stainless steel plates. 
in service in mid-January 1982 and was shut down on 15 July for 
the inspection. 
the HX was drained and opened. 

The unit was placed 

After the HX temperature had dropped to 100°F 

Gross Examination Results 

The geothermal side of the plates was found to be 
essentially free of deposits and shiny (metallic) in appearance. 
There was an extremely thin gray-black film or discoloration in 
a "trickle down" pattern from the inlet ports. 
slightly tenaceous--but rubbed off easily with a sampling stick. 
A very small sample was collected for EDS examination. 

This film was 

Small flakes of blue material--it looked like paint-- 
were also found on the geothermal sides of a number of plates. 
A small sample was collected. 

The domestic water (DW) surfaces were covered with a 
thin tan film. 
through this film. The film wiped off easily with the fingertip 
and had an oily or slippery feel when wet. 
were also found, and there was a small amount--perhaps a gram or 
two--of particulate crud lodged against the gaskets at the bottom 
of the DW side of the HX plates. 

The metallic sheen of the HX plates was visible 

Some sand particles 

A sample was collected for 
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i d 
I 

fu r the r  examination. It w a s  t en t a t ive ly  concluded t h a t  the t an  
f i l m  w a s  s i l t  from the  c i t y  w a t e r  supply. 

Detailed Examination of One P la t e  

A s ing le  p l a t e  w a s  removed a t  random f o r  de t a i l ed  
examination. Whole-face and closeAup photographs were taken of 
each s ide .  
due t o  the  s i l t  deposi ts .  

The DW s i d e  photographs should have a tannish c a s t  

On each s ide  of t he  p l a t e ,  an area of about one square 
foo t  w a s  cleaned with detergent  and water. 
treatment,  both the  black geothermal f i lm  and the tan  DW f i l m  
wiped off  r ead i ly  with a s o f t  c lo th .  

With t h i s  cleaning 

Locations on each s i d e  of t he  p l a t e  w e r e  then examined 
microscopically using Radian's portable  metallograph. 
t i ons  of 50X t o  400X w e r e  used. The metallograph w a s  a l so  equipped 
with an o p t i c a l  depth gauge capable of measuring height  d i f fe rences  

Magnifica- 

of 0.1 m i l .  

On the  geothermal s ide ,  loading o r  contact  points--  
where t h e  r idges  of one p l a t e  press  on r idges ( a t  r i g h t  angles) 
on the next  plate--were r ead i ly  apparent t o  the eye. 
points  were about t he  size of a period. Close v i su  
of t he  p l a t e  surface revealed no other  fea tures .  F 
points  were washed with 15% HN03 and examined microscopically:  

Point  1: There w a s  much mechankal  smearing of the  
p l a t e  surface he contact  point .  One area remained 
darker  than t h  rrounds a f t e r  the  HNO 
area showed a depth of less than 0.1 m i l ,  though s l i g h t  
depth w a s  evident  a t  400X. It could represent  a point  
of i nc ip i en t  crevice corrosion,  o r  may be only a region 
of d i f f e r ing  albedo due t o  difference i n  surface texture .  
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Points 2, 3 ,  and 4: Like Point 1, there was a mechani- 
cally smeared area and dark spot at each contact point. 
The dark spots--which were resistant to HN03 cleaning-- 
had no visible depth even at 400X. 

L 

Several spots of black film were visualized. They had 
a thickness of 0.1-0.5 mil. 

Away from the contact points, the surface had an 
"orange peel" appearance typical of rolled stainless steel. 
Examination of a non-wetted surface of the plate showed an 
identical surface. 

On the DW side, close visual examination showed dis- 
tinctive marks at the contact points. The appearance was similar 
t o  the geothermal side. 
other features. 

The close visual examination showed no 

Four contact points were cleaned with HN03 and examined 
microscopically. All were quite similar in appearance. Each 
showed a dark spot with no detectable depth even at 400X, and 
some mechanically smeared metal. 

Away from the contact points, the plate surface showed 
an "orange peel" texture identical: with a non-wetted portion of 
the plate. 

Conclusions: 

No evidence of mineral deposition (scaling) was 
found . 
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No corrosion of the plates was evident. In parti- 
cular: 

--Microscopic examination at 400X disclosed no 
persuasive evidence of localized corrosion even 
at the interplate contact points; an area of 
maximum risk for this form of corrosion. 

--The microscopic appearance of the plate surfaces 
was typical of rolled stainless steel. The 
appearances of the plate surfaces which had been 
wetted with geothermal 
were no different than 
dry. 

fluid or domestic water 
areas which had remained 
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Radian Contract No. 212-300 
9 August 1982 

THS GEOTHERMAL HEAT EXCHANGER INSPECTION 
DEPOSIT ANALYSIS REPORT 

by Peter Ellis 

b 

During the inspection of 15 July 1981, deposit samples 
were collected from the geothermal and domestic hot water surfaces 
of the plates of HX 1. The geothermal side sample consisted of 
two black flakes, each about the size of a period punctuation 
hiark. These particles were not magnetic. The sample from the 
domestic hot water surface consisted of about one (1) gram of 
flakey particulate matter, tan in color. 
was magnetic, some was not. 

Some of this material 

The two deposits were analyzed by Energy Dispersive 

This technology provides a semi-quantitative 
(X-Ray) Spectroscopy (EDS) in Radian's Scanning Electron 
Microscope. 
analysis of those elements with atomic numbers greater than 
9 (fluorine). Hydrogen, lithium, beryllium, boron, oxygen, and 
fluorine are undetectable by this technique. 

GEOTHERMAL SIDE DEPOSITS 
Results 

Figures 1 and 2 show the EDS spectra for t..e two 
black particles from the geothermal side of the HX plates. 
of these particles was smooth in appearance (Figure 1). 
contained major amounts of calcium, sulfur, silicon, and iron; 

One 
It 

minor amounts of titanium and aluminum; and traces of chlorine. 

The other particle was rough (Figure 2) and contained 
major amounts of sulfur and iron, and traces of aluminum, silicon, 
calcium, copper, and zinc. 
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Interpretation 

The data indicates that the black deposits are 
composed largely of iron sulfide corrosion products, probably 
derived from the casing. 
activity indicates that magnetite is not a significant 
constituent. 

The absence of gross ferromagnetic 
- 

The other constituents, silicon, calcim, aluminum, 
and titanimare characteristic,:constituents ofvmany clays .or 
silts, and it is suggested that they are derived from suspended 
solids in the produced fluid. 

traces of copper and zinc are probably copper and 
ion products from bronze pump components. 

STIC WATER) SIDE DEPOSITS 

Figure 3 is the EDS spectrum for a bulk sample of 
the secondary side deposit. 
amounts of copper and iron, minor amounts of silicon and aluminum; 
and traces of magnesium, sulfur, chlorine, calc%hY.and titanium 

This sample contained major 

Interpretation 

The sample appears to be composed largely of iron and 
copper corrosion products, probably oxides. The observed gross 
ferromagnetic activity of some of the particles of the sample 
indicate magnetite (magnetic iron oxide), supporting the above 
hypothesis. These oxide corrosion products are the result of 
corrosion elsewhere in the domestic hot water system. 
presence may indicate persistent oxygen inleakage into the 

Their 
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domestic water supply. 
inleakage at faulty pump packings and seals. 
term health of the domestic water system, more intensive 
maintenance of these seals and packings may be in order, 

One likely source of oxygen is ai.r 
For the long 

c, 

The trace elements observed are those typical of 
clays and silts and are most likely derived from suspended 
solids in the domestic water supply. 
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Fppre 3 .  EDS SPECTRUM OF DOMESTIC WATER SUPPLY 
SIDE DEPOSITS FROM HX 1 OF THE 
THS GEOTHERMAL SYSTEM (full scale = 968 cnts) 
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F+gure 2. EDS SPECTRUM OF ROUGH BLACK PAPTICLE 
FROM GEOTHERMAL SIDE OF HX 1 OA 
THS GEOTHERMAL SYSTEM (full scale - 1031 CntS) I'HE 
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Frvre 1. EDS SPECTRUM OF SMOOTH BLACK P ‘TICLE 
FROM GEOTHERMAL SIDE OF HX 1 OF THE THS 
GEOTHERMAL, SYSTEM (Full Scale - 468 cnts.) 
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APPENDXX E: 

CAPITAL COST ANALYSIS FOR AN EQUIVALENT GEOTHERMAL HEATING SYSTEM 

T h i s  appendix d e t a i l s  t h e  d e r i v a t i o n  of t he  capi ta l  
c o s t s  f o r  a geothermal system 'equivalent '  t o  T-H-S, except t h a t  
t h i s  e q u i v a l e n t  system does  n o t  i n c u r  t h e  development and 
r epor t ing  costs a s soc ia t ed  w i t h  t h e  T-H-S pro jec t .  The r e s u l t i n g  
c o s t s  are t h e r e f o r e  r e p r e s e n t a t i v e  of f u t u r e  development of t h e  
C e n t r a l  Texas geothermal r e source .  Note t h a t  t h e  c o s t s ,  
expressed i n  1982 d o l l a r s ,  are based on actual T-H-S p r o j e c t  
experience and not  on engineer ing estimates. 

ubtract c o s t s  which would n o t  be accounted i n  f u t u r e  

.1. 
2. 

