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ABSTRACT

This final report documents the Torbett-Hutchings-Smith
Memorial Hospital geothermal heating project, which is one of
nineteen direct~-use geothermal projects funded principally by
DOE. The five-year project encompassed a broad range of techni-
¢51, institutional, and economic activities including: resource
and environmental assessments; well drilling and completion;
system design, construction, and monitoring; economic analyses;
public awvareness pregrams; materials testing; and environmental
monitoring. Some of the project conclusions are that: 1) the
155°F - Central Texas geothermal resource can support add1t10na1
geothermal development; 2) private sector economic incentives
currently exist, espec1a11y for profit-making organizations, to
develop and use thlS geothermal resource; 3) potential uses for
this geothermal resource include water and space heating, poultry
dressing, natural cheese maklng, fruit and vegetable dehydrating,
soft drink bottling, synthetlc rubber manufacturing, and furni-
ture manufacturing; 4) high maintenance costs arising from the
geofluid’'s _ scalihg and corrosion tendencies can be avoided
through proper analysis and design, 5) a production system which
uses a variable frequency drive system to control production rate
is an attractive means of conserving pataSitic pumping power,
controiling production rate to match heating demand, conserving
the geothermal resource, and minimizing environmental impacts.
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DOE DIRECT—USE GEOTHERMAL PON PROJECT

1. Project Title: Direct Utilization of Geothermal Energy
for Space and Water Heating at Marlin, Texas

DOE CONTRACT INFORMATION

2. Number: DE-AC08-78ET27059

3. Former No. ET-78-C-08-1154

4. Period: 5/15/78 to 5/31/83

5. Value: $1,144,174

6. Shares: ‘
- US DOE $ 868,440 75.9%
~ State of Texas 81,492 7.1%
- T-H-S Hospital 88,722 7.8%
- City of Marlin 5,520 - 0.5%

Central Texas S&L 100,000 8.7%

7. Project Application: Decrease the Torbett-Hutchings-Smith
Memorial Hospital's reliance on fossil fuel for space and
domestic water heating by directly utilizing the Marlin
geothermal resources 'in an environmentally acceptable
manner. '

8. Project Location: Marlin, Texas; 130 miles south of
Dallas, Texas

9. Well Name/Location: Well No. 1/T.J. Chambers A-12 Survey
5310 FEL & 12,020 FWL

€
10. Peak Heat Load: 4.8 x 10 Btu/hr
. ]

1l. Annual Heat Load: 11.5 x 10 Btu's

12. Break-Even Period: 12.5 years*

13. Project Status: The geothermal heating system officially
began operatlon in January 1982. Peak well temperature
has reached 155°F. Operation of the complete system has
been very satisfactory and has reduced the annual average
natural gas consumptlon by 61 percent. :

14. Principal Investigator: J. D. Norris, Jr.,

‘ | Administrator
15, Firm: T-H-S Memorial Hospital
16. Address: ‘ P.0. Box 60

A Marlin, TX 76661
17. Telephone: (817) 883-3561

*For profit-making organizations.
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Firm/Activity:

Address:

Phone/Contact:

Firm/Activity:
Address:

Phone/Contact:

Firm/Activity:
Address:

Phone/Contact:

Firm/Activity:
Address:

Phone/Contact:

-
C e . : .-

Radian Corporatlon/Geothermal Consultants
System Design & Test
Environmental Compliance
Public Awareness '
Materials Testing

8501 Mo-Pac Blvd.
P.O. Box 9948
Austin, TX 78766

(512) 454-4797/Marshall F. Conover,
Program Manager

P. E.

Layne Texas Company/Well Drilling &
Completion

Box 280098
Dallas, TX 25228

(214) 288-1087

Ham~Mer Consulting Engineers, Inc/Design
Review & Construction Coordination

1601 south I-35
Austin, TX 78741

(512) 444-6531/J.G. Meredeith, President

Spencer Associates/Building Design &
Architectural Coordination

117 East Seventh Street
Austin, TX 78701

(512) 476-3568/Ralph D. Spencer, AIA
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22.

Firm/Activity: Lochridge-Priest, Inc./System Construction

Address: 225 Lake Air Dirve .
o Waco, TX 76710 '

‘Phone/Contact: (817) 772-0670/James M. Kruse

ix




‘)




I
H

7

TABLE OF CONTENTS

Section

1.

2.

4.

INTRODUCTION e ceoossceocsoscescscossssscosvcsssasscccsccnsccsce

1.1 RepOrt FOIMatiseecescssossesccossscscsvesccvccssnne

1.2 ODJECLiVEBeeeeeroecesceceacosaccsscsassosscssasoans
‘ 1.2.1 US DOE Program Opportunity Notice

SolicitationS.ececcescccecccccccccccccccccces

1.2,2 Demonstration ProjecCteccececcecccccccascens

1.3 Project LOCatiON.cceeeeecesrescvcccaserccccscsccns

1.4 Pre-Project Backgroundeeeeeesssecccccccosssscscnes

1.5 Project SCOpP€eceececsccecsccccsecccssccsccsccssencns

1.6 Growth Potentia@leeeeeceececccsccocceccccscsssassas

SUMMARY....,O..........!.CC......................'..Q....

CONCLUSIONS AND RECOMMENDATIONS.cccccecccccccccccscoscce
3.1 Technical Conclusions and Recommendationseeseesses
3.2 Institutional/Environmental Conclusions and
RecommendationSeeeececcccoccccssccccscsscsccccacane
3.3 Economic Conclusions and RecommendationS.....e....

PROJECT DESCRIPTION¢scccccccsccccccccccscsosccccccccccnne
4.1 Task BreakdoWh...eeeeesessesosnaasenanees ceseceenn
4.2 Organization and ParticCipantS.eeeeeccecescccccccccs
4.3 Funding-B:eakdown.,.,,...,......,.................

RESOURCE ASSESSMENT......'....’..Q....I........‘.V......

5.1 Pre-Drilling Assessment.vﬁ.....OODOO,b.‘..’l.......'
5.2 Geothermal Energy EstimateS.ccececcecccssccccccnss
503 Drill Site Selec't‘ion",.Q..Ol......II....IOOVOOQ.’...

xi

o UWw NN -

10

11

17
17

19
20

23
23

23
26

29
29
35
35




TABLE OF CONTENTS (continued)

Section

6.

7.

8.

10.
11.
12,
135

14.

ENVIRONMENTAL ISSUES.....".O..'O'.............._.......

6.1 Pre‘Drill......‘..................................

6.2 Post-Drillﬂ'O.Q..Q..O..................".O._‘.....

INSTITUTIONAL ISSUES AND PERMITS.cceccoccccccccccceosse

7.1 Issues.‘.....'............l‘..‘...........’.......

7.2 _Permits...."........Q.............’..f..l_..q.f...

PRODUCTION DRILLING AND LOGGING.eeeeeeeesecesssosossos
RESOURCE TESTING.eecoccoccsscoccsccscscssccscssacosscsss
9.1 Geothermal Fluid AnalySiSeeeccececccccsscscccccccne
9.2 Flow and Temperature TeSting.ooeennereeannnnnnnnes
DISPOSAL DRILLING AND LOGGING:ecccoscsccccccsscccccccccne
DISPOSAL TESTING.cceoccoscocsccsccocsocoossoosocsosoonosose
APPLICATION ANALYSIS.ceeceacecscseccccosccscccsccosccsos
OBTAINING USER COMMITMENT............................--
SYSTEM LOADS AND DESIGN OVERVIEW.cecescocceccccescccccce

14.1 Natural Gas Lmds........".........0.......,....
14.2 Overview of Heating System Prior to Geothermal

RetIOfitoooooﬂoooo.o..ooooooocgo.oooooogoooono.oo

14.3 Overview of Geothermal Retrofit.c..ceccaveccceces

xii

37
37
38
41
41
. 42
45

49
49
49
53
55
57
61

63
63

63
68

)




o

TABLE OF CONTENTS (continued)

Section

15.

16

17.

18,

19,

20.
21.
,22;
23,

24.

25.

PRODUCTION SYSTEM DESIGN.....O............‘..0.........
15. 1 Materials Selection and Scaling PreventioNeececeiee
15 2 Production System Design.....'...........'.......
DISPOSAL SYSTEM DESIGN........................O.'..’...
TRANSMISSION SYSTEM DESIGN.eoeoeesoecesccccncscsscsncass
DISTRIBUTION SYSTEM DESIGN.oeoeeeecosososccsssssssssoss
APPLICATION SYSTEM DESIGN:...esesssssssssnssonannanaess
19.1 Domestic Water Heating and Laundry Dryinge...ecee.
19.2 Secondary Space HeatinNgeeeeoococsaccccoccsccccccce
19.3 Primary Space HeatinNgeeceeoccooceocsosocesescsccccccne
PRODUCTION SYSTEM CONSTRUCTION.....O...........CI......
DISPOSAL SYSTEM CONSTRUCTION...................O.......
TRANSMISSION SYSTEM CONSTRUCTION:cecececosccccosccscass
DISTRIBUTION SYSTEM CONSTRUCTION.....;......0.'........
APPLICATION SYSTEM CONSTRUCTION. .‘...................O..
24.1 Blddlng and Contractor Selectlon.................

24.2 Construction Activities..........................

SYSTEM MANAGEMENT AND ORGANIZATION.‘..C....‘..,....'....'

xiii

Eage
7
71
80
85
87
89
o1
91
94
94
99

101
103
105
107
107

109

111




TABLE OF CONTENTS (continued)

Section

26.

27.
28.
29.
- 30.
3l.
32.

33.

34,

PRODUCTION SYSTEM PERFORMANCE. .vecaccenccccccaccsacsccee
26.1 PerformancCe SUMMAIYeceecocseccoccsscocscsscscesccse
26.2 Well and Pumping System PerfOIMaNCE€eccccecccecscse
26.3 Heat Exchanger InSpectiONeeceecccececcscoscociscces

DISPOSAL SYSTEM pERFORMAﬁCE............................
TRANSMISSION SYSTEM PERFORMANCE..eccceccccsccscocoaconas
DISTRIBUTION SYSTEM PERFORMANCE. + ¢ e o e sveserescnocennene
APPLICATION SYSTEM PERFORMANCE. . ccccecoccocccocaccscces
CONSTRUCTION COSTSeeecocscscssoscssscecnnecancanancanesse
OPERATING AND MAINTENANCE COSTS.eeesccscscccccocscocscs

SYSTEM ECONOMICS......0..'......'.....'..O..Q‘.......C'
33.1 Non-Profit Organization ECONOMiCSeecccecsceccccoss
33.2 Profit-Making Organization EconomicCSeeececscecccocse

PUBLIC AWARENESS PROGRAM. . .eeeeeeeesocsonconcncsasccnss
34.1 ObjeCtivVeS.ceeesecssccccccssoccssoosssseccccoccss
34.2 Program ElementS.cccecccecccesccosccosccccscsossss
34.2.]1 Press ReleasSeS..eececcecvscccsccsssccccncs
34.2.2 Fact SheetSeieeeeseccccocscscccnccosonses
34.2.3 Site SigNSecececerrecenesscecocacescnanss
34.2.4 Lobby DiSPlaySececcecccccceccovesccccccscsse
34.2.5 Co0l0r BrOChUr@.cccecesaccccecccncccnnn ces
34.2.6 Automated Slide ShOWee.eeeeeeececsocconse

Xiv

113
113
114
117

119
121
123

125

127

129
131
132
134

137
137
137
138
140
140
143
143
143

)




-

Section

35.

36.

TABLE OF CONTENTS (continued)

MATERIALS TESTS FOR FUTURE CENTRAL TEXAS GEOTHERMAL
DEVELOPMENTS...'.............................Q.........

35.1

35.2
35.3
35.4

Test Design and ProceduUreSeccccccecccecccccccccccss
35.1.1 General DescriptionNeecceccccccceccsccscecs
35.1.2 Materials Tested and Examination

Methods......C.........l.................

Test Environment.;.'.........Q............'......—

Results...0..O........06..0.......0..00.....OQ...

Implications for Central Texas Geothermal
Development.......0....,.0..........'....‘.....C.

ENVIRONMENTAL MONITORING OF T-H-S MEMORIAL HOSPITAL

GEOTHERMAL DISCHARGE...’.700........‘C0.,....’.0.‘.0......‘.. B

36.1
36.2

36.3

36.4

Description of the Receiving Water BoGY.cecececees
Description of Sampling and Analytical

ProCeQULES.----cicocceacncecccncoccscsnsisssscnces
36.2.1 Sampling ProcedureSceccccccccecccscccscee

_36.2;2_ Analyses ProcedUreSecccccccccsssscscsccssce

Results of Field Measurements and Sample.

ANalySeSecseccecsccsvssccscscecsccscccscsccscssccscccsoscoce
36.3.1 Water Quality ANalySeSeceeceeeccccccccccocss
36.3.2 Aquatic Bi0lOQYececcceocoscscccccccccnane
36.3.3 Terrestial VegetatioN.eseesceesececsssoes
ConcClusSioNSececesescscoaccssasnscsscacacaccsssscscoacee

REFERENCES...OO...O;.........0............‘....Q‘..‘.....

Xv

145
145
145

147
150
154

- 164

169
171

174
174
176

179
179
188
190
193
197




TABLE OF CONTENTS (continued) S
Bags

.ApénNnrx At WELL DATAussecenssssascacsaasssssasoncngesscase 205
gppzunix B: INSTITUTIONAL pERMITsLAND»ApPkOVALSa,.é;.;.;,.;»vézlf
Aypaﬁnrx C: ACCEPTANCE TEST REPORT....;.\3,,;?,.,.;,,.{;¢.; 247.
APPENDIX Di PLATE HEAT EXCHANGERgINSPECTION Rspoﬁis»....;;; 261.