3. 

4. 

5. 
6. 

7. 
8. 

9. 
10. 
11. 
12. 

T o t a l  P ro jec t  Costs 
Less Cent ra l  Texas Savings and 
Loan Contr ibut ion ( i n j e c t i o n  well, 
no t  used) 
Less T-H-S Hosp i t a l  In-Rind 
Cont r ibu t ions  
Remaining Costs contributed by 
DOE/TENRAC/Clty of Marlin 
Less P r o j e c t  Reporting Costs 
Less Environmental Assessment 
(Permi t t ing  c o s t s  remain) 
Less Pub l i c  Awareness 
Less O&M Manual Prepared by 
Engineers 
Less System Monitoring by Engineers 
Less Environmental Monitoring 
Less Materials Tes t ing  
Base Costs nat accounting for 
year  spen t  

$1,144,17 4 
(100,000) 

( 26,125) 
( 12,462) 

( 24,086) 
( 5,026) 

( 9,810) 
12,500)  

( l0;oOo) 
$ 855,443 
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B. Determine equiva len t  costs occurr ing  be fo re  1982. 

1. Base costs (from A.10 above) $ 855,443 
2. Less 1982 cons t ruc t ion  costs  (385,700) 
3. Less 1982 cons t ruc t ion  c o s t s  ( 23,374) 

4. Costs occur r ing  before  1982 $ 441,369 
acceptance t e s t i n g  (by Engineers) 

C. Escalate ’pre-1982 costs t o  1982 d o l l a r s .  

1. Costs occurr ing  before  1982 $ 441,369 

2. L e s s  1979 w e l l  costs 0 

4. Less 50% of 1980 Engr. cos t s  J2U.dua 

(from B.4 above) 

3. 1980 Engineering, Archi tec ture ,  
Permit t ing,  etc. costs .  

(accounting f o r  development 
engineer ing)  

$ 217,069 

5. 1980 Engr., Arch., permit t ing,  etc., costs 

60 1980 Engr., etc. costs e s c a l a t e d  t o  214,966 

7. 1979 w e l l  c o s t s  e s c a l a t e d  t o  286.495 

80 Pre 1982 c o s t s  i n  1982 d o l l a r s  $ 501,464 

f o r  equiva len t  system $ 182,607 

1982, using 8.5% i n f l a t i o n  

1982 using 8.5% i n f l a t i o n  

(182,607 x 1.085*) 

(224,300 x 1.085’) 

D. Determine Equivalent System Cap i t a l  i n  1982 d o l l a r s .  

1. Pre 1982 costs i n  1982 d o l l a r s  
(from C.6 above) 

2. P l u s  1982 cons t ruc t ion  cos t s  
(from B.2 above) 

3. Plus 1982 cons t ruc t ion  ove r s igh t  
and acceptance t e s t i n g  costs 
(from B.3 above) 

4. Equivalent  system c a p i t a l  
expressed i n  1982 d o l l a r s  

$ 501,464 

$ 385,700 

LLuLm 
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APPENDIX F: 

PUBLIC AWARENESS DOCUMENTATION 

e P r e s s  R e l e a s e s  

e F a c t  Sheets  

e System B r o c h u r e  
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Media Contact: J. D. Norris FOR IMMEDIATE RELEASE 1 
817-883-3561 3 August 31, 1978 

with the project. 

i%z &h..*& &k&anr: 8 17-88 3-3561 

$?mfibt, a ~ x a e  76663 

GEOTHERMAL CONTRACT SIGNING 

MARLIN--Congressman W. R. "Bob" Poage (D-Waco) heads up a 

list of federal, state and local officials here today to observe 

the signing of contracts initiating work on the State's first 

geothermal heating project. 

The project calls for using Marlin's hot underground waters 

as a source of space and domestic water heating at the Torbett- 

Hutchings-Smith Memorial Hospital here. 

Federal funds in the amount of $437,000 are being matched by 

a grant from the Texas Energy Advisory Council (TEAC) and in-kind 

service contributions from local groups for a total project cost 

of more than $600,000. 

Environmental assessments, performed by Radian Corporation 

of Austin, the hospital's geothermal engineering consultant, 

indicate there are no significant environmental impacts associated 

According to current plans, a well will be drilled some 3,400 

feet down to the geothermal reservoir in February 1979. Completion 

of the project is scheduled for mid-1980. The well is expected 

-. 

I 
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I to produce nearly 200 gallons per minute of 150°F water to replace 

an estimated 85 percent of the hospital's current demand for 
I .- 

.I- I 

I d natural gas. 
- 

The contract-si ng,ceremonies are being held Friday at 

Several dozen 10:30 a.m. in the Sun Room at the Falls Hotel. 

state and local elected officials and representatives of federal 

and state agencies have been invited for the event. 

, 

i 
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Media Contact: J .  D. Norris FOR IMMEDIATE RELEASE 
817-883-3561 z J ' 7  /-re 

3;ri?Gk*& ah&n~:  817- 883-3561 

@xrk, & ~ 2 ~ 0  76661 

U I N  HOSPITAL SELECTED TO NEGOTIATE GEOTHERMAL CONTRACT 

U.S. Congressman W.R. (Bob) Poage (D-Waco) announced th is  

week that the U.S. Department of Energy has selected the Torbett- 

Hutchings-Smith Memorial Hospital (T-H-S) of Marlin, Texas, to 

enter into contract negotiations for f i e ld  experiments t o  demon- 

s t r a t e  direct  ut i l izat ion of geothermal energy resources. 

The program - 0  the f i r s t  of i t s  kind in  Texas -- calls for 

using Marlin's hot mineral water as a source of energy for space 

and water heating i n  the hospital. Marlin i s  one of several 

Central Texas c i t i e s  that  overlie pockets of hot mineralized 

water which have percolated into faul ts  which in turn are heated 

by the earth's hot interior.  Rising t o  the surface under their  

own pressure, these waters have been used in Marlin health spas 

since the l a t e  1800's. 

The estimated cost of the project i s  $588,834. The proposed 

Local "in-kind" service contri- federal funding totals $379,464. 

butions w i l l  amount t o  $134,370 and another $75,000 has been 

requested from the Texas Energy Development Fund. 

State Representative Dan Kubiak of Rockdale, who l a s t  year 

sponsored legislation establishing the $1.5 million Texas 
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Energy Development Fund, strongly supports Marlin community 

leaders in their efforts to secure state and federal funding. 

The Texas Energy Advisory Council administers the fund and will 

meet in early March to make initial project awards. 

According to Project Director and T-H-S Hospital Adminis- 

trator, J.D. Norris, Jr., Radian Corporation, an Austin based 

energy and environmental research and development firm, is the 

hospital's geothermal consultant and will provide overall project 

guidance, engineering design and installation, environmental 

assessment and technology transfer functions. 

of Austin, the hospital's architect, w i l l  oversee all structural 

modifications and the hospital's continuing energy conservation 

Spencer Associates 

. Ham-Mer Consulting Engineers, also of Austin, Will 

produce an operations and maintenance manual and perform an 

economic analysis. 

drill and complete the well. 

The Houston firm of Layne Texas Co. will 

The new hot well to be drilled in the T-H-S complex is ex- 

pected to produce near 200 gallons of water per minute at a 

temperature of near 15O0F. Preliminary estimates e that the 

geothermal system will replace 85 percent of the hospital's cur- - 

rent demand for natural gas. Presently, T-H-S consumes approxi- 

mately 12 million cubic feet of gas per year. 

geothermal energy demons 

for circulating hot water through heat exchangers which in turn 

279 



w i l l  supply space heat and'domestic hot water in  the existing 

system. Project plans cal l . for  a 5-month-drilling phase followed 

by a 13-month design and construction phase. 

operational phase w i l l  be focused on attracting the general public 

and potential users of direct  geothermal heat. 

A twelve month 

Norris s ta tes  that  the geothermal'water i s  anticipated t o  be 

injected into the producing formation through an existing w e l l  

located on the property of Central Texas Savings and Loan about 

800 fee t  east of the T-H-S Complex. 

The $134,370 "local  in-kind services share" will be con- 

tributed by the community. 

Association injection w e l l  will count as $100,000. 

The Central Texas Savings & Loan 

The hospital 

w i l l  contribute $28,850 and the  City of Marlin's share w i l l  be 

$5,520. 

Geothermal energy 0-  l i t e r a l ly  "heat from the earth" -0 i s  a 

renewable energy source currently supplying heat for whole com- 

munities and industries i n  Iceland, Hungary, New Zealand, and 

the Soviet Union. 

energy is used t o  generate e lectr ic  power. 

Francisco's e lec t r ic  power needs are met by geothermal energy. 

A t  higher pressures and temperatures , geothermal 

One-third of San 

I f  the Marlin project i s  successful, can other insti tutions,  

perhaps even a comrmmity-wide system and industrial  complex, 

benefit from the geothermal resources? 

The answer depends largely on the economic analysis of the 

project and a separate study assessing geothermal potential i n  the 
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Central Texas Region. The Texas Bureau of Econbmic Geology (BEG) 

in Austin and Baylor Univer ty in Wac0 will conduct th$s regional 
i 

4 assessment. 

The BEG is also involved in the &ltimillion dollar assess- 

ment of the Gulf Coast geopressured-geothermal resource in Texas 

and Louisiana and another geothermal study in far West T-exas. 

i # # f # >  I f '  

I 
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Wdia  Contact : J . D .  Norris 
817-883-3561 

FOR IMMEDIATE RELEASE 
Apri l  6 ,  1979 

MARLIN GEOTHERMAL WELL DRILLING DATE SET 

MARLIN--Ceremonies marking the "spud-in" , or  the  begin- 
ning of d r i l l i n g  operations,  of one of the s ta te 's  f i r s t  geother- 
hl wells are scheduled for.-3 a t  3:30 P.M. here a t  
the  s i te  of the d r i l l i n g  operations - 0  the grounds of the  Turbett- 
Hutchings-Smith Memorial Hospital. 

Guests f o r  the spud-in ceremonies w i l l  include U.S.. Con- 

Representatives from the United S ta tes  
gressman Marvin Leath, former Congressman W. R. Poage and S ta t e  
Representative Dan Kubiak. 
Department of Energy (DOE), the Texas Energy Advisory Council (TEAC) 
dind o ther  state and loca l  o f f i ces  w i l l  at tend. 

The d r i l l i n g  operation is the f i r s t  major milestone i n  
the two and a half  year pro jec t  designed t o  provide geothermal 
heating f o r  the T-H-S Hospital .  

The U.S. Department of Energy (DOE), which i s  funding 
approximately two-thirds of the t o t a l  p ro jec t  cos t s ,  gave the  
go-ahead f o r  d r i l l i n g  a f t e r  reviewing an environmental assessment 
of the project  prepared by Radian Corporation of Austin, geother- 
m a l  consultant f o r  the hospi ta l .  
the  Texas Energy Advisory Council is  contributing $75,000 toward 
the t o t a l  project  costs  of about $600,000. 
the T-H-S Hospital ,  Central Texas Savings and Loan, and the  City 
of Marlin -- a l l  of which a r e  contributing mater ia l s ,  labor o r  
other services toward the p ro jec t .  

In  addition t o  the DOE funds, 

Other sponsors include 
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The d r i l l i n g  contractor i s  Layne Texas Go. headquartered 
Two four-man crews and a supervisor from the Dallas in Houston. 

of f ice  of the company are  expected t o  be on s i te  f o r  six t o  eight 
weeks. 

Other subcontractors include Spencer Associates of 
Austin, which w i l l  oversee a l l  s t ruc tura l  modifications, and 
Ham-Mer Consulting Engineers of Austin, which w i l l  produce an 
operations and maintenance manual and perform an economic analysis 
of the project.  

Based on other w e l l s  i n  the area--many of which provided 
hot mineral baths f o r  health spas i n  the ear ly  20th century--the 
T-H-S w e l l  is expected t o  produce 150 degree F water a t  200 gallons 
per minute from a depth of about 3 , 4 0  
t o  the surface under ar tes ian pressure and be circulated through 
heat exchangers. 
use by 85 percent. Depending upon the quali ty of the water, the 
spent geothermal f lu ids  w i l l  e i t he r  be injected in to  the ground 
formation o r  u t i l i z e d  f o r  other purposes. 

ee t .  The water w i l l  rise 

The geothermal energy could reduce hospi ta l  gas 

The hospital  a lso i s  considering ing the water pr ior  
t o  inject ion,  t o  heat greenhouses. The temperature of the water 
even then w i l l  probably be in  excess of 100 degrees F. Hospital 
Administrator and Project Director, J . D .  Norris, f ee l s  t ha t  the 
greenhouses can be used by volunteer workers t o  grow flowers and 
fresh vegetables f o r  the pat ients .  

The Marlin project has sparked in te res t  among several 
i n s t i t u t iona l ,  indus t r ia l ,  and commercial users such as large 
scale greenhouse operators and indus t r ia l  process heat users.  
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Media Contact - J. D. Norris, Jr. FOR IMMEDIATE RELEASE 
8171883-3561 

J. D. NORRIS. JR. 
ADMINISTRATOR 

322 (1Ioleman 9freet  melopbone: 8 17-883 -355 1 

flarlin, nexne 76561 

MARLIN GEOTHERMAL WELL COMPLETED 

MARLIN, TEXAS - - A 3,885 foot deep geothermal well here 

is a success based on the results of the well pump tests. 

The test indicates that the well will supply more than 

twice the space heating and water heating needs of Marlin's 

130-bed Torbett-Hutchings-Smith Memorial Hospital. 

The completion and testing of the well marks a major 

milestone in the $662,000 two-and-a-half year project designed 

to demonstrate the economic and technical feasibility of using 

locally available low-temperature geothermal energy. 

Drilling of the well, located on the grounds of the T-H-S 

Hospital, ended in late July. The driller, Layne Texas Co., 

Inc. of Dallas, last week performed a pump test to determine 

the well's long-term production capability. Drawing from a 

reservoir ranging from 3615 to 3885 feet below the surface, 

the well is capable of producing more than 100 gallons per 

minute (gpm) at more than 140 degrees F under its own artesian 

pressure. 
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With a pump applied, the well can produce over 300 gpm at 

more than 150 degrees--a temperature and volume combination which 

is more than double the peak demands of the hospital. 

According to Hospital Administrator and Project Director 

J. D. Norris, Jr., this 300 gpm flow rate indicates that other 

institutional or industrial Marlin users may be able to hook 

into the. geothermal supply and thereby benefit from this con- 

stantly available and renewable source of heat which underlies 

many parts of Central and North Central Texas. 

The test also indicates that the producing waters contain 

about 4 ,000  parts per million total dissolved solids content-- 

a level defined by the federal government as "slightly saline." 

However, the geothermal water will not be consumed directly by 

hospital users. 

development of a preliminary engineering design of a system using 

heat exchangers coupled to the hospital's existing heating system. 

The second phase of the project involves the 

Radian Corp. of Austin, the hospital's geothermal consultant, 

is analyzing the results of the water chemistry tests in order to 

select materials fo r  the project which will best resist scaling 

and corrosion. Scaling and corrosion are significant concerns 

in the development and use of mineralized geothermal water. 
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Present plans call for the geothermal system to be in place 
t by the winter of 1980-81. 

hospital's annual consumption of natural gas by about 85 percent. 

The system is estimated to reduce the 
L 

The U.S. Department of Energy is funding approximately two- 

thirds of the total project costs. 

prised of a grant from the Texas Energy Development Fund and 

local in-kind service contributions. 

The remaining third is com- 

# f f 
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Proven Success for Alternate Energy 

Marlin, Texas; March 25, 1982 -0  The nation's most advanced 

geothermal project will become fully operational in the midst 

of a full-blown celebration during a noon ceremony April 14 in 

Marlin. 

The successful alternate energy project is highly significant 

not only regionally but also nationally because of its demonstrated 

capability to reduce heating costs 04 Marlin's Torbett, Hutchbgs, 

Smith Memorial Hospital to one fourth its previous cost. Four 

years Ln ics ?Iicr.ning m d  ccnstruc?ion, the $1 =illion project will 

pay for itself through the radical cost savings created. 

Preliminary design work for the project began in 1978 with 

financing secured through a combination of grants from the U.S.  

Department of Energy (DOE) and the Texas Energy and Natural 

Resources Advisory Council (TENRAC) and a loan from the Farmers 

Home Administration (FmHA). The pioneering project gained additional 

support from the City of Marlin, the Marlin Chamber of Commerce, 

Central Texas Savings and Loan Association and the Torbett, Hutchings, 

Smith Memorial Hospital. 

Armed with these combined resources and a broad base of 

enthusiastic support by altercate energy proponents across the 

state arid nation, the ge ermal heating project has be essentially 

completed in the past year and has undergone a fine-tuning toward 

100% capacity. 

the gcothermal waters that convert to heat for the entire hospital 

Yet under this testing phase and not fully operational, 
i 'c3 
i 
1 
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complex have already demonstrated a 72% cost savings i n  natural  

gas. 

February 1981 to  $2,717.79 i n  January and February 1982. 

the geothermal w e l l  has a capacity t o  meet more than three times 

the hospi ta l ' s  peak demands. 