'APPENDIX E: CAPITAL COST ANALYSIS' FOR AN EQUIVALENT |
- * GEOTHERMAL HEATING SYSTEM.eceesseeessovacscecsy 273

APPENDIX F: PUBLIC AWARENESS DOCUMENTATION.cscescecsosossee 275

APPENDIX G: ENVIRONMENTAL MONITORING BIOLOGICAL AND |
| CHEMICAL LABORATORY ANALYSIS RECORDSessescesces 299

DISmIBUTION..QQQ....QQ....Q.....;Q......’.Q»Q...'......j..‘.... 321

/

xvi




LIST OF FIGURES

16t g

1-1 Location of Marlin, TeXaSeeeececsecceccccccoscscsses
1-2- Location of T-H-S Memorial Hospital in
: Marlin' Texas.l.........I.0.‘..'.l..................
1-3 Site Plan Of T-H-S Memorial HOSpital............o...
2-1 Impact of the T-H-S Geothermal Retrofit
on Natural Gas ComsumptioNececcecccocccnccncacicnccne
4-1 PrOjeCt schedule.......‘........O;..Q...............
4-2 Project Organization and ROleScsececccccscoccccccccce
4-3 Contributions By Project SpPONSOrSeecccsccocscccocsecs
5-1 Geoldgic Dip Section of Cretaceous Rocks
N in the Marlin Area..’.............'...................
7-1 State and Federal Geothermal Environmental
Permitting....'......Q............O..OO........QO.'I
8-1 T-H-S Memor1a1 Hospltal Well No. 1 Completion _
B Schematlc......'...‘.'.O.....................Q....l.
9-1 Flow Rate vs. Temperature of T-H-S Memorial
Hospital wellN°o 1...........0'..........‘........0
12-1 Utility Overview For T-H-S Memorial
Hospital......000...0..‘.'..‘.‘...............0;0...
14-1 Average Monthly Natural Gas Consumption
Prior to Geothermal"Retrofit............0‘.0........
14-2 T-H-S Memorial Hospital Heating System :
- overview....C..O...O...'...OO..O’...........'.O....I
14-3 Typlcal'Inductlon Unit in Secondary Heatlng
. SYStem.o..........’....‘........0'0..........9.‘....
14-4 Geothermal Heatlng System Overview..................

14’_-5 k

Overview Schematic of,Geothermal Retroflt......,....

xvii

Page

13
24
25
26

32
44
47
52
58
64
65

68
69
70




iqu

15-1
15-2
15-3
19-1

19-2
19-3

24-1
26-1
26-2

30-1

34-1
34-2
35-1
36-1
36-2
36-3

36-4

36-5

36-6

LIST OF FIGURES (continued)

Gypsum SCaling.TendenCy in T-H-S Fluidaoooco(ooooooo
Silica Scaling Tendency at T-H-Sooooooocooooooo'oooo
Production System SchematiCeececececccecccceccccssoes

Schematic of Retrofit to Domestic Water
Heating and Laundry DrYiNQeeceececccocccocscsovocsses

Schematic of Retrofit to Secondary Space

Heating......'..."........................'...',....

Schematic of Retrofit to Primary Space

Heating...l...CO..O..OQ..Q............O........-.....
Summary Of Bidding ProCEeSS.cececeeececcccacsncacnsss

Production Well PerfoOrmManCCececcccecccsccccscscscscasesss

Pump Production Rate as a Function

Of outdoor Temperature...0....0..........0..‘....0..

Comparison of Natural Gas Consumption
Before and After Geothermal.ceececccccccccccacccncne

T-H-S Hospital ArticleS.cececececcccecccccccccscccscs
T-H-S Project SigNecececcceserscccsocccscscccsossccnces
Materials Test LOOD ApParatUSecesccececccccccccoacacss
Map of the Discharge ROUt@.cceccscvsceccscecssccanes
Sampling Locations Near City Park Lak€eeececocooesscse

Sampling Locations Downstream From City

Park Lake..........'...Q....'..‘...'................

Recorded Monthly Precipitation in Marlin,
Texas During Study Period Compared to
Normal Monthly PrecipitatioNeceeccscecccccescacccscns

Daily Precipitation in Marlin, Texas
During the Study Period.eccecescccecescsccccccccnses

Measured Versus Predicted TDS Concen-
tration in City Park LaK€eecececcecocoscovocscocnocncss

xviii

Page

78
79
81

92

95

97
108
115

116

126
141
142
146
170

172

185

186
187

194




LIST OF TABLES

Table
1-1 DOE DIRECT-USE GEOTHERMAL PON PROJECTS:esceccocoscsss
1-2 MARLIN ENERGY RESOURCES COMMITTEE MEMBERSHID. . eeoo...
2-1 SUMMARY OF T-H-S MEMORIAL HOSPITAL GEOTHERMAL |
’ HEATING PROJECT...‘....,...‘..........................
5"1 GEOL%IC UNITS IN THEMARLIN AREA............-..--...
5-2 CHEMICAL ANALYSES OF WATER FROM TWO OLD
GEOTHERMAL WELLS IN MARLIN..........O.....".........
5-3 CHEMICAL ANALYSES OF WATER FROM HOSSTON
FORMATION FOR THREE AREAS SURROUNDING MARLIN.ecocecosee
7-1 SUMMARY OF PERMITS AND REPORTS GOVERNING NEW
GEOTHERMAL PRODUCTION WELLS REQUIRED BY TEXAS
, RAILROAD COMMISSION.......‘.’.........................
8-1 T-H-S MEMORIAL HOSPITAL WELL NO. 1 COMPLETION
N SPECIFICATIONS.........‘........................'....
9-1 GEOTHERMAL FLUID ANALYSIS FROM T-H-S MEMORIAL
HOSPITAL WELL No. 1...............O..................
 9-2 T-H-S MEMORIAL HOSPITAL WELL NO. 1 FLOW TESTING......
11-1 WELL INJECTION TESTING..’.......‘.....‘................
12-1 SUMMARY OF HEATING LOADS ADDRESSED BY GEOTHERMAL
ENERGY AT T-H-S MEMORIAL HOSPITAL- - e« ccvccecceoann- ..
14-1 SUMMARY OF PRIMARY SPACE HEATING AIR HANDLERS.:eeeee.
15-1 SUMMARY OF T-H-S GEOFLUID ANALYSES..eoeas--csn--- ceen
15-2 SUMMARY OF MATERIALS EVALUATIONS FOR T-H-S DESIGN....
15-3 PRODUCTION SYSTEM MATERIALS SELECTED FOR T-H-S
= DESIGN..Q............_......'...............'......'..
15-4 PRODUCTION SYSTEM DESIGN FEATURES. .o ccsvoscccssccnnsse
24-1 BIDS RECEIVED FOR THE T-H-S MEMORIAL HOSPITAL

GEOTHERMAL HEATING SYSTEMeccccccccoccccccscccccccosccs

xix

12
31

33

34

42

46

50
51
55

59
67
72
74

73
82

109




LIST OF TABLES (continued)

Table

31-1

32-1
33-1
33-2
33-3

33-4
35-1

35-2

35-3
35~4
35-~5
35-6
35=-7

36-1

36-2
36-3

BREAKOUT OF T-H~S GEOTHERMAL SYSTEM CONSTRUCTION

COSTS‘..............Q...‘......'.........‘.......-..’.

SUMMARY OF T-H-S O&M COSTS ESTIMATESooooo.oooi,oooooo
ASSUMPTIONS USED IN ECONOMIC ANALYSES.eecececesococes
SUMMARY OF NON-PROFIT ORGANIZATION ECONOMICS.eccceoes

TAX TREATMENT FOR PROFIT-MAKING ORGANIZATIONS
USING GEOTHERMAL ENERGY..oo.0.ooo.o.cb..o‘o.bo.o.ooo.

SUMMARY OF PROFIT-MAKING ORGANIZATION ECONOMICS......

COMPARISON OF T~H-S GEOFLUID PROPERTIES AND
GEOTHERMAL CORROSION CLASS Va PARAMETERS..ccccccccese

TEMPERATURE, FLOW, AND VELOCITY DURING T-H-S
CORROSION TEST...‘...-‘.......v...0.........'...,.‘.‘...

RESULTS OF ALLOY SPECIMENS EVALUATED BY RADIAN.......
RESULTS OF ALLOY SPECIMENS EVALUATED BY INCOeceoveeeoe

COMPRESSION SET OF THREE O-RING MATERIALS
AFTER 4627 HOURS EXPOSURE.......‘.........-.-...‘......

RESULTS OF POLYMER CONCRETE TEST.otooooncooooioo.oo.o

APPROXIMATE MECHANICAL PROPERTIES AND LIMITATIONS ON
NON-METALLIC CASING MATERIALS.......'..O.Q....’......

WATER QUALITY DATA FOR CITY PARK LAKE, BEAN BRANCH,

MCCULLOUGH SLOUGH AND BRAZOS RIVER IN MARLIN, TEXAS,
AUGUST 1979....'..................‘O.................
HYDROLAB® 8000 TECHNICAL INFORMATION:.:ceccocccccccsce

METHODS USED FOR WATER QUALITY CHEMISTRY OF MARLIN

SAMPLES......O................l...............'.“.'..

METHODS AND DETECTION LIMITS FOR TRACE METAL
DETERMINATIONS OF MARLIN SAMPLES..eccececcccccccoccas

XX

128
130
133
134

135
136

151

153
155
156

157
158

166
173
174
176

177




Table
36-5

36-6
36-7

36-8

G-1
G-2
G~-3

LIST OF TABLES (continued)

Page
WATER QUALITY SAMPLING DATA, CITY PARK LAKE,
MARLIN' TExAS.......l. ..... .................. ...... e e 180
REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE
To THE BRAZOS RIVER 5 MAY 1982...'..-................ 181
REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE
To THE BRAZOS RIVER 29 JULY 1982........'.......".... 182
REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE
To THE BRAZOS RIVER 5 NOVEmER 1982.................. 183
REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE
To THE BRAZOS RIVER 17 FEBRUARY 1983..0.....'........ 184
DOMINANT ALGAE FOUND DURING THE MARLIN STUDY IN
CITY PARK LAKE.........'................0...'.‘Q..... 189
CITY PARK LAKE PHYTOPLANKTON, 29 JULY 1983...ccccee.e 300
CITY PARK LAKE PHYTOPLANKTON, 5 NOVEMBER 1982........ 300
PERIPHYTIC COMMUNITIES, ABOVE CITY PARK LAKE |
SNOVEmER 1982...._'..,.'.‘........'.O........‘..’.......O 301
CITY PARK LAKE PHYTOPLANKTON, 17 FEBRUARY 1983....... 301

xxi




l. INTRODUCTION

._1-1 Be.pszx.LF_oJ;nLa_t

This final report follows a general outline which was
developed for all US DOE Program Opportunity Notice (PON) geo-
thermal projects. The intent of the outline is to provide
general uniformity in reporting format and content. Since the
scopes of the projects vary, some sections of the general outline
may not be applicable to all projects.e Sectionslnot applicable
to this report are so idehtified in those sections.

1.2 Objectives
1.2.1 \US DOE Program Opportunity Notice Solicitations

The private sector's use of geothermal energy for
direct heating within the United States has been quite limited to
date. Yet, there is a large potential market for thermal energy
in such areas as industrial processing, agribusiness, and space/
water heating of commerciel and residential“buildings. Technical
and economic information is needed ~to assist in 1dent1fy1ng
prospective direct heat users and to match their energy needs to

specific geothermal reservoirs. Technologlcal uncertainties and

associated economic risks have influenced potential user percep-

7t10n of profztab111ty to the p01nt of limiting prlvate investment

in geothermal directvheat app11cations.




L - In September 1977 and April 1978, the Department of
Energy, Division of Geothermal Energy (now 'the Division of
' Geothermal' and Hydropower Technologies), issued two Program
Opportunity Notices. These solicitations were part of DOE's
nationalvgeothérmal energy program plan, which had as its objec-
tive the near-term research and development of hydrothermal
resources by the private sector. Encouragement was given to
municipalities and the private sector by DOE offering to share a
portion of the front-end financial risk in a limited number of
field experimeht projects. After competitive evaluations, 23 PON
projects were selected from the two Program Opportunity Notice
solicitations. Subsequent events caused four of these projects
to withdraw from the program. : .

o To assist future final report searches, a list of all

19 DOE Direct-Use Geothermal PON Projects that w111 be using
this final report format is presented in Table 1-1. The DOE
report number will be of the form DOE/ET/2XXXX-N where 2XXXX are
the last five digits of the DOE contract number (given below) and
N is the sequential order of reports issued by the subject pro-
ject, printed by the federal government for general distribution,
and available through the National Technical Information Service
(NTIS).

This final report documents the DOE Direct-Use Geother-
mal PON Project in Marlin, Texas.

1.2.2 Demonstration Ptoject
The objective of this project was to demonstrate tech-

nical feasibility and to analyze economics of the direct-use of
geothermal energy. To meet this objective, space and domestic




DOE DIRECT-USE GEOTHERMAL PON PROJECTS.

TABLE 1-1,

Contract Number Project Name Location DOE Office
DE-FC07-78ET27054 Monroe Monroe, Utah 1D
DE-FC07~78ET27080 Haakon School . Phillip, South Dakota 1D
DE~FC07-78ET28419 Diamond Ring Ranch Haakon County, South :

R . v - Dakota , ID
DE-AC07-78ET28424 Ore-Ida Foods Ontario, Oregon . Ib
DE-FCQ7~78ET28441 St.Mary's Hospital  Pierre, South Dakota ID
DE-FC07-79ET27027 Utah State Prison Draper, Utah ID
DE-FC07<79ET27028 Madison County Rexburg, Idaho i
DE-FC07~79ET27030 Pagosa Springs’ Pagosa ‘Springs, COIOrado ID
DE-AC07-79ET27033 Elko Beat Company Elko, Nevada _ Ip
DE-FC07~79ET27053 Boise Boise, Idaho . Ip
DE<AC07-79ET27055 Warm Springs State W.S.S.H., Montana B
' o Hospital - ’ ID
DE-AC07-79ET27056 Utah Roses, Inc. Sandy, Utah - ID
DE-AC03~-78ET27154 Klamath Falls Klamath Falls, Otegon SAN
DE-AC03-79ET27029 Moana, Reno Reno, Nevada SAN
DE-AC03-79ET27040 Susanville “Susanville, California SAN
DE-AC03-79ET27045 El Centro E]l Centro, California SAN
DE-AC03-79ET27047 Aquafarms Dos Palmas Area, California SAN
DE-AC08-78ET27059 T-H~S Hospital Marlin, Texas NV
DE-FC08-79ET27058 Navarro College Corsicana, Texas NV

requirements of the Torbett-Hutchings-Smith (T-H-S) Memorial

Hospitalbin'narlin, Texas were augmented using local geothe:mal
energy. -

1.3 zr.o.ies.t_ms:ahi.qn

Marlin is the county seat of Falls County: Texas and

had a 1980 population of about 7, 100.. As depxcted in Figure 1-1,
Marlln is situated 130 miles south: of Dallas and 38 miles north—'

east of Temple.