Gas bills actually dropped from $ 9 , 8 2 9 . 0 1  i n  January and 

Further, 

The basic principle of the a l te rna te  energy project is  qui te  

simple. 

is  a natural  formation of hot water, one of several  such formations 

i n  areas ranging from Laredo to  trhe Dallas-Ft. Worth area. 

i n  the early years of the century t o  f i l l  the  c i ty ' s  thriving spas, 

the water's benefits w e r e  v i r tua l ly  ignored a f t e r  advances of 

modern medicine. 

care i n  Marlin, the water i s  piped through heat exchangers tha t  

provide domestic hot w a t e r  and heat to  warm the hospi ta l  complex. 

Coursing beneath th i s  beautiful  Central Texas comunity 

Used 

Now rediscovered as a useful benefi t  t o  heal th  

A w e l l  tha t  taps the hot water formation supplies underground 

water as needed fo r  the desired temperature, with a capacity t o  pump 

over 400 gallons pe r  minute of 155 F. water. 

Radian Corporation of Austin, the consulting engineers, have 

revealed an economic analysis that  says tha t  a commercial user i n  

the Marlin area could pay fo r  the cost of a w e l l  and heating system 

i n  about three years, based on projected gas cost  increases and 

using the proven technology of this i n i t i a l  prototype. 

"It's obvious tha t  we're delighted with the cost  savings," 

s a i d  Torbett, Hutchings, Smith Memorial Hospital Administrator, 

J. I). Norris, Jr. "But moreover, we are  extremely excited over what 

t h i s  means to the  future energy resouces i n  the face of declining 

petro-fuel sources." 
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A large gathering of officials, advocates, and the public 

is expected for the April 14 christening, including Lieutenant 

Governor Bill Hobby, U.S. Congressman Marvin Leath, State 

Representative Dan Kubiak, representatives from DOE, TENRAC, 

and FmHA. 
The noon ceremony will include a short program, a demon- 

stration and a barbeque sandwich lunch. 

and the public is invited. 

There will be no charge 

-30- . 

NOTE TO NEWS EDITORS: 

engineers will be available one hour prior to the public event, 

at 31 a.m. on April 14 to explain the project and demonstrate 

its workings. Visual depictions will also be available. PLEASE 

BSVP your plans.to attend along with ANY SPECIAL NEEDS OR 

EQUIPMENT which we may assist in providing. 

others who desire audio feeds following the event, please respond 

The hospital administrator, architect and 

Radio stations and 

also 

CONTACT J. D. NORRIS, HOSPITAL ADMINISTRATOR AND PROJECT DIRECTOR 

AT 817188303561 for reservations or more information. 

i 
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April 1979 

M A R L I N  T - H - S  H O S P I T A L  G E O T H E R M A L  P R O J E C T  
" %  F A C T  S H E E T  NUMBER 1" 
0 

t I .  
5 ,  

SITE - 
. .  

METHOD 

, ,. 
. -  

. .  

/ I  

CONTRIBUTORS 

PARTICIPANTS 

PROJECT 
TIM ETA B L E I 

To demonstrate the technical and economic feasibility of 
using local geothermal waters for space and water heating. 

The Torbett-Hutchings-Smith (T-8-S) Memorial Hospital in 
Marlin, Texas. Marlin is 30 miles southeast of Waco. 

A well will be drilled to a depth of about 3 , 4 0 0  feet into 
tge Trinity sands which contain water of about 150'F. 
B*-ied  on. the experience o f  nearby wells, this water should 

ute. The hot water--or geothermal fluids--will circulate 
through heat exchangers ,in the hospital. The geothermal 
system will supplement the existing space and water heat- 
ing system which uses a natural gas-fired boiler and heat 
exchangers. Preliminary estimates are that the geothermal 
system may replace about 85 percent of the hospital's nat- 
ural gas demand. The geothermal waters will repain in a 
cl!s$d;system from production through disposal. 

f 9 ow under artesian pressure at about 200 gallons per m i n -  

U.S. Department of Energy $436,800 
Texas Energy Advisory Council 75,000 
T-H-S Memorial Hospital 33,600 
City of Marlin 11,6,00 

Total $657,000 
Central Texas Savings and Loan Assn. 100,000 

J, D. Norris, Jr., T-H-S 
Hospital Administrator 

Radian Corporation, Austin--Overall geother'mal con- 
sultant, engineering design, geochemical analysis, 
system installation, technology transfer, public 
awareness and environmental analysis. 

Layne Texas Co., Inc., Dallas--Well drilling and 
completion, disposal and permitting. 

Ham-Mer Consulting Engineers, Inc., Austin--Engineer- 
ing design review, economic assessment and operation 
and maintenance manual. 

Spencer Associates, Austin--Architectural overview 

W. M. Parrish, Jr., Marlin--Accountant 

Jack Welch, Marlin--Attorney 

Marlin Chamber of Commerce--Community coordination 

Prepare environmental report 
DOE review and environment 
consent 
Preliminary design 
Drill and test production well 
Final design 
Construction 
Project acceptance test 
User attraction and demon- 
s t rat ion 

Start Complete 
6/78 8/78 

8/78 1/79 
11/78 8/79 
4/79 6/79 

10179 12/79 
2/80 7/80 
7/80 8/80 

8/80 7/81 

*This fact sheet is based on conceptual design and early plans. 

290 



ASKED project will deptete the m s d  tbca 

A. T h i s  r e s o u r c e  e x t e n d s  over a la &rea of C e n t t a l  
T e r a s .  Hsat ing  t a k e s  p l a c e  by d e e p  c S t d u l a t i o n  of  
vater  in l a r g e  c r o c k s  i n  d e e p  rock$. ?he  Lguifqt  
is n o t  l i k e l y  t o  be  d e p l e t e d  rincc it FeCecFiVeS new 
vater c o n t i n u o u s l y  from r a i n f a l l  an t u n - ~ f f  f a r  t o  
t h e  n o r t h v a s t  of M a r l i n .  

0 .  Are other ge 
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Marlin T-H-S Hospital Geothermal Project 

Purpose: 

Site: 

Method: 

Contributors: 

Project 
Director: 

Participants: 

Project 
Timetable: 

Fact Sheet Number 2 
April 1980 

To demonstrate the technical and economic feasibility of using local geothermal 
waters for space and water heating. 

The Torbett-Hutchings-Smith (T-H-S) Memorial Hospital in Marlin, Texas. 
Marlin is 30 miles southeast of Waco. 

A production well has been drilled and completed to a depth of 3885 feet into 
the Trinity Sands which contain water at a temperature of more than 150°F. 
Under artesian pressure, the well produces about 75 gallons per minute of 140" F 
water. The hot water - or geothermal fluids - will circulate through heat 
exchangers in the hospital. The geothermal system will supplement the existing 
space and water heating 

replace over 80 percent of the hospital's annual natural gas demand. The 
geothermal waters will remain in aclosed system from production through 
utilization. After the useful heat has been extracted, the spent fluid will be 
discharged via surface waters under the terms of a state discharge permit. 

U.S. Department of Energy $436,800 
Texas Energy and Natural Resources Advisory Council 8%oO0 
T-H-S Memorial Hospital 33,600 
City of Marlin 11,600 

$562,000 

em which uses a natural gas-fired boiler and heat 
exchangers. Preliminary "d" esign estimates are that the geothermal system will 

J.D. Norris, Jr., 
T-H-S Hospital Administrator 

Radian Corporation, Austin - Overall geothermal consultant, engineering 
design, geochemical analysis, system installation, technology transfer, public 
awareness and environmental analysis. 
Layne Texas Co., Inc., Dallas - Well design, drilling, completion, and 
development. 
Ham-Mer Consulting Engineers, Inc., Austin - Engineering design review, 
economic assessment and operation and maintenance manual. 
Spencer Associates, Austin - Architectural overview. 
City of Marlin - Surface disposal provisions. 
W.M. Parrish and Co., Marlin - Accountant 
Jack Welch, Marlin - Attorney 
Marlin Chamber of Commerce - Community coordination. 

START 
6/78 
8/78 
12/78 
4/79 
1/80 
11/80 
4/81 
5/81 

Prepare environmental report 
DOE review and environmental consent 
Preliminary design 
Drill and test production well 
Final design 
Construction 
Project acceptance test 
User attraction and demonstration 
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COMPLETE 
8/78 
1/79 
12179 
7179 
9/80 
4/81 
Si81 
4/82 
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Frequently 
Asked 
Questions & 
Answers: 

For More 

! 

d 
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Information: 

Q . How extensive i s  the resource area? Is it likely that this project will deplete 
the resource locally? 

A. This resource extends over a large area of Central Texas. Heating takes place 
by deep circulation of water in large cracks in deep rocks. The aquifer is not 
likely to be depleted since it receives new water continuously from rainfall 
and run-off far to the northwest of Marlin. 

Q Are other geothermal projects plannedfor this area? 
A. Yes. A similar demonstration project has been funded by the US. Department 

of Energy to provide space and water heating for a hospital and a college 
building in Corsicana, 70 miles north of Marlin. There is also a plan to heat 
the Marlin Chamber of Commerce offices. In addition, several commercial 
and institutional users are considering use of water, space heating and 
industrial process heat. Commercial greenhouses appear to be a particularly 
attractive use. 

Q How will corrosion problems be controlled? 
A. Corrosion of metal is best solved by selecting those metals that are immune 

to certain constituents in the geothermal fluid. The selection of materials for 
the heating system will be based on tests conducted in the well water. 

Q. How much energy will besaved by this project? 
A. Approximately 9.5 million cubic feet of gas per year will be saved. This h 

Q . What happens to the used geothermal water? 
A. This is the first time that these geothermal waters have been used for space 

and water heating purposes. Wells tapping fluid from part of this same 
producing formation, however, supplied hot mineral baths for health spas . 
which flourished in Marlin during the first half of the 1900's. These geothermal 
waters, which are much more highly mineralized than the hospital well fluid, 
are still used for drinking purposes. Nevertheless, the project plans call for a 
closed system in which the water will not commingle with city drinking water 
or the existing heating system. The surface disposal method that will be used 
complies with state regulations set forth by the Texas Railroad Commission 
and other state agencies. 

the equivalent of 1700 barrels of oil. 

Q . What are the economics of this heating Jystem? 
(A. One of the purposes of this project is to determine the economic feasibility 

of geothermal energy use in this part of the country. Return on investment, 
payback and other economic factors will be determined in late 1980. Based 
on preliminary calculations and rough estimates, it appears that the system 
will be competitive compared to the cost of new natural gas prices. It is also 
likely that the well will be used to provide heating for other users and thus 
generate additional revenues. 

Contact J.D. Norris, Jr., Administrator, T-H-S Memorial Hospital, 322 Coleman 
Street, P.O. Box 60, Marlin, Texas 76661, (817-883-3561). As the project 

. 

progresses, updated fact sheets will be published. 

'This fact sheet is based on current preliminary design and plans. 
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T-H-S Memorial Hospital 
Geothermal Demonstration Project 

Marlin, Texas 
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ted that the Central Texas geo- 
I 1  literallv heat fran the m 

ral Water Spas 
In an attemp! to locab fresh water in 1891. 

the City d Marlin drtlled a well to a dspth d 
mora than 3,000 fast. They didn't hnd any 
fresh water but dld tap two sourcon d hot 
mineral-laden artesian water. At lint tho water 
wm d h r g s d  to the Sulfaca but moil the 
City began wlng it for fire fighting and ntmt 
qxinklinq and aelling it to publio bath hou- 
and a feu private reridencss. Loeal dtirsnr 
who drank and bathed in the water mporbd ih 

mWmtism to rktn di 

(hroughar( tho state and even the n n t b .  By 
tho late 189(k a flourtshing health spa burlna 

Stortea d tho mineral 

autchea. At ih peak In the 192% %din WM 
the permanent training site d the New York 
Glanb and a fashbn&le reunt. It mtppoited 
a prcsperous tnduw d hotetr, dinlcn, bath 
harm. and bosrdinp room. nhr Indurn 
hrsdall but dirappssd dloftlyaHer thosscard 
d war ea Amsriea'r lasinatlar wtth m ( d  
bath was Feplaced by the advent d the - 
~ I W  "wonder dmqw-" 
By the mid-191101, tho ar&tsaural mmtndsn 

d Marlin's heyday wem still tn evidence but 
tho miners1 baths were no knger a conlnmr- 
d ~ l  atbsdlon. HoweMI. wtth energy M o g w  
and ~ p r d l y  tncrumtng prka fa oil and natural 
psr. community interest In the "hd mineral 



T-H-S Project: Background 
Ihe T ~ - H ~ t ~ - h i t h  (T-H-S) b- 

lal Hwpital io the l i d  institution in Marlin to 
bendit from revtved interest in the local hat 
water IWOUIW. The hospital’o dqtn dates 
bact to the early 1900s when, a8 the Tcfbeti 
Clink, it umd the hot mineral waters M a sup 
plemental hwtment lor as many ao 40,OOO 
patienta a year. 

The clinic WM ralocated. modsmized, and 

hospital. like many other natural gaa wm, 
began uninq eneqy amarvatbn measurer 
and ~leard~ing for other mew d reducing 
~sr tng g a o  d o .  Aware d the mourn bs- 
mth than. hospital and civic lesdwr, bgehr 
with a team d contractom and c u d t a n h ,  
applied for fundo hwn the U.S. Department d 
Energy and the Texas h q y  and Natural 
Reaourcea Advisxy Carnc~l. W a h g  through 

h h  renamed. By the mid-19101. the 130-bed 

T-H-S Project: Facts and Figures 
F w p n ~  To’ demonstrate the technical feasi- 
hlity d wing peothermsl energy for qmca 
a$ water heating. 
8H.I The Torbsn-Hutchhgn-Smith Memortal 
Hapita1 in Marlin, Texas. 
Ramowem Under artesian pressure. the 3900- 
bd produdkm well ytelda 75 gallom per min- 
ute (gpm) d 140°F water from the Hosston 
Formation. With the addittun d a large pump, 
the well can pmdws up to 6a) gpm at 155°F. 
Fhtmmmme The gedhermsl waters remain 
in a dosed system fmm produakm todispaurl- 
yielding their heat through a d e s  d heat 
exchangers. A thomuqh envlronmmtal study 
determined that the fluiclr could be dtscharged 
to surface waterways without an unacceptable 
impact on the envinnunent. 
e m r o m ) c * I t  irastlmated that the casta d the 
ppdudbn well, engifwerhg, and l%lnstruction 
will be dlmt by natural gas ~vings in 11-14 ~ _ _ _  

years. Thio PaybaCL period b a result d the 

elected date  and federal raprerentatives, the 
huspdtal obtained $321.600 tn Iedenal and 
$81,500 in date fund4 and a loan from the 
Famom Homo Adminidrakm (FmHA) to hdp 
cover the cod d the proled. The objective io 
b demonsbate the technical lemibiltty d wlnq 
a gwthennal resource to meet the hospital’m 
rpws and water heam naecls. 

Envt-tal amensmento and p a l l m l ~ y  
design work wbtr) begun In 1976; a ppdudiar 
d l  wan drilled and oomplded In the spring 
d 1979. Cananrotion to link the geothermal 
nystem to exidthg npnoe and water heating 
nystema Uvough a aeries d heat exchangm 
WM completed in late 1981. hlimlnary start- 
up teats during the winter d 1981 - 1982 Indi- 
cats that the um d aeothennal wlll 

pkmeering nahrrs d the Ppolea and the hos- 
pital’s non-profit .tatus. For a similar commer- 
cial gsdhermal pray, taking advantage d 
tax inanrtlveo. the payback could be reduced 
to bsm than five yearn. 

I 
r’ 

f 
J 
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APPENDIX G: 

ENVIRONMESTAL MONITORING BIOLOGICAL AND CHEMICAL 
LABORATORY ANALYSIS RECORDS 

Tables G-1 through 6-4 contain the  r e s u l t s  of plankton 
and periphyton sample indentif  ications. Tables G-5 through 
G-8 are  a l l  the chemical laboratory a n a l y s i s  re su l t s .  

r 
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TABLE G-1. C I T Y  PARK LAKE PHYTOPLANKTON, 29 JULY 1983 

* 

Genus Unit  s / m l  

Palmellococcus 2700 

MerismoDaedonin 1100 

Cvclatella 2100 

v 1700 

TABLE G - 2 .  C I T Y  PARK LAKE PHYTOPLANKTON, 5 NOVEMBER 1982 

Genus Uni W m l  

Chlotocaccus 2400 - 2600 

Cvclatella 2100 

k la&xJa  63 

Stauroneis 85 

Fraaillaria 85 

DiDloneis 43 

Closterium 43 

Trachelomanas 21 

300 
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TABLE G-3.  PERIPHYTIC COMMUNITIES* ABOVE CITY PARK LAKE 
5 NOVEMBER 1982 

Genus Uni ts/ml 

EnteromorDha 
Dscfllatoria 

abundant 

abundant 

nouaeatia common 

lavicula common 

Lvnabva 
Bvndera 

common 

cammon 

pt eeen t 

present 
* 

TABLE G-4. CITY PARK LAKE P€IYMKANKTONI 1 7  FEBRUARY 1983 

Genus Units/ml 

1425 

14 

172 

56 

42 

42 

2 

28  

28 

14 

2 

2 

2 

2 
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Analytical Serv -nnoa PAGE 1 

HECEIVED: 05/05/82 03/07/83 15: 14: 2Y 
REPORT LAB # 82-05-021 

REPORT F(nbert W a l l a c e / F v r d  Blood  PREPARED Rad ian A n a l u  t i c a  1 S e w i  c e s  
TO E e d i a n  BY 8501 MoPac B l v d .  