Figure 1l-1 Location of Marlin,
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A map of the downtown area of Marlin, showing the
location of the T-H-S Memorial Hospital and Clinic complex, is
presented in Figure 1-2. The hospital is located at 322 Coleman
Street. Figure 1-3 shows a plan of the hospital site and out-
lines the relationship of the geothermal well, heat exchanger
building, and disposal line to the existing hospital.

1.4 Pre-Project Background

In an attempt to locate fresh water in 1891, the City
of Marlin dug a well to a depth of more than 3,000 feet. No
fresh water was found but two strata of hot mineral water were
tapped. At first the artesian-pressured mineral water was just
discharged, but soon the City bégan using it for fire fighting
and street sprinkling, and selling it to public bath houses and a
few private residences. Local citizens who drank and bathed in
the water reported its healing effect for avvariéty of ailments
from rheumatism to skin disorders. ‘

Stories of the mineral water cures spread throughout
the state and even the nation. By the late 1890's a flourishing
health spa business attracted trainloads of tourists and pa-
tients, the latter often arriving on stretchers and crutches. At
its peak in the'1920's; Marlin was the permanent training'site of
the New York Giants and was‘a fashionable resort. It supported a
prosperous industryvlof'hotels (including Hilton's eighth),
clinics, bath houses, and boarding rooms. This industry had all
but disappeared shortly after the Second World War as America's
fascination with mineral waters was replaced by the discovery of
"wonder drugs. " ‘

By 1970, the'atchitecturai reminders of Marlin's heyday
were still in evidence but the mineral waters were no longer a
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commercial attraction. However, energy shortages and rapidly in-
creasing oil and natural gas prices renewed community interest in
their hot mineral waters, now known as geothermal energy.

With the advent of soaring natural gas prices in the
1970's, concerned Marlin leaders began searching for ways to use
their geothermal resource. As an active Chamber of Commerce
member, Mr. J. D. Norris Jr., provided the leadership that led to
his hospital's response‘to the DOE 1977 PON by forming a special
Marlin Chamber of Commerce Committee on Energy Resources. As
shown in Table 1-2, this committee was constituted from a broad
cross-section of Marlin citizens and interests. It was chartered
to promote alternative enérgy resources in Marlin, including
geothermal, solar and lignite.

In November 1977, the T-H-S Memorial Hospital submitted
its proposal [T-H-S 19771 to the US DOE and the State of Texas
for a cost-share geothermal project based on the evidence of
known geothermal resources beneath Marlin. In May 1978, the US
DOE and State of Texas signed contracts with the T-H-S Memorial
Hospital and the project began.

1.5 Project Scope

v The overall scope of this project did not change over
its course of execution and consists of the following elements:

° Drill and complete a modern, low temperature
geothermal water well of high production
capacity.




TABLE 1-2. MARLIN ENERGY RESOURCES COMMITTEE
MEMBERSHIP
Administrator, T-H-S Memorial Hospltal
President, Marlin Chamber of Commerce
Director, Marlin Chamber of Commerce
. Attorney :

Mayor, City of Marlin
City Manager of Marlin
Director, Marlin V.A. Hospital
Manager, Wallace Business Forms
Owner, Marlin Mills
Farmers Home Administration
Superintendent, Marlin Ind. School
Publisher, Marlin Daily Democrat
Manager, Swift Dairy & Poultry Co.
Physician
Retired Citizen
Housewife
Minority Representative
President, First State Bank
Investments Firm
Manager, Central Texas Savings & Loan
President, Marlin National Bank
Sprinkles Motor Co.
W. M. Parrish & Co.

w

° Design and construct a geothermal heating
system that would provide long service in
augmenting the hospital's space and water
heating loads. '

° Dispose df'the spent geothermal water in an
environmentally acceptable and legal manner.

e Develép and conduct a public awareness pro-
gram to make others aware of the project's
feasibility and success.




1.6 Growth Potential
Crthh has,already been seen in Several areas.

o First, the Marlin Chamber of Commerce is now using the
City's original 1891 well to heat their offices and further
‘demonstrate to potential new businesses the future benefits to be
derived from a geothermal heating system.

, Second, as a result of the public awareness program,
scores “of organizations have learned of this project through
' presentations, news releases, media coverage and brochures.
Consequently, many industries have inquired about relocation to
Marlih and about its geothermal resource.

N More immediate growth is p0581b1e in that the maximum

output for the T-H-S well can easily achieve 600 gallons per
minute (gpm), whereas the hospital's peak demand is only about
160 gpm. Therefore, the potential exists to supply three more
"users of this size, or dozens of smaller ones.

10




2. SUMMARY

The objectives of the Torbett-Hutchings-Smith (T-H-S)
Memor1a1 Hospital geothermal heating project have been: 1) to
demonstrate the technlcal fea51b111ty of direct-use geothermal
energy, and 2) to use actual project data to analyze economic
incentives for geothermal 1n1t;at1ve in the private sector.
Several activities were undertakeh and completed during the five-
year‘ieffort which successfully accomplished these objectives.
Table 2-1 briefiy describes these activities. It serves as a
concise summary td‘the‘ptoject ana‘td this report.

Activities of primary interest in Table 2-1 include the
system monitoring and economic. analyses. It was from these
efforts‘that the hospital'senatural gas savings and the private
‘sector's ‘economic incentives were derived.‘ Figure 2-1 illus-
trates the impact that the geothermal retrofit has had upon the
T-H-S Hospital's natural gas consumptlon.' From the figure it can
be determined that: } ' ' '

] the mdnthly peak conEumbfion'hes been reduced by
75 percent (from 1740 MCF to 450 MCF)

° gedthermal heat provides 93 percent of the peak
heating loads which could be addressed by this
geothermal resource (i.e., excluding base loads
such as cooking, 180°F domestic water heating,
etc.) S S

11




TABLE 2-1.

SUMMARY OF T~H-S MEHORIAL HOSPITAL GEOTHERMAL HEATING PROJECT

Activity

S\mnary

Resource Assessment

Well Drilling, Com~
pletion, and Testing

Ervirormental and
Institutional Issues
System besign and
Material Selection

Bidding and Con-
struction

éystan Monitoring and

Dedication Ceremonies

Econamic Analyses

Public Awareness

Materials Testing

Environmental
Monitoring

Based on historical evidence of geothermal resource in Marlin and availahle
gealogic data, anticipated a hichly p:oductive 150*F resource having less than
5000 pom TIS at a depth of 3400 ft.

Instltut:ed measures to ptevent drilli.ng noise fram an envitormem:al
problem. Drilled 3885 ft. well which produces 153°F water at 300 gom. TOS
content is ~4000 ppm.  Maximum production rate ~600 gpom.

Anticipated disposa.l by mjecdon using old nearby well, but lnject:ion tests
proved this option unfeasible. Investigated other options and selected surface
discharge. After envirormental surveys and appropriate agenq reviews, secured
ap;:op:iate permits fo: surface discharge.

. Evaluated materials for their compatibility with the T-B-S geofluid. Prepared

preliminary and final designs which use a cascaded arrangement of plate heat
exchangers a.nd which adhere to mat:e:ials and _process constraints.

Issued plans and specificattons to andi&be contractors th:ough open bidding
process. Selected ‘contractor based on price and qualifications. - Construction
proceeded on schedule and system became fully operational in January 1982,
Conducted Acceptance Test and repared monitoring logs and Ope:ating Manual for
T8-S aospital personnel

Conducted a l-yr monitoring pha.se o monitot systen pe:formance, orimt !Hi-s
personnel, and assist-in troubleshooting as needed. No interruption of geother-
mal service has been experienced since system startup in January 1982. In April
1982, T-B-S Hospital sponscred & dedication ceremony which was well attended by

the ptess. Marlin citizens, pol:l.ticz.l figures and pzoject participants.

Performed econcmic analyses to evaltnte private sector mcentives for wntjnued
development of Central Texas geothermal resource. Concluded that larger heating
loads than those at T-B-S are likely needed before econcmics become attractive
for non-profit crganizations, but that econamics for profit-making orgamzatims
can begin to be attractive even at T-BE~S heating loads.

Throughout- the preject, implenented st:ategies to infom gene:al public about
geothermal energy and the T-H-S project, and to attract potential geothermal
users; Elements included press releases, fact sheets, site sig-ns, system dis-
plays. color -brochures, and audic/visual slide show.

buring actunl system -operation, conducted 7—mnﬂ1 corrosion test of common
materials of -construction in order to pramote widespread use of “the Central
Texas geothermal resource. JIdentified suitable materials and confimed the

'selections made for the T-H-S systen. )
Conducted field sampling and inspecr.ion of the geofluids surface discharge :oute

and analyzed envirormental conditions. - Concluded -that T-H-S discharge does not
significantly impact the regulated surface waters (Brazos River) in the dis-
charge route. Noted that the storm sewer catclment pond which first receives
the T-B-S geofluid ix in a stressed condition, but could not determine impact by
T-B-S discharge in the absence of baseline data.

12
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° the annual natural gas consumption has been
reduced by 61 percent (from 11,500 MCF to 4500
MCF) '

To evaluate the economics of future Central Texas
geothermal projects of similar size, two analyses were perfbrmed;
These analyses used actual T-H-S costs and savings data to ana-
lyze a system equivalent to that at T-H-S, except that first time
development and other similar costs were excluded. One analysis
considered a non-profit organization such as the T-H-S Memorial
Hospital, and the other considered a profit-making organization.
In each, discounted cash flow analyses were used to determine the
breakeven period (payback which accounts for time value of money)
and the real return on investment over the first fifteen years of
operation. * The results are:

° Non-Profit Organization
-- Breakeven Period 17 years
-- Return on Investment 0.2 % above inflation

over first 15 years

° Profit-Making Organization
-- Breakeven Period 12.5 years
-- Return on Investment 10% above inflation

over first 15 years

Two important factors affect these economics: tax
benefits and well utilization. The results illustrate that the
tax incentives currently available to profit-making organizations
have a significant‘impact on the economic incentives. Addition-
ally, the economics of both types of organizations could improve

*30 year system life expected

14




immensely if heating loads larger than those in the T-H-S system
were displaced with the geothermal heat. This improvement would
occur because the T-H-S heating loads are large enough to use
only about ten percent of the yearly energy which could be
extracted from the geothermal well. If the well, which is an
expensive capital item, were utilized more fully, greater savings
would be achieved at minimal additional costs, and economics
would improve.

15







3. CONCLUSIONS AND RECOMMENDATIONS

The T-B-S Memorial Hospital geothermal project has
encompassed a broed range,of technical, institntional, and econo-
mic activities, many of which haVe' been pioneering efforts.
Accordingly, a great deal has been - learned in the project, and
future geothermal development can,benefit greatly from the pro-
ject's conclusions. A total of fifteen'conclusions and recom-
mendations are presented below. They are organized as technical,
institntional/environmental, or economic. . -

3.1 Technical Conclusions and Recommendations

° The Central Texas geothermal resource near
Marlin can produce large Quantities of rela-
tively clean geo;hermal waters having'temper-
atures in eXcesssof 150°F. It is capable of
snpporting additional geothermalldevelopment.

° A producrion sYstem. which uses a variable
freguency drive (VFD) to control pump speed
and flow rate is a reliable, economic means
of conserving parasitic pumping power, con-
servmg the geothermal resource, and mini-
mizing environmental impacts. Such control

-‘systems should be strongly considered for
systems with fluctuating heating loads. '

17




This project has demonstrated that substan-
tial energy savings can be achieved for
geothermal systems addressing water and space
heating loads, even in relatively mild Texas
climates. Other heating loads, especially
process heating, which can use this 155°F
resource should be considered as geothermal
candidates. Typical candidate industries
include poultry dressing, natural cheese,
dehydrated fruits and vegetables, soft
drinks, synthetic rubber, and furniture
manufacture.

Careful consideration of the geofluids corro-
sion and scaling tendencies must be given in
the design stage'if these maintenance hard-
ships are to be prevented. Materials testing
results from this project should form the
basis for materials selections in future
geothermal projects having geofluids of
similar quality.

The T-H-S geothermal system has not exper-
ienced any interruption in service since
final start-up in January 1982, thereby
demonstrating that geothermal direct-use
systems can be reliable and dependable. Much
of this reliability can be attributed to the
corrosion and scaling analyses used during
the design stage.

Piping, valves, heat exchangers, and other

components contacting the geothermal fluid
must be closely specified in order to provide

18
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3.2 mmmﬂ&mmgmmﬂmund_xemmnﬂaﬂms

a long-lived system. Plate heat exchangers
with suitable plate and gasket materials
should be considered.

Geofluid disposal by injection requires
careful planning of the production/injection
wells couplet and careful design of the
injection well. These efforts are essential
if commuhicétion between the wells and
ihjectability problems are to be avoided.

Well drilling at the T-H-S Hospital was
accomplished at low noise levels and without
complaints from‘neafby residents or from
hospital patients. Drilling noise should not
be considered a hurdle for future projects.

Obtaining appropriate permits for this first
geothermal system in Texas required inter-
facing and coordinating with several
agencies, including the Texas Railroad Com-
mission, the Texas ‘bepartment of Water
Resources, the Texas Department of Health,
the Texas Air Control Board, and the U.S.
EnVironmental Protection Agency. Howevef:
most of these permits were readiiy obtained
and the effort required to secure them should

 not be considered a’v deterrent to ‘potential
geothermal users.  Potential users should,

19




‘hoviéver, allow time to secure the permits,
especially those relsted*“to environmental
issues. o '

° Thefemv1ronmente1‘mohitoring‘conduoted after
system‘start-up confirmed the environmental
sﬂélyses performed prior to geofluid dis-
charge, "and concluded that the T-H-S dis-
charge has no significant impact on the
regulated surface waterway (Brazos R1ver).
In the absence of baseline data, no conclu-

:“siohf”oodld be made 'regarding the stressed
condition of the storm sewer catchment pond
which first receives the geoflurd. It is
“therefore recommended that baseline biologi~-
cal sampling be included in future environ-
mental assessments for geothermal systems
proposing surface discharge.

‘e The monitoring logs and Operation Manual
‘prepared for the T-H-S system operators
familiarized the operators with the system,
provided troubleshooting guidelines, and
enhanced operator acceptance of the system.
Similar efforts are recommended in future
geothermal projects.

33 B'g'g'n"omis_Cmmlnsimm_anuemmmendath_" onclusio .

[ ) EcOnomic incentives currently exist for a
profit-making organization to pursue geo-
thermal systems using the Central Texas
geothermal resource, provided that a heating
load at least as large as that at T-H-s is

20




available.. Larger heating 1oads can
strengthen the 1ncentives. It is recommended
that facilities which can use substantial
amounts of energy at or below 150°F investi-
gate geothermalvopportunities.

PursUit,of'Central Texas~geothermal systems
by non-profitﬁorganizations'does‘not appear
economicaily ~attractive unless a heat 1load
‘significantly larger than that at the T-H-S
Hospital is available, or unless subsidies
are ~available to decrease the cost to the
organization.

The economic,attractiveness of Central Texas
geothermal development is due largely to the
well defined resource, and the associated low
risk in"olved in drilling a successful well.
To expand this attractiveness to the Trans-
Pecos (West‘ Texas) ~geothermal resource, as
well as other out-of-state resources, it is
recommended that efforts be undertaken to
- fully characterize the less-defined re-
 sources.

21







4. PROJECT DESCRIPTION
4.1 Task Breakdown

The pr1nc1pa1 tasks and subtasks are delineated in
Flgure 4-1, which dep1cts the "as-experienced"™ schedule for the
T-H-S Hosp1tal geothermal project at Marlin, Texas. Much trail
blazing‘was done in the permits,area for this was the first low

‘temperature geothermal well permit to be acquired in Texas and

the first geothermal surface disposal permlt. Additionally, PON
requlrements contributed to the lengthy schedule by- a) requir-
ing distinct and separate preliminatry and final designs and
reviews, and b) requiring a one-year demonstratlon phase of the

operatlng system.
4.2 Organization and Participants

A An organization chart showing all the participating
organizations and principals, and the roles they performed, is
presented in Figure 4-2. Mr. J. D. Norris, Jr., T-H-S Memorial
Hospital Administrator, acted as Project Director and coordinated
the functions of all the part1c1pants as well as 1nterfac1ng with
the two sponsoring agenc1es.

In addlt1on to the mentioned coordinatlon, the Progect
Dlrector presented the project to scores of invited engagements,
partic1pated at DOE review conferences, and kept the appropriate
governmental representatzves apprised on the pro;ect's status. A
large amount of coordination between many elements of diverse

interest was done.

23
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Figure 4-2

Project. .Organization
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4.3 Funding Breakdown

The cost of the project was shared by five sources.
Figure 4-3 graphically shows the portions of the projeCt costs
that were contributed by each. Not all funding sources contri-
buted funds directly, however. Listed below is the type of
contributions made by each.

e  US Department of Energy Funds
[ State of Texas Funds
) T-H~S Hospital Services-in-Kind
© City of Marlin Funds
® Central Texas S&L Donated Well Use

26




~ US DOE
$868,440 (75.9%)

City of Marlin
$5,520 (0.5%)

State of Texas

$81,492 (7.1%)

_T-H-S Hospital

. $88,722 (7.8%) :

_ Central Texas S&L
$100,000 (8.7%)

TOTAL FUNDING: $1,144,174 7

Figu;e 4-3 Contributions by Project Sponsors

27
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5. RESOURCE ASSESSMENT

The reéourée assessment done prior to drilling the
project's modern production well :eiied primarily on evaluations
of the known regional hydrogeology, and on historical data from
previously drilled wells near the project site. From this evalu-
ation, estimates were made of temperature at depth and quality of
produced fluids. Although not specifically quantified for this
project, data indicate that sufficient fluid volumes are avail-
able for long-term production at the required rate.

5.1 Pre-Drilling Assessment

During the proposal stage and prior to drilling, evalu-
ations to characterize the subsurface geology and water resources

were made using the available hydrogeological data on the region

around Marlin [T-H~S 1977 and Radian 1978]. These evaluations
were based on investigations performed by the Texas Department of
Water Resources, by the Texas Bureau of Economic Geology, and by
oil and gas exploration I[Cronin, et al., 1973; Hall 1976;
Klemt, Perkins, and Alvarex 1975 and 1976; Thompson 1972). Most
recently, the Texas Bureau of Economic Geology has conducted an
assessment of the geothermal potehtial in the Central Texas
region, within which Marlin is located [Woodruff and McBride
19791,

This region is genérally underlain by intensely

deformed (folded, faulted, and altered) metamorphic and metase-
dimentary rocks of Paleozoic age. ' These rocks are referred to as
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the "Ouachita fold belt," and are believed to be the source of
heat in the area. Above these rocks lie sedimentary rock of
Cretaceous age, primarily sandstone, shale, and limestone. The
most promising geothermal potential in the Marlin area occurs in
the lower part of these Cretaceous units, the Trinity Group. It
is thought that the Mexia-Talco fault system east of Marlin
provides a hydraulic interconnection for hot waters from the
deeper rocks of the Ouachita fold belt to the shallower aquifers
of the Trinity Group. A generalized geologic section is shown in
Table 5-1.

Three of the formations in the Trinity Group are impor-
tant waterbearing units. These are the Glen Rose, the Hensel,
and the Hosston. |

The shallowest formation, the Glen Rose, can produce
small to moderate supplies of water, but it is highly mineral-
ized. Analyses of Glen Rose fluid indicate a progressive
increase in the total dissolved solids (TDS) content from the
outcrop areas west of the Balcones Fault zone to the Marlin area,
down-dip to the southeast. Figure 5-1 shows the dip of the
geologic formations in the region, and the severe faulting which
has occurred.

A well penetrating the Glen Rose at Rosebud, Texas,
located about 18 miles south and slightly west of Marlin, yields
water with a TDS content of about 5,500 mg/l. Within the city of
Marlin, very near the project site, three old mineral bath wells
penetrate the Glen Rose. However, due to the depth of these
wells it appears that waters produced are mixtures of highly
mineralized Glen Rose and "sweeter" Hosston fluids. Fluid analy-
ses and temperatures for two of these o0ld wells are shown in
Table 5-2.
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TABLE 5-1.

GEOLOGIC UNITS IN THE MARLIN AREA

Era System Series and Group Formation

Approximate
Thickness
(feet)

Lithology

Recent and
Pleistocene Series

Cenozoic Quaternary undifferentiated Alluvium

0-60+

Gravel, sand,
silt, and clay

Navarro

Shale, marl,
and sand

Taylor

1150

Marl and limy
shale

Gulf
Series

Austin

200

Chalky limestone

Eagle Ford

Woodbine

100

Shale

Perruginous sand,
sandstone, shale,
sandy shale, clay

Buda

125

Limestone

Washitﬁ Del Rio

77

Shale

Georgetown .

Mesozoic Cretaceous

Edwards

338

Limestone

Hard, fossili-
ferous limestone
(often honey-
combed), shale,
chert, and
dolomite

Comanche
Peak

Comanche
Series

Predricksburg

Walnut

200

Limestone and
limy shale

Shale and
calcareous clay

Glen Rose

1000

Limestone

Hensel

10

Conglomerate, -
sandstone,
siltstone,
shale, clay,
limy clay, and
limestone

Trinity Cow Creek

Hammett

sligo

100

Limestone

Shale

Limestone

Hosston

700

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

Pre-Cretaceous
rocks

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

Source: Radian, 1978.
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TABLE 5-2. CHEMICAL ANALYSES OF WATER FROM TWO
: OLD GEOTHERMAL WELLS IN MARLIN

Concentration (ma/l1)

Parameter  (lsene  'dssms  "taesre  “irssors
et ‘ 248 | 182 13 g
- ng™t B 64 69 €9 66

Na* and ¥ 32 2,993 2,940 2,548

BCO, . _ 481 504 503 488
. 8oy | 4,906 4,375 ’ 4,330 3,437
a 1,546 1,615 1,580 1,598
si0, R YR - - a1

Fe 0.32° - - --

DS 10,512 9,482 9,360 9,625
'~ Bardness (as CaCo0,) 885 ’ 738 765 - 1,067

pHE (units) 7.16 - - -

Temperature (°F) 125 - 147 -

*Year in which analysis was performed.

Source: Klemt, Perkins, and Alvarex 1976.

The Hensel formation is a productive aquifer west of
Marlin, yielding small to moderate supplies of fresh to slightly
saline water. In'Marlin,'however; the formation is more shaley
with a net sand thickness of only 10 feet, effectlvely 11m1t1ng
this aqulfer s productlon capab111ty.

The Hosston fbrmation was the aquifer targeted for
drilling and develbpment for this'p:oject. It is the deepest of
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the productive formations in the Trinity Group, at about 3300
feet, and was expected to yield the hottest fluid, At Marlin,
the Hosston is about 700 feet thick. The Hosston is capable of
producing moderate to large quantities of water. Up-dip, to the
west-northwest, the formation has been an important source of
fresh drinking water to communities along Interstate Highway 35.
The Hosston water quality ranges from 1060 mg/1l to about 5450
mg/1l TDS in the area around Marlin, as shown'in Table 5-3. There
is a slight trend toward incteasing TDS levels from north to
south in the western part of Falls County. South of Marlin about
20 miles, the TDS content of Hosston water averages about 4950

mg/l, at a temperature of 154°F.

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

10-20 Miles ‘8 Miles 20 Miles
Parameter West? No:thb ' South®.
caatt 39 21 265
Mgt 10 4 47
Nat ana * 427 278 1,384
HCO7 426 455 205
sov 541 212 3,262
c1” 79 61 210
510¢ 32 279 105
Fe 0.88 0.57 , 0.48
TDS 1,449 1,062 5,445
Hardness (as CaCOi) 137 71 885
pE (units) 8.1 7.6 v 7.3

211 analyses from 7 wells
2 analyses from 2 wells
d5 analyses from 1 well
Single analysis

Source: Klemt, Perkins, and Alvarex 1976.
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5.2 Geothermal Energy Estimates

N From the data avaiiable for the 0ld mineral wells in
Marlin, it was ‘anticipated‘ that 'flruid 'tvemperaturv:res of at leaSt;
'147°F and probably up to 150°F could be expécted from a modern
‘production well at 4000 feet. This same data suggested that the
lower TDS of the Hosston fluids was diluting the more mineraliz‘e’d
.Glen Rose fluid produced from these old wells. Other well data
indicated that a modern well drilled into the Hosston at the
project site would yield fluid with a TDS content of 2500 to 3500
mg/1. Such temperatures and fluid quality would be sufficient
for a successful, trouble free geothermal heating system.

- Although no specific long-term production rate limit
for the project was estimated, the Texas Department of Water
Resources has identified that Marlin is an area where the Hosston
is ‘éapable of further development. Estimates in 1966 were that
an additional 6000 gpm could be produced from a 10 to 20 mile-
wide band of the aquifer passing beneath Marlin. The transmissi-
vity of the Hosston (the ability of an aquifer to transmit water)
at Marlin was measured to be about 16,000 gallons per day per
foot (gpd/ft). This value is among the higher ones reported for
the Hosston in the Central Texas region [Klemt, Perkins, and
Alvarex 19751.

5.3 Drill Site Selection

The proposed site for the new production well was on
the T-H-S Memorial Hospital property, midway between two old
mineral wells in the Marlin downtown area. The actual s_ité
' cdrresponds to the proposed site and is near one of the hospi-
tal's mechanical equipment rooms. This location, shown earlier
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in Figure 1-3, prevented diSruption of hospital traffic during
drillind.: And although the site was in the downtown area,
special‘dtilling provisions prevented excessive rig noise from
being heard by hospital staff and patients, or by nearby resi-

dents.
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6. ENVIRONMENTAL ISSUES
6.1 Pre-prill

As a project requirement, Radian prepared an Environ-
mental Report and submitted it to DOE in August 1978 [Radian
1978]. At this time, DOE'began its review of the environmental
issues via an independent project environmental assesSment.
Although the DOE Environmental Assessment'Document was delayed
until August 1980 [US DOE 19801 because of the uncertainty of the
exact fluid disposal method, DOE permiSS1on to drill was granted
1n early 1979.

During the environmental investigations conducted by
Radian Corporation. the single most important environmental issue
that arose was with regard to the drilling rig noise'during
drilling. This factor was of concern because the rig would be
drilling within 30 feet of the hospital and the rig would also be
in a downtown area. Obviously, if drilling were to be done on a
20-24 hour per day basis, it would be neceseary to provide a
quiet atmosphere for both the hospital patients and the neighbor-
ing‘residents. Such drilling provisions would be needed even
though the hospitai property.borders a Missouri-pPacific Railroad
track with 8 to 12 daily trains, 2 to 5 of which pass during the
hight.7 The train horns produce a very loud 95 dbA at the hospi-
tal center.~ : :
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Drilling noise levels are a function of the type of
diesel engines used, the number of engines, the type of muffler
employed, and the type of turntable drive. For the T-H-S hos-
pital production well activity, the Layne Texas Company employed
a'single Caterpillar diesel and a special large muffler. The
rig's turntable'was not a source of significant noise.