B u i l d i n a  7 p. 0. Box 9948 -- 
Pust in ,  Texas 78766 CERTIFIED BY 

PHONE (512) 454-4797 CONTACT CONLIVER 
ATTEN R o b e r t  W a l l a c e  ATTEN 

CLIENT MARLIN GEOT SAMPLES 2 
CCMPANY M;,rlin H o s p i t a l  

F A C I L I T Y  ~ t o i l i a ? n ? s l  we11 

D u p l i c a t e  aO r e p o r t  o f  06/2F3/02. -- -. -- 
WtIRK ID MSII - S ~ W  1 i!b 

TP*!Wu ?/ 5/82 "- 

TRANS !*lid carried - - 
TYPE n r a t h e r c n f i l  w e l  1 _. 

P . Q .  # 212-300-27-03 I 
I N V .  It tj$Wo0071 

W 

Analytical Serv TEST CODES and NAMES used on this report 
C L  1-41 Chloride 

NPDMET NPDES m e t a l s  ICPES 
ONO A Q i l  and G r e a s e  
SO4 NA S u l f a t e  
TD5 A T o t a l  D i s s a l v s d  S o l i d s  

SAMPLE IRENTIFICATIUN 
Ol. Inflow 
E M a r l i n  Lake - COD A C h e m i c a l  Oxuclen Demand - 

c 



C 

EmDDAEa 
PAGE 2 -- Rnalyt ical  Serv HEPOHT LAB # 82-05-021 
HECETVED: 05/05/82 RESULTS 13Y TEST 
- ._.--I _II.---.- ---- 

I t TEST CODE I Sample 01. Sample Q2 I 
1 

I 
' :  d e f a u l t  units i (entered u n i t s )  ( e n t e r e d  u n i t s )  -.--- 

I t 

315 I CL-TA 
: m g / L  



.~ .. . . . . . . . . .  ~ . .  . .  . ~ ~ . . ~ ~ .  .. . . . . . . . . .. . . . . .. . 

RABclBN 
Analytical Serv REPORT LAB # 82-05-021 -nnou PAGE 3 

HEOEIVFD: 05/05/kJ2 RESULTS BY SAMPLE 

SAMPLE ID In f low FRACTION !llJ 1EST CODE NPDMET NAME NPDES metals ICPES- 

DATE ANALYZED =/ 10/8% VERIF IED BY n u  
P a r t  B Mtito.1~ 
Analyzed b y  ICPES 

CODE METAL RESULT 

Al.. A 1  uminum . 070* 

BA Barium . . 1 5  

J3 Boron 2. 4 

co Cobalt <. 006 
W 

FE Iron . 52  

MG Mayiiesium . 34 

NO No 1 t j  b d enum c .  002 

P a r t  C Metals 
Analyr,ed b y  ICPES 

CODE 

AG 

13 E 

CD 

CR 

cu 

N I  

ZN 

METAL 

Silver 

Bery 1 1 i um 

Cadmium 

Chromium 

Copper 

Nickel 

Zinc 

RESULT 

<. 002 

<. 0005 

<. 001 

<. 001 

<. 001 

<. 003 
.017 

MN Manganese . 036 

SN Tin <I. 120 

TI 'r i tan i w n  <, 005 
NUT'TES AND DEFINlTIONS FOR THl5 REPURT. 

All r 'eblt l t l i  reported in ug/ml unless otherwise specif led. 
NA = not d i a l 1 4 2 e d  
* = lass t h a n  5 titnos thr? detection limit. 

Part C Metals 
Analyzed b y  A 4  

CODE 

AS 

HG 

PB 

SE 

TL 

SB 

METAL RESULT 

Arsenic <. 003 

Mercury 8:. oom( 

Lead . O O E  

Selenium .:I. 003 I 

Thall ium e::. 0m 
Antimony <I. 003 



REPORT 
NESULTS BY SAMPLE 

SAMPLE 1 D  Marlin Lake FRACTION 0 3  TEST CODE NPDMET 

DATE ANALYZED OS/ 10/82 

Part D Metals P a r t  C Metals 
A~ialyretl b y  ICPES Analyzed b y  ICPES 

CODE METAL. RESULT CODE METAL RESULT 

A L  A1  uminum c. 050 AG Silver C. 002 

BA Barium -- . 16 BE Beryllium <.0005 

P . 91  CD Cadmi um <. 001 
CO C. 006 ICR C hromi urn <. 001 
FE Iron . 20  CU . Copper c o o 1  * 

w 
0 

MG Magnesium 17 NI Nickel <. 003 
MO Molyb'denum <. 002 ZN Zinc <. 003 
MN Manganese . . 19 

SN Tin ---_- c. 120 

TI Titanium _. <.005 

NOTES AND DEFINlTIaNS FOR THIS REPORT. 

c 

LAB # 82-05-021 

NAME NPDES metals ICPES 

VERIFIED BY !lLJ 

P a r t  C .Metals 
Analyzed b y  AA 

CODE METAL RESULT 

All vasriltu repor- t -od  in uglml u n l e s s  otherwise specified. 
NA = not analyzed 
* p less than 5 times the d e t e c t i o n  limit. 
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L-UALJ&&d - PAGE 1 Analytical Serv REPORT LAB # 82-07-122 
RECEIVED: 07/30/82 08/23/82 11 : 44: 41 

REPORT 
TO 

ATTEN 

CLIENT 
COMPANY 

FAC ILfTY 

WORK ID 
TAKEN 
TRANS 
TYPE 

P. 0. # 
INV.  # 

w 

Robert Wallace/Fred Blood PREPARED Pedian An alutical Services 
Radian BY pSOl MoPac Blvd. 
Puildino 7 p. 0. Box 9948 

Pobert Wallace ATTEN 

VARLIN GEOT SAMPLES 2 
Marlin Hospital 
Geotherma 1 we 1 1 

Austin, T exes 78766 CERTIFIED BY 

PHONE 351 a, 454-4797 CONTACT CQNOUER 

Julu Sarnplinas 
7/82 
Hand delivered 

212-300-27-01 
82000244 

aeothermal well 

Analytical Serv TEST CORES and NAMES used on t h i s  r e p o r t  
S a m l c  L-2 M arlin Lake CL TA Ch laride 
SANPLE IDENTIFICATION 

02 Sample f-2 ICP 40 CamDl ete ICPES Analusis 
$304 NA Sulfate 
TDS A Total Dissolved Solids 



c 

Anahjt ical  Serv REPQRT 
RESULTS BY TEST 

LAB # 82-07-122 

1 I Sample 01 Sample 02 I 
I d e f a u l t  u n i t s  I ( entered  un i t s )  (entered un its  1 1 

I I ! 

I TEST CODE 

I I 310 370 I 

I 1280 1510 I I sa4 NA 
I TDS A I 2880 3320 I 

I I mg/L I 

I 

I Ct-TA 
I 

8 

I 

I 

I 

: 1 

I 

I mg/i 
I 

w 
0 
4 



L2IJc-;rk&J-Ld 
Cou-emmrmm 

' PAGE 3 Analytical Serv REP RRT LAB. # 82-07-122 
RECEIVED: 07/3/82 RESULTS BY SANPLE 

SAffPLE. ID SamDIc L-2 Marlin Lake FRACTION 0 3  TEST COUE ICP 40 NANE Complete ICPES Analusis 

DATE ANALYZED 08/16/82 VERIFIED BY D M  

CODE METAL RESULT CODE METAL RESULT CODE METAL RESULT 

AG Silver M. 002 

AL A 1  umi num 0. 140 

HC Mercury <. 0002 
IN Ind ium <. 05 

SE Se leni urn <. 003 
SI Si 1 icon 6. 8 

AS Arsenic <. 003 K Potassium 18 SN Tin <. 12 
AU Gold NA 

B Baron 1.9 

w B4 Bar i urn 0. 12 

BE Beryllium <.OOOS 

BI Bismuth N A  

GA Calcium 150 

CD Cadmium <. 002 

0 
W 

€. 001 LI Lithium 

MG Magnesium 26 

MN Manganese 0.007 

MO Molybdenum 0.013 

NA Sodium . 800 

NI Nickel <. 003 
P Phosphorous N 4  

SR Strontium <. 001 
TE Tellurium <. 10 
TI Ti tan i um <. 005 

<. 002 TL Thal l i  urn 

U Uran i urn <. Ob 

V Vanad ium <. 003 
W Tungs ten <. 03 

co Cabal t <. 004 PB Lead <. 002 Y Yttrium €. 002 

CR . Chromium <. 001 PT P la t i num <. 03 ZN Zinc C. 003 

cu Copper <. 001 B Sulfur NA 

FE Iron 0.030 SB Antimony - <. 003 
NA 

NA 

NOTES A N D  DEFINITIONS FOR THIS REPORT. 