The precautions taken by the driller to reduce noise
paid off handsomely as no noticeable noise could be heard from
the rig while one stood in the hospital's parking lot. During
the three-month drilling and completing effort, while operating
20 hours per day and six days per week, not one complaint was
received from a patient or a nearby resident.

6.2 Post-Drill

The most significant post-drilling environmental factor
revolved around the disposal method for the spent geothermai
water. This issue was not a factor in the pre-drill assessment
because the conceptual approach had been to dispose by injection
using an existing well donated by the nearby Central Texas
Savings and Loan. However, actual injection testing showed a
great amount of injection pressure would be required, thereby
placing a significant operation and economic burden on the
geothermal users.

In addition, the observed permeability of the producing
formation was such that the donated well was far too close to the
hospital's well for them to be used for a production/injection
conplet. Had such been done, the injected cool water would have
returned to the producing well before being reheated in the
formation, thereby cooling the produced hot water. It was con-
cluded that a properly located injection well should be at least'
one mile away. Since this approach would have required obtaining
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and purchasing surface/subsurface rights, drilling an injectioh
well, constructing a pipeline, and providing much additional
pumping power, another disposal technique was sought.

Other alternatives such as direct input to the Marlin
surface water supply and chemical treatment of the geothermal
water prior to release were investigated and were found to be
unsatisfactory.

The disposal option eventually adopted was to surface
discharge into the Brazos River via the City's storm drainage
system and approximately five miles of creeks. Radian Corpora-
tion conducted an environmental survey of this discharge route
and the effects, if any, that it might have on the environment
[Radian 1979]. The Texas Railroad Commission--which regulates
all oil, gas and geothermal production and saline water disposal
in Texas-- conducted an independent environmental survey and also
concluded that the small production rates of the T-H-S Hospital
would not harm the Brazos River or cause its water quality
standards to be violated. Similarly, the T-H-S production would
not harm the surface waterways to the Brazos. The US EPA concur-
red by issuing its permit to discharge directly to the Brazos
River via the existing surface water courses. Appendix B con-
tains additional documentation on this disposal route, and
Section 36 details environmental monitoring which occurred during
geothermal system operation.
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7. INSTITUTIONAL ISSUES AND PERMITS

) Like most projects, all activities related to con-
struction (including well drilling) of the T-H-S Memorial
Hospital geothermal heating system were required to comply with
applicable federal, state, and local regulations.

7.1 Issues

The most significant institutional issue to be
addressed was that of the environment and what effect, if any,
the proposed project might have on it. The environmental review
responding to this issue was a project requirement ‘and was
separate from any later permitting requirements. Since federal
funds were used for the project, an Envitonmental Report [Radian
1978] was required by DOE as a precursor to its environmental
assessment [US DOE 1980]. This assessment was required under the
National Environmental Policy Act (NEPA) of 1969 for all federal
actions. Although the final Environmental Assésémeht Document
was delayed due to questions about the disposal permitting
ptocess, DOE eventually found that the projectrdidrnot signifi-
cantly affect the environment and issued a "Finding of No Sig-
nificant Impact" (FNSI) [Clusen 1980)]. Such a finding eliminated
‘the need for a more detailed en?ironmental,impaCt statement;

‘ Sections 6 and 36 discuss the environmental issues in
more detail. ' ' S
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7.2 Permits

The Texas Railroad Commission (TRC) has regqulatory
‘jurisdiction over all Texas geothermal operations, and receives
input, as required, from the Texas Department of Water Resources
(TOWR) to protect ground and surface water supplies. The typical
TRC permits required for drilling, completing, developing, and
testing a geothermal resource are summarized in Table 7-1.

‘Since the hospital owned the subsurface and surface
water rights to the property, a permit to drill was readily
obtained from the TRC. A licensed water well drilling firm was
used to insure compliance with approved drilling practices of
both the TRC and the TDWR. Contact was maintained with TRC field
personnel and City of Marlin officials during drilling, and
permission was received to temporarily discharge produced geo4
thermal fluid directly into the city storm sewer during the 24~
hour production test. Since the City of Marlin was an active
member of the project team, it supported the hospital in all
permitting efforts.

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

Permit

Number Description

W-1 Application to drill, deepen, or
plug back a geothermal well

W-12 Inclination Report

W-13 Cementing Report

GT-1 Geothermal Production Test
Completion Report and Log

GT-2 Producers Monthly Report of

Geothermal Wells

|

Source: Green 1982.
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fi : : By far the most 1mportant permitting 1ssue was that of
"‘long term geofluid disposal.. Responding to this issue :received
the most attention of all the permitting activities related to
the pro;ect [Radian 1979]. In the case of the hospital, a permit
to surface discharge was eventually received from the US EPA
(Appendix B)-, Figure 7-1 summarizes the env1ronmenta1 reviews/
assessments required for disposal by surface discharge and by
injection.~ - The bold tracks in Figure 7-1 indicate the steps
'actually taken during this pro;ect's env1ronmental permitting
process. Due to minimal emissions of atmospheric pollutants, the
project was exempted from the air emissions review by the Texas
Air Control Board (Appendix B).

,Not‘e* i'n Figure 7"-,1. that if EPA had determined the
hospital's discharge to be a "new source”, then further EPA
review and aSSessmentfmightmhave been required. However, with
DOE as the lead aéency in. the:project, thé environmental assess-
ment performed by DOE. would likely have led to a concurrence by
EPA on the DOE-issued FNSI. '

An additional review of the system design and approval
of the project plans were required from the Texas Department of
Bealth under the Hospital Licensing Standards and Life Safety
Code Standards. This approval (Appendix B) was obtained prior to
letting the pro;ect out for bid.
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8. PRODUCTION DRILLING AND LOGGING

As originally proposed, the T-H-S Memorial Hospital
Well No. 1 was to be drilled to approximately 3400 feet with
présshre, temperature, and fluid samples being obtained as
drilling progressed via drill stem tests. Electric logs were
also to be run. If from these tests it appeared that the
Hosston formation was ghé hottest and produced relatively low TDS
fluids, the well would be Lcompletea  in this formation only.
Otherwise, the other shallower productive formations in the
Trinity Group would also be completed. A 24 to 48 hour pump test
was planned.

An established water well drilling company, Layne Texas
Company of Houston, was contracted for drilling. Layne Texas
Company is familiar with the Central Texas area, having drilled
several municipal welis in the region and having reworked in 1967
the o0ld Central Texas Savings and Loan well (No. 602) located
about 800 feet east of the hospital. As contracted (pillard
19781 the well was to:be drilled and completed to a total depth
of 3400 feet with drill stem tests‘and well cuttings obtained
along the way to characterize prbductive zones. A set of logs by
a wireline service company, including induction, micro and gamma
ray density, and temperature, were included in the contract. A
" pump test was also specified.

Spud-in ceremonies took place on 13 April 1979 with
actual well drilling beginning on 16 April 1979. The well was
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completed and tested by the end of July 1979. During this period
eight to twelve persons were on site. Drill cuttings were hauled
to an approved disposal site. Other solid waste was disposed of
in the City of Marlin landfill. Su:face runoff and produced
fluids were discharged into the city storm sewer with the
approVal of state and local regulatory agencies.

During the drilling operation, careful evaluation of
the cuttings and formations indicated that a deeper well would be

more productive. Contract changes were made and apprbved,
resulting in a deeper well of slightly different construction
than originally planned. These differences are indicated in

Table 8-1. A full description of the drilling activities
including a drillers log, all tests performed, and the logs run
are included in the completion répo:tvaayne Texas Company 1979].
Appendix A contains some of this data. The final as-COmpleted
well is illustrated in Figure 8-l.

The present producing interval is located, as élanned;

in the Hosston formation, slightly deeper than originally
estimated.

TABLE 8-1. T-H-§ MEMORIAL HOSPITAL WELL NO. 1 COMPLETION SPECIFICATIONS

Original Well

Contract Final Well
Specifications Configuration
Item (length-£ft) Dimensions : (length-ft) Dimensions -
Casing 300 10-3/4 in. 0.D. 330 10-3/4 in. 0.D.
(31 1b/ft,J~55) (45.58 1b/ft,J-55)
2,800 7 in. 0.D. 3,090 8-5/8 in. 0.D.
(23 1b/£t,J-55) (28 1b/ft,J-55)
Blank Liner 110 $-1/2 in. 0.D. 240 5-1/2 in. 0.D.
(14 1b/ft,K-55)
Slotted Liner 200 5-1/2 in. 0.D. 270 5-1/2 in. 0.D.
Total Well Depth 3,400 - 3,885 -

Sources: Dillard 1978; Layne Texas Company 1979; Wolterink 1979.
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9. - RESOURCE TESTING

9.1 Geothermal Fluid Analysis

During each opportunity to produce fluid from the
resource, fluid samples were obtained from the well for analysis
of its chemical comp051tion. Samples were taken several times
during available production: testing periods: during drill stem
testing prior to well completlon; during pump testing and well
devélbpment after well completion; during the materials selection
period; and during the pump testing later conducted under a
separate effort by the Texas Bureau of Economic Geology. Samples
were analyzed by standard analytical techniques used by commer-
cial water and waste-water laboratories.

The typical composition of the fluid from the T-H-S
Memorial Hospital Well No. 1 is shown in Table 9-1. Note that
composition ranges are the results of slightly different analy~-
tical methods and operations employed by the different labora-
tories performing the analyses.

9.2 Elp.w_.and_:l'_emperature_‘reatmg

- Following final well completlon in July 1979, the well

contractor used a line shaft pump for a 24-hour production test
in which productlon rate, fluid level drawdown, -and producing
wvell temperature were measured. Thls pumping was also performed
to develop the well and to clean out debris from the producxng
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TABLE 9-1. GEOTHERMAL FLUID ANALYSIS FROM T-H-S MEMORIAL

| HOSPITAL WELL NO. 1 _
: : e
Number
: Mean Concentration - of Samples

Parameter (mg/1) ) Analyzed
Carbon dioxide 15.5-176 2
Hydrogen sulfide 0.05-<1.0 3
Conductivity 3930-45801* 5
pH x 6.2-7.3% 5
Total dissolved solids 3605-4235 5

‘ Totdl suspended solids 16 - -1
Aluminum : <0.1 3

- Ammonia '1.19-1.2 -3
Arsenic - <0.01 -3
Barium . 0,08-1.4 3
Beryllium v <0.02-0.03 3
Bicarbonate ' 128-222 5
Boron 1.4-1.72 2
Cadmium <0.01 3
Calcium 268-344 5
Carbonate 0 5
Chloride 83-114 5
Chromium <0.05 3
Cobalt <0.05 3
Copper E <0.05 3
Fluoride (total) 0.8-3.7 5
Lead <0.10-0.10 3
Lithium 0.45-0,60 3
Magnesium 35-46 5
Manganese (total) <0.05-0.55 5
Mercury <0.001 2
Molybdenum <1l.0 -3
Nickel <0.05 3
Nitrate <0.5 4
Selenium <0.01 3
Silica 31-40 5
Silver <0.02 3
Sodium & Potassium 765-1049 5
Sulfate 2054-2585 5
Zinc 0.04-0.06 3
Gross Alpha (Radioactivity) 1.4-1,95° 4

W

lumhos/cm
.2Standard units
IpCi/l

Sources: US DOE 1980; Radian 1979
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'formation around the well bore. Data on well recovery vere also

taken after shutting the pump down. " About one year later, the

Texas ‘Bureau of Economic Geology performed (under a separate
*effort) a similar pump test for 18 hours to determine communica-
-tion ‘between the T-H-8 Memorial Hospital Well No. "1 and the

older, shallower mineral wells in the downtown Marlin area.

o Table 9-2 indicates the r‘esults’ of these »production
tests. Originallyv, it was thought that the specific capacity
measured in the Bureau of Eco,nomic Geology pump test may have
benefited from that test's additional development of the well.
However, as shown in Section 26, the difference in specxfic
capacities is more likely due to seasonal changes in reservou:
performance.

?TABLE 9-2. T-H-S5 MEMORIAL HOSPITAL WELL NO. 1 FLOW TESTING

3 - : . - static Specific

. - Flow Rate - Temperature Fluid Level - Capacity

Method " Date e : Agpm) - (*F) o (Ee) (gpm/£t)
 Actesian. - 1/28/79 . - 75 140 - - 14.85 above -

: » _ ‘ ground level
Pumped 1721-28/79 307 183 - '198 below 1.4
S R I R ‘oo o7 .. gfound level . -. '

Pumped . 9/23-24/80 1310 153 140 below © 2.00
- : S : ) v _ .. .ground level

- Sources: Layne Texas Company 1979; Woodrufi isgo
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The temperature of produced geothermal fluid was mea-
sured at every available opportunity, during times of high volume
pumped production and during times when the well was allowed to
flow under attesian conditions. Figure 9-1 illustrates the
production temperatures that can‘be’expected from the well as a
function of production rate. At maximum production rates ex-
pected for the T-H-S system, a production temperature of 150°F
was expected. Maximum pdeuction‘temperatures of'approximately
155°F are achievable at higher production rates.

180
1o}
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150 .
,'Z 4o}
g
£ 10}
&
2
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-
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100 |
80 |
80}
Curve generated from TogF = 15.986 log (gpm) + 112.839
70 ¢+ & = observed temperatures 3
]
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Fluid Production (gpm)

Figure 9-1 Flow Rate vs. Temperature of T-H-S Memorial
Hospital Well No. 1
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10. DISPOSAL DRILLING AND LOGGING

Since no disposal well was drilled for this project,
this section is not applicable.
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ll. DISPOSAL TESTING

It was originally proposed that the old Central Téxas
Savings and Loan well 800 feet east of the hospital be used as an
injectioh well to dispose of the produced geothermal fluid. As
shown in Table 11-1, however, injection testing performed by the
well drilling contractor indicated that excessively high pres-
sures would be required to dispose the fluid by injection. Addi-
tionally, the wells were found to be too close for a production/
injection couplet.