All results reported in ug/ml unless otherwise specified. 
NA = not analyzed * = less than 5 times the detection limit. 
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'PAGE 4 Analytical Serv REPORT 
RECEIVED: 07130/82 RESULTS BY SAP'IPLE 

SAMPLE ID. Sample 1-2 FRACTION TEST CODE ICP 40 

DATE ANALYZED 08/16/82 

CODE METAL RESULT 

AG Silver <. 002 
AL Aluminum 0.097 

AS Arsenic <. 003 

AU Gold NA 

B Boron 2. 0 

'2: BA Barium 0.063 

BE Beryllium <. 0005 
BI Bismuth NA 

CA Calcium . 170 

CD Cadmium <. 002 
co Cobalt <. 006 
. CR C h F om i um - c o o 1  

cu Copper c. 001 

W 

FE Iron 0.019 

NOTES.AND DEFINITIONS FOR THIS REPORT. 

CODE METAL 

HC Mercury 

IN Indium 

K Potassium 

LI Lithium 

MQ Magnesium 

MN Manganese 

MO Molybdenum 

NA Sodium 

NI Nickel 

P Phosphorous 

PB Lead 

PT Platinum 

S Su 1 Pur 

SO Antimony 

RESULT 

<. 0002 
<. 05 

20 

<. 001 
29 

<. 001 

<. 002 

?00 

<. 003 
NA 

<. 002 

C. 03 

NA 

<. 003 

All resulti reported in ug/ml unless otherwise specified. 
NA = not anal'yred 
* = less than 5 times the detection limit. 

LAB # 82-07-122 

NANE Comp 1 et e ICPES Ana 1 us i s 

CODE 

SE 

51 

SN 

SR 

TE 

TI 

TL 

U 

V 

W 

Y 

ZN 

VERIFIED BY DLH 

METAL RESULT 

Selenium <. 003 
Silicon 9. 7 

Tin <. 12 
<. 001 
<. 10 

Titanium <. 00s 

Thal lium <. 002 
Uranium <. 06 

Vanad i um <. 003 
Tung s t  en <. 03 
Yttrium <. 002 

Zinc <. 003 
NA 

NA 

Str on t i urn 

Te 11 ur i um 



i j  .*a .J, L . J - 
PAGE 1 Analltical S e w  REPORT LAB # 82-11-063 
RECEIVED: 11 /07/82 11 123182 09: 37: 52 

.-. 
REPORT Robert W allaceifred Blood PREPARED Padian Analutical Services 

TO Radian BY 8- 
Buildina 7 p. 0. Box 9948 

pustin, Texas 78766 CERTIFIED 
ATTEN Robect Wallace ATTEN Cuu M. Crawford 

CONTACT CONOVER PHONE (512) 454-4797 
CLIENT MARLIN GEOT SAMPLES 2 

COMPANY Marlin Hosoital 
FACILITY Geothermal well 

WORK ID November samples 
TAKEN 
TRANS hand carried 

P. 0. # 212-300-27-01 
TYPE aeothermal well 

w INV. # 94 
P 
0 

Analytical Serv TEST CODES and NAMES used on this report 
CL TA Chloride 

TDS A Jotal Dissolved Solids 

SARPLE IDENT IF1 CAT ION 
OA Marlin Lake 
03 flarlin out9all ICP 40 Complete ICP ES Analusis 



- 
PAGE 2 Ana 1g t i t a  1 S e w  REPORT LAB # 82-11-063. 

I SAMPLE ID marlin Lake 
1 CL-TA 

RESULTS BY SAMPLE 

f 

1 530. 1 

1 : 

mg /L mg I L  f I 

f 

I 141 TDSJ 
I 
I 



: i j  
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PAGE 3 Analytical Serv REP URT LAB # 82-11-063 
RECEIVED: 11 / O m 2  RRULTS BY SAWLE 

SAMPLE ID Marlin Lake FRACTION 018 TEST W E  IGP 40 NAME Complete ICPES Analusis 

CODE 

46 

AL 

AS 

AU 

B 

BA 

BE 

BI 

CA 

CD 

CO 

CR 

cu 
FE 

W 
e 
h) 

METAL RESULT 

Si lver <. 002 
A 1 uminum 0.093* 

Arsenic <. OS2 

Gold C.03 

Boron 0. 66 

Barium C O O 1  

Bery 11 ium <. 0003 

Bismuth <. OS 

Calcium 98 

Cadmium <. 002 

Cabal t <. 006 
Chromium <. 001 

Copper <. OOL 
Iron 0.092 

DATE ANALYZED 11/17/82 

NOTES ANI) DEFINITIONS FOR THIS REPORT. 

CODE METAL 

HC Mercury 

IN Ind ium 

K Potassium 

LI Li th ium 

MO Magnesium 

MN Manganese 

MO Molybdenum 

NA Sod i urn 

NI Nickel 

P Phosphorous 

PB Lea4 

PT Platinum 

S SulOur 

SB Antimony 

RESULT 

€. 03 

<. 03 
4 

0. 14 
19 

<. 001 
0.002+ 

430 

<. 003 

<. 2 8  

<. 084 

<. 03 

270 

<. 031 

CODE 

SE 

SI 

SN 

SR 

TE 

TI 

n 
U 

V 

W 

Y 

ZN 

All results reported in ug/ml unless othecwise specipied. 
NA * not analyzed 
* lcss then 3 times the detection limit. 

VERIFIED BY DLH 

METAL RESULT 

Selenium <. 084 
Si 1 icon 4.2 

Tin C. 1? 

Str on t i um 2.2 

Tellurium <. 10 
Titanium <. 009 
Thallium <. 091 

0.0703 

Vanadium <. O M  

lunge ten <. 03 
Yttrium <. ooq 

Zinc <. 002 

NA 

NA 

Uranium 
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PAGE 5:- Ana 1.r~ tit a 1 Ser v. REPORT LAB. # 82-11-Qb3- 
RECEIVED:. 11/07/82: RESULTS BY SAIlPLE 

SAMPLE. ID. Pla'r-kin outfall FRAGTION 028- TEST CODE ICP 40 NAME Complete ICPES Analllsis 

DATE ANALYZED 11/!7/83, 

CODE METAL RESULT CODE METAL RESULT 

A 6  Silver <. 002 
AL AI umi num <. 050 
AS Arsenic <. 057 

AU Gold <. 02 

B Boron 1.9 

BA Bar i um <. 001 
* BE Beryllium <.OOOg 
w 
P 

BI Bismuth <. 05 
CA Calcium 240 

CD Cadmium - .002 

co Cobalt C. 006 

CR Chromium c. 001 

HQ Mercury <. 03 

nu Ind ium c. 05 

K Potassium 17 

Lr Li th ium 0. 44 

FH;: Magnesium 39 

PIN Manganese . COQ1 

m3 Molybdenum 0. Q08* 

NA Sod i um 990 

NI Nickel 0.007+ 

P Phosphorous <. 1Q 

PE Lead <. 084 
PT Platinum <. 03 

cu Copper i. 001 8 Sulfur 78Q 

FE Iron 0.089 SI) Antimony C. 032 

NOTES AND DEFINITIONS FOR THIS REPORT. 

A11 results reported in u g / m l  unless otherwise speciQied. 
NA = not'analyzed 
* = less than S times the detection limit. 

CODE 

SE 

SI 

SN 

SR 

TE 

TI 

n 
U 

V 

W 

Y 

ZN 

VERIF.IED BY DLH- 

RESULT METAL 

Se 1 enium <. OH4 

Silicon 15 

Tin <. 12 
Strontium 6.4 

Tellurium <. 10 
<. 005 Ti tan i um 

Thallium <. 091. 
Uran i um 0.2W 

Vanad ium <. 003 
Tungsten <. 03 

Y t tr i urn 

Zinc <. 003 

NA 
NA 



PAGE 1 Analytical Serv REPORT RECEIVED: 02/17/83 03/18/83 09: 07: 01 
LAB W 83-02-Al3 

REPORT Robert WallaceIFred Blood PREPARED Radian Analutical Services 
TO Radian BY 8501 MoPac Blvd. 

Buildino 7 P . 0 ,  Box 9948 
CERTIFIED BY fiustin, Texas 78766 

ATTEN Robert Wallace ATTEN 
PHONE (912) 494-4797 CONTACT CONOVER CLIENT VARLIN GEOT SAMPLES 3 

COMPANY Marlin Hosnital 
FACILITY Geothermal well 

WORK XD Februaru samnlac 
TAKEN 2-17-kij 
TRANS hand 
TYPE oeothermal well 

P. 0. It 212-300-27-01 
INV. # 514 w 

c-' 

uI SAfYIPLE IDENTIFICATION - _ -  __... _-.. 
Martin Lake 
Waterfall M1 

03 gediment 
fish 

Chloride IC 
EPA Water Diaestion 
EPA Sediment Dioestion 
EPA Tissue Diaestion 
Somnlete ICPES Analusis 
Sulfate IC 
Total Dissolved Solids 

used on this report 
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PAGE 2 Analytical Serv REPORT LAB # 83-02-Al3 
RECEIVED: 021 17/03 RESULTS BY TEST 

I Sample 03 Sample 04 I i TEST CODE I Sample Qt Sample 02 
I d e f a u l t  u n i t s  I ( e n t e r e d  u n i t s )  ( e n t e r e d  u n i t s )  ( e n t e r e d  u n i t s )  ( e n t e r e d  u n i t s )  I 

! I 

; CLJC 237 290 
I m g X  

: date  completed I 

I date complete ! 