It was at this point that the investigation of alter-

native methods of disposal was begun. Refer to Section 6 for a
brief discussion of these alternatives.

TABLE 11-1. WELL INJECTION TESTING

Initial Flow Final Flow

7 Rate/Pressure Rate/Pressure
Well o | Date (gpm/psig) (gpm/psig)
Central Texas Savings 7/31/79 21/175 10/175
and Loan , _ ’ , _
T-H-5 Memorial Hospital 7/30/79 2327200 . 126/340
Well No. 1

Sources: Layne Texas Company 1979; Radian 1979
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12. APPLICATION ANALYSIS

} Ohce'the well's temperature and flow characteristics
were ‘established ‘through’"resohrcei testing (Seé Section 9), a
check was made to verify that the proposedvheating loads could be
addressed with ‘this geothermal resource. In this check, the
temperature and flow réquirements of the hospital's heating
- systems were re-examined. It was concluded that not only could
the ;50°vaﬁoduction temperature address the ptoposed loads, but
that fresh air preheating ‘and linen drying could be added to the
addressed loads without additional production from the well.

To orient the reader to theuhospitai's heating system,
an overview of its utilities is presented in Figure 12-1. This
diagram shows that natural gas.is used for most of the water and
space heating, but that electricity also provides some space
heating. By extracting the'temperatures needed for each heating
load from Figure 12-1, one can see that the loads encased in bold
lines can be addressed by this gebthetmalfrespurce. In some
cases,. the 150°F is capable of ébmpletely displacing the loads.
In other 'cases, such as the 180°F domestic hot water loads,
geothermal energy can only supplement the heating, ,Tablé 12-1
summarizes this applicability of geothermal heatihg for the T-H-S
Memorial Hospital.

Table 12-1 evidences that the T-H-S heating system was
a prime candidate for a geothermal retrofit which uses a gascaded

heat exchanger arrangement. In such a system, the geofluid
passes through a series of heat exchangers, each of which is
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TABLE 12‘1;' SUMMARY OF HEATING LOADS ADDRESSED BY GEOTHERMAL |
e - ENERGY AT T-H-S MEMORIAL HOSPITAL e
m

. T-H-§ PR : . Temperature Geothermal
Heating Load = Ut111ty Dlsplaced Requirement Contribution
High Temperaturev  Natural Gas 180°F - Supplements
Domestic Water = SR '_ = : i
Laundry,Tumble- . Natural Gas - . -~ = 160°F - Supplements
Dryers : : '

Low Temperature Natural Gas  130°F Displaces
Domestic Water '

Secondary Space . Natural Gas 130°F = Displaces
Heating- (2-P1pe : '
Circuit) v

SecOndary,Space  Natural Gas ' 120°F Displaces
Heating (3-Pipe : : : :

Circuit) _

Prlmary Space : Natural Gas, 100°F Displaces
Heatlng (Return Electricity

Air Rooftop Air ,

Handlers)

Primary Space ' Natural Gas 90 F Displaces

Heating (Fresh
Air Preheating) .
LY , _ v

dedicated to a ‘particular heating load. The major benefit from a
cascaded arrangement is that the. heating system can deliver
maxlmum heat with minimum geofluzd production. The geofluid's
temperature progre581vely drops as it proceeds through the heat
exchanger cascade. The first heat exchanger supplles heat for
the 1load requlring the highest temperature.' The last heat
exchanger is for the load requirxng the lowest temperature.
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Of the seven heating loads presented in Table 12-1,
three were added to the system design as a result of the
application analysis. The 1aundry drying and the two primary
space heating loads were included becauSe they were readily
accessible systems which could be easily retrofitted. And be-~
cause these loads fit into the cascaded heat exchanger design,
their inclusion would not require additional geothermal
production. R
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13. OBTAINING USER COMMITMENT

This section is not applicable to the T-H-S project.
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14. SYSTEM LOADS AND DESIGN OVERVIEW

14.1 Natural Gas Loads

The T-H-S Memorial Hospital's natural gas profile prior
to the geothermal retrofit is shown in Figute 14-1. This profile
was determined by using heafing dégree day data to correct actual
1980 gas ccnsumptidn to an average year. The profile shows that
the consumptidn ranged from a summer low of 590 MCF (thousand
cubicvfeet) to a January high of 1740 MCF. The yearly consump-
tion totaled 11,500 MCF. Of this total, approximately 4500 MCF
was for space heating, approximately 2800 was for 130°F domestic
water heating, and the :emainihg 4200 MCF was for 180°F domestic
water heating, 1auhdary linen drying, cooking, and miscellaneous
gas loads. - ke

14.2 Qverview of Heating System Prior to Geothermal Retrofit

The hospital's heating system prior to the geothermal
retrofit is shown schematically'in Figure 14-2. This schematic
includes the domestic ‘water heating system, the primary and
se¢ondary»space heating systems, and the 1inen'tumb1e dryers.
The miscellaneous systems not retrofitted with geothermal are not
shown.

Figure 14-2 shows the pre-existing heating system to
rely primarily on natural gas-fired equipment. Low pressure
boilers produce steam which is passed through steam-to-water or
steam-to-air heat exchangers to meet the particular water or
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space heating load. Additional space heating is accomplished
with natural gas~fired furnaces in toqftop air handling units and
with electric duct heaters. The hospital laundry'facility also
uses natural gas to fire its three tumble dryers. " |

The domestic water heating system used two 650 gallon
hot water generators, operated in parallel, to érgvide 130°F hot
water for the hospital. These generators provide up to 1.01 x
10* BTUH (Btu/hr) for heatihg the domestic water. On demand,
part of the domestic hot water (DHW) leaving the generators is
boosted to approximately 180°F for the 1aundry‘and kitchen.

The secondary space heating system receives preheated
outdoor air from the primaty space heating system'and tempers it
to maintain individual room or zone comfort. Induction units
similar to that shown in Figure - 14-3 are used in all patient
rooms and also in many non-patient areas. A two-pipe circuit and
three-pipe circuit supply eecondary’heating water (SHW) to indi-
vidual induction units. A Valve operated by the room thermostat
controls SHW flow through the‘induétion units. Operating data
show the two pipe circuit to dellver up to approxlmately 0.46 x
10* BTUH for heating the hospital's th1rd floor, and the three
pPipe circuit to deliver up to approximately‘1.25 x 10* BTUH for
the first and second floors.

Seven air handling units (AHU) in the primary space
heating system use steam coils to preheat the large volumes of
outdoor air (OA) required for proper hospital vent1lat10n. Much
of this primary air is then fed to individual 1nduct10n units in
the secondary space heatlng system where it is tempered to main-

tain room or zone comfort. Three additional AHUs use gas-fired

furnaces or electric duct heaters to provide comfort for their
respective zones. 0perat1ng data show these ten. primary air
handlers, summarized in Table 14- -1, to provide up to approx1-
mately 2.06 x 10°® BTUH of space heatlng.
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‘TABLE -14~1. 'SUMMARY OF PRIMARY SPACE HEATING AIR HANDLERS

.Percent

' Heating

".Roof

Furnace

(Corridor)

S . Area Secondary
ARU Location -Outside Air . - Mechanism Served Heating Method
1 Boiler Room - 100 ~ Steam Coil First Floor Room Steam Coils
Roof ' (Surgery) i
2 Penthouse ME' = 100 . Steam Coil First and 3-Pipe SHW Circuit
Room'. n Second Floors (Induction Units)
3 . Penthouse ME 100 .steQm Coil First and 3-Pipe SHW Circuit.
“Room ! ) Second Floors (Induction Units)
4" Central Supply 100 " Steam Coil Pirst Floor None
o Room ° (Kitchen)
5 ‘Penthouse. ME 100 :Steam Coil Third Ploor 2-Pipe SHW Circuit
e Room ‘ _ (Patient Rooms) (Induction Units)
6 Penthouse ME 10 Steam Coil Third Floor None
“ ROOmM . (Nurses Station,
o , Hallways)
7 Pirst Flooi (4] Electric Fiiét Floor None
: Roof Duct -Heaters (Administrative
) ‘Offices,
Laboratories)
8 - First Floor 0 Steam Coil First Ploor None
‘ ME - Room (Kitchen)
8- ‘Firsf-rloot, 0 Natural Gas First Floor None
Roof. = - Furnace (Radiology,
. Corridors)
10 Third Floor 0 _Natural Gas Third Floor None

Source:

Radian 1980

.'ME- = -Mechanical -Equipment
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System

14.3 Overview of Geothermal Retrofit

The design strategy for the geothermal retrofit was to
s heating system upstream of the steam,
These components would be
their controls modified so they would
operate as a backup system. Therefore, the pre-existing system
if the geothermal system could not meet

intercept the hospital!
gas, or electric heatin
left operational with

would supply heat only
heating demand.

g components.
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As shown in Fiqure 14-4, the geothermal heating design
consists of a production system, a domestic water heating system,
two secondary heating water (SHW) systems, and a primary heating
water (PEW) systém. An overview schematic of this design's
interface with the pre-existing system appears in Figure'14-5;
Comparing Figures 14-2 and 14-5 shows that the geothermal system
operation resembles that of the natural gas system, except that
the geothermal well replaces the natural gas boilers.

More detail descriptions of the geothermal design are

presented in Sections 15 through 19. A site plan showing the
well location is presented in Figure 1-3.

GEOFLUID
\PRODUCTION

' DISPOSAL
PRODUCTION SYSTEM SYSTEM

—
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HEATING

PRIMARY
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2-PIPE 3-PiPE AHU'S

Low TuMBLe ~ CIRCUT CIRCUIT 1 THROUGH 10
TEMPERATURE DRYERS A J
APPLICATION sxerM « '.
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Figure 14-4. Geothermal Heating System Overview
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15. 'PRODUCTION SYSTEM DESIGN

The production system in the T-H-S Memorial Hospital's
geothermal heating system iS»defined to include the production
well, the submersible pump and its control system,sthe plate heat
exchangers, and the associated geofluid valvzng and piping. This
section includes a dlscussion of all these elements except the
production well, which is discussed in Section 8. Because pre-
venting corrosion and scaling is critical in geothermal systenms,
this section also'pdiscusses the steps’ taken to recognize and
remedy these problems.

15.1 Materials Selection and Scaling Prevention

Corrosion and scaling in geothermal Systems have shown
themselves to be critical problems. If addressed properly during
design, these problems can usually be overcome ecohdmically. If
not addressed properly, they can create many operatxon and main-
tenance (O&M) dlfflcultles and result in very high O&M costs.

v To determine the corrdsion, scaling, and other perti-
nent characteristics of the T-H-S geofluid, five fluid analyses
were performed. A summary of these analyses is presented in
Table,1541. The summary shows the fluid to have a total dis-
solved.éolids*(TDS) concentration of about 4000 mg/l, with the
major contributor beingvsulfates. The total suspended solids
(TSS) concentration is relatiVely low at approximately 16 mg/l.
Hydrogen sulfide, which is vagquely detectable by smell, is pre-
sent at concentrations of approximately 0.2 mg/l.
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TABLE 15-1.

SUMMARY OF T-H-S GEOFLﬁIﬁ ANALYSES

95% Confidence

Dtil} . s . . Standard Limits

Stem Pumped EWL PNL SWL Mean Deviation .Lower Upper
pH 7.25 7.33 7.15 6.16* 7.2 7.02 0.484 6.75 7.28

na/l ma/l na/l ma/l ma/l- ma/l ra/l ma/l ra/l
cl 114 87 84 95.7 82.7. 92.7 12,95 . 85.5 - 99.9
HCO, 222 168 171 164.3 128 170.7 33.55 152.0 189.3
co,’ 0 0 0 0 0 0 0 0 0
SOI' 2054 2256 2410 2585 2395 2340 197.99 2230 2450
H,s 0.2 <1 0.05 - Range 0.2 - 0.05
NH, 1.2 1.2 1.19  1.20 .006 1.19 1.20
s8io, 31 40 40 35.2 39.7 37.2 4.01 34.95 39.41
Na+K (as Na) 765 815 874 1049 1000 901 121 834 96 8
Mg ' 37 35 39 46.3 41.4 39.7 4.37 37.3 42,2
Ca ‘ 268 278 284 334 332.7 299.3 31.6 281.8 316.9
TDS 3605 3925 4037 4235 3862 3933 232 36804 4061
TSS - - - 16 - 16 - - -

iprill steam test -~ 18 June 1979
tpump test - Sampled after 23 hrs production at 307 gpm.. Temp = 152.6°F, 28 July 1979.
'1Sampled at natural flow conditions - 29 August 1979,
‘Sampled at natural flow conditions ~ 19 October 1979.
sSampled at natural flow conditions - 19 August. 1979.

$Wellhead Measurement -

1,2,3 Analyzed: by Edna Wood Laboratories, Inc.
4 Analyzed by Pacific Northwest Laboratories.
S5 Analyzed by Southwestern Laboratories.

Temp = 140°F.




Using these analyses and Radian's geothermal corrosion
and failure analysis experience [Ellis and Conover 1980; 19811,
candidate materials of construction were categorized as not
acceptable, not recommended, ‘provisionally acceptable, accepta-
ble, or recommended. Table 15-2 presents the pertinent results
for various standard materials of construction. Using these
results,,the materials in Table 15-3 were selected for the geo-
fluid stream. Materials ‘testing done during system operation
(Section 35) confirmed these selections. Note that these mater-
ials restrictions apply only. to components wetted by the geo-
fluid. ‘Standard,heating'system‘materials'were used otherwise.

In addition to corrosion, scaling caused by the geo-
fluid is a critical problem which can inflict high maintenance
costs on a geothermal system. In_its least severe forms, scaling
fouls heat exchanger surfaceés and reduces'the heat delivered to
the system. In more severe cases, scaling can plug pumps,
piping, and heat exchangers, and can render a system inoperative.

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

Component(s) - . . . Material Selected
e Production Piping ‘ Schedule 80 carbon steel’
(in the vell) R -
' e Surface Piping i - : HSChedule'ao CPVC
e Valves CPVC body with 300 series.

stainless shaft and Buna-=N
or Viton elastomerics

© o Beat Exchanger Plates . Type 316 stainless steel 1
- o_”Pump Bowls and Impellers ‘~Ni-Resist
| "o Pump Shaft ' © Monel KS00'

¢ Pump Bearings . - - . . . Leaded Red Bronze',

'Carbon steel suitable in. this application since pump is expected

to be replaced at approximately 7 year intervals, at which time
‘.tuoing may be inspected and replaced as needed.

Standard materials in selected submersible production pump.
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TABLE 15-2. SUMMARY OF

MATERIALS EVALUATIONS POR T-H-S DESIGN!,* .

bart

Material -of
Construction

Corrosion Comments

Delignlcomments

Pipe/Tubing

Carbon steel
(mill scale free)

Oxygen-free corrosion rates

acceptably low. Oxygen
contamination greatly
accelerates corrosion
(by up to ten-fold).

Must exclude oxygen.

Avoid threaded joints
because of maintenance
problems. Protect

exterior.
Carbon steel | Mill scale cathodic to’ Not Acceptable
(with mill scale) clean metal. Will cause .
rapid pitting of pipe at : :
. defects in scale. o ]
Galvanized Zinc.not ptotectivé at nﬁ:_Agggngnnlg
operating temperature. : )
o May promote rapid pitting;' ) .- ]
Stainless Steel See Heat Exchanger Plates Acceptable

below

Plastic Pipe

Corrosion resistance good.

Temperature resistance of
CPVC, FVDF, and poly-
p:opylene suitable. Some

fiberglass reinforced piping

carries risk of fraying
after extended gervice 1if

not specified closely. PVC
temperature resistance not

suitable.

-Reécommended
CPVC likely most cost

effective.

Copper

H,S attacks copper, and
copper-zinc alloys risk
E,S dezincification.

—

Valves

Carbon steel body
‘and trim.

Trim life not accepable.
XNot Recommended '

Carbon steel body -
AISI 300 series
trim, .

Trim life satisfactory.
Acceptable

Carbon steel body -
AISI 400 series
trim.

Pitting of trim probable.
Not Acceptable.

2
Brase body with
brass trim and
stainless steel
stem.

Corrosion rates probably
satisfactory. Cathodic .
to steel piping. Poten-
tial galvanic effect
probably not severe.

Plastic body with
plastic trim

Corrosion tesistancé«gcod.
Temperature resistance of
CPVC, PVDF, and poly-

propylene suitable.
Recommended

Probable failure trim-
related. Valves should
be easy to remove and
maintain. Wafer valves
recommended.

Gate/Globe valves not
recommended because of
plug/stem corrosion pro-
blems and reciprocating.
stem motion which causes
seal failure.

Ball or Bubterfly
yalves recommended.
Minimal seal  problens.
AISI 300 series or
elastomeric seat

(Buna N, Vlton. TFE)'
satisfactory.

Gate valves. Poten-
tial stem/seal problems.
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TABLE 15-2. SUMMARY OF MATERIALS EVALUATIONS FOR T-H-S§ DESIGN (Continued)

Material of

‘Corrosion Comments

besign Comments

bronze

than nickel free alloys.
Acceptable

Part Construction

T304 Stainless Low uniform corrosion rates. Plates should be stress
Slight possibility of stress relieved after forming.
corrosion cracking. Can be .
acid cleaned.

T316 Stainless Low uniform corrosion rates. Plates should be stress
Risk of stress corrosion relieved after forming.
cracking less than for T304. .

Can be acid cleaned.
Heat
-Exchanger Incoloy 825 Should be equivalent to Stress relieving not
Plates T316 except immune to stress required. More expen-
corrosion cracking. Can be sive than T316.
- ‘acid cleaned. Acceptable.

Titanium Should resist pitting and Scratching with steel
crevice corrosion. . Not tools or brushes may
susceptable to stress cause pitting.
‘corrosion cracking. Very Expensive.
low corrosion rates com- .
pared to T304, Can NOT be
acid cleaned.

Pump Cast Iron Uniform corrosion rate pro- Must exclude oxygen.
Bowls bably low.
" Ni-Resist Superior to cast iron. May be cathodic to Monel
* Cast Iron o K500 (see shafts below).

Coated cast Numerous proprietary Damage to coating may

iron or steel materials available. cause accelerated
General geothermal experi- pitting. Extreme care
ence is that many coatings. in handling and instal-
give good service for lation required.
three to five years. :
Acceptable,

"'Aluminum bronze Probably low corrosion rate. Potential for galvanic
) Immune to stress corrosion corrosion of impellers
cracking. Recommended. if coupled to 17-4PH.
Pump -
Impellers Aluminum nickel May corrode more rapidly Little galvanic effect

if coupled to Monel
K500.

Copper~zinc

Great risk of dezincifi-
alloys cation of even "resistant
alloys."
Alloy 20 Slight risk of stress Little galvanic effect
CN=-7M corrosion cracking. Do if coupled to 17~ 4PH.
not allow oxygen contami- If coupled to Monel KS00
nation. Acgeptable. may cause pitting of
. : Monel K500.
Ni-Resist See ‘pump bowls above.
Cast Iron Recommended.
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TABLE 15-2. SUMMARY OF MATERIALS EVALUATIONS FOR T-H~S DESIGN (Concluded)

Material of ) :
.Part i Construction: -Corrosion Comments Design Comments
Monel K-500 Design restriction must Shaft must be elec-
be met. Widely used in trically coupled to
Pump oil patch. Recommended. appreciable area of more
Shafts active metal such as
: cagt iron or carbon
v steel bowls.
17-4FH - Resists localized attack
in T-8-S fluid.
Recommended.
SAE 660 or other Experience in other low
: high lead bronze temperature (<212°'F)
Pump bearings service indicates this
Bearings material satisfactory.
at T-B-8 levels of H,S.
Other bearing Other geothermal line-
materials such as shaft pumping experience
TFE, Nylen 6/6. indicates TFE resists
corrosion and has tempera-
ture resistance to above
300*F for lineshaft
bearings. Acceptable.
Shaft - Component usually stainless
Coupling steel. Satisfactory unless
. AISI 400 series used.
shaft/ . Tapexlock ~- crevice ,
Impeller corrosion could cause
Coupling rapid failure due to i
slippage of impeller and
gauling of shaft.
Split ring and key -
preferred because less
susceptable to crevice
corrosion. Key should
be cathodic to impeller
and shaft.

1. Evaluations performed during design phases. Materials testing during system operation
documented in Section 35.

2. Retrospective note: Under yalves, "brass® ghould be restricted to leaded red bronzes,
aluminum bronzes and aluminum-nickel bronzes only. Under pump impellers, leaded red bronze
is probably acceptable. Please refer to section 35 for detailed corrosion test results.

Source: Updated from Radian 1979.
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To quantify the scaling potential of the T-H-S geo-
fluid, three scaling analyses were performed. In examihing
gypsum and silica scaling potentlal, the actual ion concentration
products in the T-H-S geofluld were compared to the solubility
products over the range of temperature expected in normal opera-
tion. If the actual ion concentration prbducts of the T-H-S
fluid are less than the solubility products, then scaling is
thermodynamically forbidden. Figures 15-1 and 15-2 graphically
preSént results of the gypsum‘and silica analyses. These figures
showed that a slight chance for gypsum scaling exists, but that
silica scaling is not expected. |

. ~ The tendency for calcium carbonate (CaCO,) scaling was
determined by comparing the pH of geofluld samples with the
Lowenthal-Marais-Langelier calcium carbonate saturation pH
[Lowenthal and Marais 19761 of the T-H-S geofluid. It was found
that the pressurized wéllhead geofluid samples were undersatur-
ated with calcium carbonate indicating no potential calcium
carbonate scaling problem. But as the dissolved carbon dioxide
off-gased from the samples, the pH increased until a potential
calcium carbonate scaling problem was indicated.

To quantify this problem, wellhead pH and ionic species
concentrations were used as inputs to a comprehensive computer-
- ized aqueous equilibrium program. The partial pressure of carbon
dioxide in the reservoir and the ;system‘ operating pressure
required to prevent off-gasing were calculated. From this analy-
sis it was concluded that maintaining the geofluid above 5-10
psig would keep the carbon dioxide in solutioh, thus keeping the
fluid pH low enough to prevent calcium carbonate scaling.
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‘Calcium Sulfate Activity Product
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Figure 15-1 Gypsum Scaling Tendency in T-H-S Fluid
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Figure 15-2 Silica Scaling Tendency at T-H-S (Shaded
area denotes + 2 sigma ranges)
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As discussed in Section 26 and Appendix D, inspection
of the completed T-H-S system after seven months of normal opera-
tion disclosed no evidences of scallng by gypsum, silica, or
calcium carbonate.

From the corrosion and scaling analyses also grew some
important design strategies for the geofluid components:

° Design a closed geofluid system to minimize
oxygen intrusion and therefore corrosion;

° Minimize use of valves having a reciprocating
stem action to minimize stem scale buildup;

® Use plate type heat exchangers, which provide
‘high levels of corrosion resistance at accep-
table costs, and high fluid turbulence to
discourage scaling; and.

° Maintain system pressure at approximately 8
psig or above to discourage CaCO, scaling.

As discussed in Sections 26 and 35, adherence to these design
strategies and materials recommendations has provided a highly
reliable heating system which should be long-lived.

15.2 Production System Design

A schematic of the T~H-S production system is presented
in Figqure 15-3. In this system, a submersible pump produces
géofluid for four plate heat exchangers which transfer the geo-
thermal heat to the various hospital heating loads. Features of
the production system are summarized in Table 15-4. Those of
particular interest are the submersible pump and its variable
frequency drive (VFD) control system, the airtight wellhead with
a vacuum breaker, and the Btu meter.
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TABLE 15-4. PRODUCTION SYSTEM DESIGN FEATURES

Design Feature

Comments

Submersible pump

Air line

Air tight Wellhead with
Vacuum Breaker

Variable Frequency Drive
Control System

Btu Computer

Plate Heat Exchangers

Backflush lines

.Suitable materials of con-

struction, easily installed
and pulled.

Enables drawdown and well
productivity to be tracked

Limits the air changes in the
well bore as pumping rates
vary, thereby reducing oxygen
in well bore and its corrosive
effects

Varies production rate to match.
heating demand, thereby con-

serving pumping energy, conserv-
ing the geothermal resouce, and
minimizing environmental impact

Measures instantaneous flow rate
(gpm) , temperature drop, and
heating rate (Btu/hr), and
totalizes flow (gal) and heat
delivered (Btu)

Economically provide high
corrosion resistance, high
heat transfer coefficients,
close approach temperatures,
scaling resistance, easy
cleaning, and minimal floor
space requirements

Enables heat exchangers to be
routinely backflushed to
discourage scale buildup
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The submersible pump is a five-stage Centrilift S-175
with a twenty horsepower motor. 1Its production tubing is 4 inch
schedule 80 carbon steel pipe, with schedule 80'being chosen to

: provide additional corrosion ailowence.' The pump's speed is

controlled by the VFD control system to produce from 35 to 160
gpm. This control system operates by sensing the geofluid system
discharge temperature and adjusting the pdmp speed according to’
that temperature. Since the dlscharge temperature is a dlrect
measure of the heatlng demand, the flow rate is automatically
adjusted according to demand.

Aside from providing an importaht control function,
this VFD system also has other benefits [Ferguson and Green
19811. Since the pumping power varies as the cube of the speed,
the VFD saves significantly on parasitic power. An eco‘nomie
analysis showed that the VFD should pay for itself in electricity
savings within its expected fifteen year life. Also, since only
that fluid required to meet heating demands is produced, the
geothermal resource is conserved. Similarly, environmental
1mpacts are lessened since less geofluid must be . dlsposed. In
addition, although VFD's have shown themselves to be reliable, a
VFD bypass which enables the pump to run "across the line"
is provided.

Another notable production system feature is casing and
production tubing corrosion protection provided by the airtight
wellhead assembly. By sealing the cable and its penetratioﬁ
through the wellhead, and by installing a vacuum breaker, the
wellbore serves as a compression tank. Only during those few
instances of peak heating demand, when the pump is running'ay
full speed and the water level is lowest, will the vacuum breaker
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open to allow air into the wellbore. And this intrusion is
minimal because'the pressure inside and outside the wellbore is
nearly equal. At all other times, the vacuum breaker is closed
and the wellbore becomes a closed system.

The third especially notable feature of the production
system is the Hersey Model 7003 Btu meter. This microprocessor
system uses a turbine‘flow meter and two temperature sensors to
continuoﬁsly monitor flow rate and temperature drop, and to
compute total production (gal) and heat delivered (Btu). Each of
theée measurements-—gpm, temperature drop, Btu/hr, gallons, and
Btu's--can be digitally displayed on the face of the meter.
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16. DISPOSAL SYSTEM DESIGN

Because discharge into the City's storm drainage system
is an appropriate disposal method for the T-H-S system (Refer to
Sections 6 and 36), the disposal system is simple. It consists
only of approximately 420 feet of'buried, uninsulated CPVC pipe
and a backpfessure valve. The backpressure valve's purpose is to
maintain at 1east an 8 psig pressure within the geofluid produc-
tion piping at all times. As shown in the scaling discussions in
Section 15, maintaining this pressure prevents calcium carbonate
(CaCO,) scaling.
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17. TRANSMISSION SYSTEM bESIGN

~ Because the production well is on the hospital
premisés and within 20 feet of the heat exchangers, this section
of the report is not applicable to the T-H-S system.
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18. DISTRIBUTION SYSTEM DESIGN
Because the production well is on the T-H-S Hospital
premises and because the hospital is the sole user of the
geofluid, this section is not applicable.
-
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19. APPLICATION SYSTEM DESIGN

The application sYsten for the T-H-S Memorial Hospital
uses geothermal energy for domestlc water heatlng, linen drying,
and space heating. Four cascaded plate heat exchangers extract
the geothermal heat for these uses. The first is dedicated to
domestic water heating and linen drying. The second and third
are dedicated to Secondary space heating, and the fourth is
dedicated to primary space heating. Each of these subsystems
within the application'system,is described below.