: date c o m p l e t e  : 
I 
I 

I mg/L  
I 
I 
I I mg/L  

: 

i EPAH20 I 02/28/83 02/28/03 

I EPASED I 

EPATIS I 

S04J 
f TDS-A 

I 

I 

I 

I 

I 
I 

I 
I 

1520 2590 
2380 4430 

I I 

I 

I 

02/28/83 

02/28/83 

f 

I 
I 

I 
1 

I 

! 
I 
I 
I 

I 
I 
I 
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PAGE 3 Analytical S e w  REPURT 
RECEIVU): 021 17/83 RESULTS BY SANPLE 

SARPLE ID P'lartin Lake FRACTION 0J TEST CURE ICP 40 

DATE ANALYZED 03/01/83 

CODE METAL RESULT 

AG Silver <* 002 
AL A1 uminum 0. 42 

AS AI- s en i c <. 057 
AU Gold NA 

B Boron 0. 57 

BA Bar i um 0.036 

e b, BE Beryllium C O O 0 5  

BI Bismuth <. 05 

CA Calcium 134 

C D  Cadm i um <. 002 
co Cobalt C. 006 

CR Chromium c. 001 
cu Copper <, 001 
FE Iron 0. 20 

4 

CODE METAL RESULT 

HG Mercury <. 03 
IN Indium <. 05 
K Potassium 10 

LI Lithium 0. 26 

MG Magnesium 19 

MN Manganese 0. 11 

MU Molybdenum <. 002 

NA Sodium 590 

NI Nickel <. 003 
/ 

P Phosphorous <. l e  

PB Lead <. 084 
PT P le t inum <. 03 
S Sul9ur 340 

SB Antimony <. 032 
NOTES AND DEFINITIONS FOR THIS REPORT. 

AIL results reported in uglml unless otherwise specified. 
NA = not analyzed 
* = less than 5 times the detection limit. 

NAME ComPlete ICPES Analusis 

CODE 

SE 

51 

SN 

SR 

TE 

TI 

TL 

U 

V 

w 
Y 

ZN 

VERIFIED BY D M  

METAL RESULT 

Sel eni urn <. 084 
Silicon 6.9 

Tin c. 12 

Str on t i um 3. 3 

Te 1 lur ium <. 10 
Titanium <. 005 
Thall ium <. 091 
Uranium <. 064 

Vanad i um <. 003 
Tungsten <. a3 
Yttrium <. 002 

Zinc <. 003 
NA 

NA 
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PAGE 4 Analytical Serv REPORT LAB # 83-02-Al3 
RECEIVED: 02/17/83 RESULTS BY SAPlPLE 

SANPLE ID Waterfall fll FRACTION 0 2  TEST CODE ICP 40 NAME Complete ICPES Analqsis 
DATE ANALYZED 03/01/83 

CODE METAL RESULT CODE METAL RESULT 

AG Silver 0.004U HG Mercury <. 03 
AL Aluminum 0. 40 

AS Arsenic 2.057 

AU Gold NA 

IN Indium <. 05 
K Potassium 17 

LI Lithium 0. 53 

B Boron 1. 5 MG Magnesium 37 

BA Bar i um <. 001 
co BE Beryllium C O O 0 5  

BI Bismuth <. os 
CA Calcium 250 

CD Cadmium <. 002 
co Cabal t <. 006 
CR Chr omi um 0.006 

w 
P 

MN Manganese 0.018 

MO Molybdenum 0.008+ 

NA Sodium if00 

NI Nickel 0.0049 

P Phosphorous <. 18 
PB Lead <. 08% 

PT Platinum <. 03 
cu Copper 0.001+ S Sulfur 700 

FE Iron 0. 18 SB Antimony <. 032 

NOTES AND DEFINITIONS FOR THIS REPORT. 

All results reported in ug/ml unless otherwise specified. 
NA = not analyzed 
* = less than 5 times the detection limit. 

CODE 

SE 

SI 

SN 

SR 

TE 

TI 

TL 

U 

V 

w 

Y 

ZN 

VERIFIED BY @& 

METAL RESULT 

Selenium <. 084 
Silicon 14 

Tin <. 12 

Strontium 6 . 7  

Te 1 lur ium €. 10 

Ti tani um <. 005 
Thall ium <. 091 
Uranium NA 

Vanad ium <. 003 
Tungsten <. 03 
Yttrium <. 002 

Zinc <. 003 
NA 

NA 



c 

PAGE 3 Analytical S e w  REPORT LAB # 83-02-Al3 
RECEIVED: 021 17/83 RESULTS BY SAMPLE 

SAMPLE IR sediment FRACTIQN 0 ( l  TEST CODE ICP 40 NAME Complete ICPES A n a l u s i s  

DATE ANALYZED 03101183 

CODE METAL RESULT 

AG Silver 0.040+ 

AL A I  umi num 1200 

A S  Arsenic <. 50 

AU 60 

B Baron. 0. 83 

BA Bar i um 34 
w 
P 

BE Beryllium c. 005 

BI Bismuth c. 05 

CA Calcium 29000 

CD Cadmium 0. 59 

co Coba 1 . 4  

CR Chr oni urn 4.0 

CODE METAL 

HC Mercury 

IN Indium 

K Potassium 

Lf ti th ium 

MG Magnesium 

MN Manganese 

MO Molybdenum 

NA Sod ium 

NI Nickel 

P Phosphorous 

PB Lead 

PT Platinum 

RESULT 

<. 03 
<. 05 
220 

1 . 1  

510 

110 

0. 39 

740 

2. 5 

190 

84 

<. 03 

CODE 

SE 

SI 

SN 

SR 

TE 

TI 

TL 

U 

V 

W 

Y 

ZN 

VERIFIED BY DLH 

RESULT 

Selenium <4. 3 

Silicon 13 

Tin <. 12 
Strontium 62 

METAL 

Te 1 lur ium <. 10 
3. 4 

<. 91 

Uranium . NA 

Ti tan i um 

Th a 1 1 i urn 

Vanad i urn 4. 5 

Tungsten <. 03 
Yttr ium <. 002 

Zinc 3 1 

cu Coppel. &. 7 s Sulfur 1800 

FE Iron 2700 SB Antimony <3. 2 

NOTES ANI) DEFINITIONS FOR THIS REPORT. 

All results reported in ug/ml unless otherwise specified. 
.NA = not am' lyzed 
-9 = Iess than 3 t i m e s  t h e  detection limit. 

NA 

N A  
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PAGE b Analgtical Serv REPORT LAB It 83-02-Al3 
RECEIVED: 02/17/83 RESULTS BY SAWLE 

SAlYfPLE ID f i'sh FRAGTION 0 3  TEST CODE ICP 40 NAPIE Complete ICPES Analusis 

DATE AtddALYZED~Q3/01/83 

CODE METAL RESULT CODE METAL RESULT 

AQ Silver <. 03 HG Mercury <. 03 
AL A 1 umi num 7.0 

AS Arsen i c <. 5 

AU Gold NA 

B Boron <. 18 

IN fnd ium <. 05 
K Pofassium i6ao 
LI Lithium <. 009 

MG Magnesium 270 

BA Bar i um <. 012 flN flanganeee 7. 7 
w 
h, 
0 BE Beryllium <. 010 MO ffolybdenum <. 040 

BI Bismuth <. 05 NA Sodium 690 

CA Calcium 2900 NI Nic Le1 <. 060 
CD Cadmium <. 040 P Phosphorous 4200 

r) 
C 
v) 

c) 
0 

z 
s m co Cobalt <. 12 PB Lead <l. 7 

CR C hr omi um <. 020 PT Plat inum <. 03 f 
3 

z cu Copper 0. 93 S Sulfur N/f+ 

s: 3 FE Iron - 49 SB Antimony <. 

P a 
2 
0 

w 
- ID NOTES AND DEFINITIONS FOR THIS REPORT. 
W 

P 01 411 results reported in ug/ml unless otherwise specified. E 
06 NA a not analyzed 
(D * = less then 5 times the detection limit. In 

m VI 

CODE 

SE 

SI 

SN 

SR 

TE 

TI 

TL 

U 

V 

w 
Y 

ZN 

VERIFIED BY D M  

METAL RESULT 

Sei en ium <l. 7 

Si 1 icon 7. 2 

Tin <. I 2  
Str on t i um 25 

Tel lur ium <. 10 
Ti tan i um c. 10 

Thallium <. 18 
Uvanium NA 

Vanad i um 0.169 

Tungsten <. 03 
Yttrium <. 002 

Zinc 22 

NA 

NA 

r ,  f - !  
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