In this system, shown schematlcally in Figure 19 -1, the
hot water generators (HWG) piping was modified for series rather
than parallel operation. HWG-1 is maintained at its desired
temperature by a thermoStatically'controlled pump which circu-
lates DHW through heat exchanger 1l (HX-1). Thus, BWG-1 becomes
the geothermally—heated storage tank and HWG-2 becomes, if
needed, a boosting tank. However, since the previously existing
DEW pump continually 01rculates DHW from HWG-l to BHWG-2, the
boosting is seldom needed.

In the unlikely event of a heat exchanger leak, two
methods of preventing geofluidv(GF) from entering the DHW system
are provided. The first is pressure differential. As shown in
Figure 19-1, the entering geofluid pressure at full flow is
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approximately 40 psig and the exiting DHW pressd;e is approxi-
mately 50 psig. Therefore, a leak condition would result in DHW
entering the geofluid stream rather than vice versa.

‘ The second method uses a conductance probe‘in the heat
exchanger exit stream to continuously monitor DHW conductance.
If an intrusion occurs, two automatic valves bypass flow around
the heat exchanger and an alarm alerts the operator to the condi-
tion. By checking the conductivity of makeup water with the same
monitor, the operator can determine if the alarm is false. 1In
either case, corrective action is defined in the system O&M
manual [Ferguson and Green 19821].

It should be noted that, because the geofluid is rela-
tively "clean," this monitoring is mainly used to preveht a
detection of the gecondary drinking water standards (those
related to taste and other aesthetic qualities). Such a viola-
tion would occur at approximately 7.2 percent leakage*, while the
monitor permits detection of a 5 percent leakage. Violation of
the primary drinking water standards”(those related to health and
safety) would not occur until a 98 percent leakage occurred. The
monitoring also therefore guards against violation of primary
standards. T '

The tumble dryer air preheat uses a hot water coil
installed in each of the three dryer air intakes to preheat air
entering the dryers. ‘A manually controlled pump is operated by
laundry personnel to activate the air preheat when the dryers are
being used. ‘ ’

*Mixture of geofluid and DHW containing 7.2 percent geofluid.
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19.2 Secondary Space Heating

Most of the secondary space heating at the hospital is
accompliShed by circulating secondary heating water (SHW) through
room induction units (refer to Figure 14-3). Two SHW circuits, a
2-pipe and a 3-pipe, exist. The 3-pipe circuit services the
first and second floors, and the 2-pipe circuit services the
third floor. A plate heat exchanger is dedicated to each because
the circuits operate at different temperatures. The 2-pipe
circuit requires up to 130°F SHW, while the 3-pipe circuit
requires only 120°F.

Figure 19-2 is a schematic of the retrofit for the
2-pipe circuit.  The 3-pipe circuit is similar. As shown, the
SHW return is diverted as needed to the plate heat exchanger
prior to reaching the convertor. The three way modulating valVe

- controls the amount of water bypassing the heat exchanger accord-

ing to heating demand. It is staged with the convertor's steam
valve such that all the SHW flow passes through the heat ex-
changer (i.e., maximum heating) before the steam valve opens to
provide supplemental heating. Only during about five percent of
the heating season should the steam valve ever be needed for
either the 2-pipe or the 3-pipe circuits.

19.3 Primary Space Heating

Retrofitting the primary space heating system with
geothermal required installation of a primary heating water (PHW)
circuit. The PHW in the circuit is a 70 percent water/30 percent
propylene glycol solution. This anti-freeze solution provides
protection in the event circulation is lost during freezing
weather.
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The schematic in Figure 19-3 shows that the PHW circuit
supplies heat to four air handlers in the penthouse mechanical
room, to three other remote air handlers, and to three rooftop
air handlers. The PHW retrofit uses two pumps in parallel to
circulate PHW from a plate heat exchanger through the four pent-
house air handlers. A third pump will extract some of the PHW
leaving the penthouse to provide heat for the remote air handlers
within the building. Similarly, a fourth pump will circulate PHW
through the rooftop units. Each pump is thermostatically con-
trolled to operate according to heating load. The overall
pumping scheme is a primary/secondary system in which the
(parallel) primary pumps also supply a zone (penthouse air
handlers). |

For each of the ten air handling units in the primary
space heating system, a PHW coil was installed ahead of the
existing heating component. The PHW flow through each coil is
controlled with automatic valves. These valves are modulating in
seven of the air handlers and are two position in the remaining
three. In each case, the heating is staged so that backup
heating is allowed only if the PHW cannot meet demand.
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20. PRODUCTION SYSTEM CONSTRUCTION

Production system construction at the T-H-S Memorial
Hospital was completed under two separate efforts. The first was
the 1979 well drilling, completion, and testing. This effort is
described in Sections 8 and 9. The second effort, which included
installation of the production pump and its controls, occurred
concurrently with the construction of the application system
(1981/1982). Supplemental information, such as the construction
system bidding and contractor selection, is therefore included
with the application system construction in Seétion 24.

The production system as installed has only one devia-
tion from that designed and specified in the original bid
package. The Hersey Btu Meter was added to the production system
during construction and installed under an Engineering Change
Order (ECO). This addition enables the Texas Railroad Commis-
sion's production reporting requirements to be xhet, It also
provides‘energy monitoring data and system troubleshooting aid.

Other parts of the production system are installed as
designed and specified. The Centrilift submersible pump is set
at 200 feet below thé surface and uses a variable frequency drivg
(VFD) manufactured by Industrial Drive Maintenance. ‘Also as
designed, the VFD and itsrconﬁrols include a bypass feature to
allow the pump to be run "“across the line" in the event of a VED
failure. ' N -
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21l. DISPOSAL SYSTEM CONSTRUCTION

The T-H-S disposal system was constructed concurrently
with the application system. Supplemental information such as
the bidding and contractor selection is therefore included with
the application system construction in Section 24.

Two deviations did occur from the disposal system which
was designéd and specified in the bid package. At the request of
the City of Marlin, the disposal piping route was altered so that
the geofluid would be discharged into the storm sewer system at a
different curbside drainage box than originally planned. The
Cify felt the new route would be less likely to impact street
flooding occasionally experienced near the"originally-targeted
drainage box. Because the new route was suitable technically and
requiréd minor additional expense, the 420 feet of disposal
piping was buried along the new route (refer to Figure 1-3).

The second construction modification was in a changeout
of the backpressure valve (this valve maintains system pressure
above 8 psig to discourage calcium carbonate scaling). A spring-
loaded check'valve40f CPVC construction was originally specified
for this component. Howéve;; this valve "chattered" excessively
and was unacceptable. Technically, the valve was an underdamped
me¢hanica1 system. The spring and ball check continually reci-
procated in a piston-like fashion, damaging the ball seat after
only a few days of operation. The ball check valve was replaced
with a "Claval" Series 50-01 backpressure valve which has
operated reliably and without incident.
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22, TRANSMISSION SYSTEM CONSTRUCTION

Because the production well is on the hospital

premises, a transmission system was not needed.
therefore not applicable to the T-BE-S project.
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23. DISTRIBUTION SYSTEM CONSTRUCTION

Because the production well is on the hospital premises
and because the T-H-S Hospital is the sole user of the geofluid,
no distribution system was needed. This Vsection is therefore not
applicable to the T-H-S project. '
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24. APPLICATION SYSTEM CONSTRUCTION

The construction plans and specifications for the T-H-S
Memorial Hospital Geothermal Heating System included not only the
application system, but also the. disposal system and part of the
production system (excluding well). Therefore, the bidding and
contractor selection process discussed below applies to the
production and~disposa1 systems as well as the application sys-
tem. However,  the constructlon modifications descrlbed below
focus only on the appllcatlon system. Constructlon phase modifi-~
cations for the production and dlsposal systems are discussed in
Sections 20 and 21, :espectlvely.

24.1 Bidding and Contractor Selection
: Construction of the T-H-S system was predominantly of a
mechanical nature. Consequently, a mechanical contractor was

Sought to operate as a prime eonttactoruand to employ the neces-
sary general,-well pump,jelectrical;vand‘cont:ols subcontraCtors.

An open b1dd1ng process, summarlzed in Flgure 24-1, was
used to SOllClt candidate bidders. . The "Notice to. Bldders was
published in four area newspapers for two weeks prlor to the
start Of,thevbld period. At the,start of the bid period, plans
and sPecifications were distributed to central plan rooms of the
F. W. Dodge Information Systems and .the Assoc1at10n of General
Contractors of America, Inc.
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Pigure 24-1 Summary of Bidding Process

During the one-month bid period beginning March 2,
1981, approximately twenty-five sets of plans and specifications
were distributed to interested contractors. In the middle of the
bid period, a pre-bid conference was held at the hospital to
answer questions posed by prospective bidders and to consider the
need for addenda to the bid package. Contractors were also given
a tour of the parts of the hospital affected by the work.

Sealed bids for the T-H-S Memorlal Hosp1ta1 Geothermal
Heating System were received and opened on April 2, 1981. These
bids are summarized in Table 24-1. Although the bid range was
very large, it is not particularly unusual for retrofit projects.
Typically, contractors that study the work very closely are
likely to provide the low bld because they become comfortable
with lowering the cont1ngenc1es associated with retrofits.

Based on qualifications and price, Lochridge-Priest,
Inc., was selected as the prime contractor. (Subcontractors are
footnoted in Table 24-1.) The Notice to Proceed was 1ssued on May
1, 1981.




TABLE 24-1. BIDS RECEIVED FOR THE T-H-S MEMORIAL HOSPITAL
GEOTHERMAL HEATING SYSTEM

Bidder Location | Bid Amount

Capital Mechanical Austin, TX $490,000
Grunau Fort Worth, TX 430,936
Jacobs-Cathey Waco, TX 689,000
Lochridge-Priest} Inc.1 Waco, TX 369,780

Selected contractor based on qualifications and price.
Subcontractors were as follows: well pump - Smith Pump Co. .,
Waco, TX; electrical - Commercial Electric, Waco, TX; controls -
Johnson Controls, Dallas, TX.

24.2 Construction Activities

System : installation occured generally as scheduled.
The submersible pump was installed in mid-December 1981, and the
hospital began using the geothermal. energy for secondary space
heating at that time. Domestic water heating and primary space
heating with geothermal, however, did not begin until J'annary
1982. Substantial completion was achieved on schedule in January
1982, ‘ 3

, Although no significant modifications to the. applica-
tion system were required during construction, several minor ones
were needed. These included installation of a concrete ramp and
walkway, installation of manual air bleeds on control valves, and
modification of ductwork.

To assist hospital personnel who would operate the
system, a set of monitoring logs and an operating manual were
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prepared. The logs identified data which the operators should
take periodically to familiarize themselves with the system.
These logs also provided a good foundation for troubleshooting.

The operating manual [Ferguson and Green 1982] also
assisted the T-H-S personnel in understanding and troubleshooting
the system. The manual provides for a sound and complete under-
standing of the basic concepts of the geothermal system and how
it interfaces with the pre-existing system. It is written for
the T-H-S maintenance personnel, who have a good understanding of
heating, ventilating, and air conditioning equipment. The manual
covers the production and disposal systems as well as the appli-
cation system.

After substantial completion and completion of most of
the Engineering Change Orders, Radian engineers performed exten-
sive acceptance testing to ensure the system was operating prop-
erly. Generally, all systems were found to be operative.
Several important controls did need adjustment, however, in order
to derive maximum benefit from the geothermal energy. These
adjustments were completed by the contractor. A copy of the
acceptance test report is included in Appendix C.

In April, 1982, a system dedication ceremony ws held at
the hospital. The project history and results to date were
accounted, system tours were given, and system brochures (see
Section 34 and Appendix F) were distributed. The ceremony was
sponsored by the T-H-S Hospital and Marlin civic groups, and was
well attended by state and local political figures, local citi-
zens, press, and project participants.
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25. SYSTEM MANAGEMENT AND ORGANIZATION

The T-H-S Memorial Hospital is the owner and sole user
of the T-H-S geothermal system. The hospital also manages and
operates the system, and is responsible for all maintenance.
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26. PRODUCTION SYSTEM PERFORMANCE

26.1 Performance Summary

Since produotion system start-up in December 1981,
geofluid production at T-H-S'has been maintained without inter-
ruption. The System has required'no‘corrective maintenance, and
the operators have expressed high levels of satisfaction. No

dpost-construction modifications‘have.been'needed. And, except as

noted in the next paragraph, the pump and variable frequency
drive (VFD) have automatically produced only that geofluid needed
to supply the heating demand.

In January, 1982, while still in the construction phase

and after about one month of production system operatlon, the VFD
did experience a failure. ‘This failure required the VFD to be

off line for about four days while warranty repairs were made.
During this period, the bypass feature on the pump controls
enabled the pump to be run at full speed "across the line."
Consequently, production was not lost even though the VFD was out
of service. o | N | | '

Sinoe Janaury, 1982, no other component failures have
occurred, although the operators did report a barely audible
"rattle" at the wellhead in November 1982. The noise was invest-
igated independently by Smith Pump Company (submersible pump
1nsta11ers) and by Radlan. - The noise was tentatxvely d1agnosed
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as stemming from the downhole check value. Assuming this diagno-
sis is correct, no near-term problems should arise. Even in the
event the rattle was due to another component, such as the pump
itself, identifying the cause and predicting failure would be
extremely speculative., Furthermore, the expense of pulling the
pump for inspection would be difficult to justify since inspec-
tion may not reveal the cause and since replacing the pump with-
out damaging it in the process is not assured. Consequently,
unless more conclusive evidence appears which would warrant
pulling the pump, it will remain in operation. :

26.2 Hell__a.nﬁ_r_ummng_&st_em_zenfgmanse

The data logs prepared for system monitoring included
provisions for tracking well dtaWdown, and for correlating pro-
duction rate with outdoor air temperature.: By tracking drawdown,
changes in reservoir performance can be identified. This infor-
mation can assist in troubleshooting when it otherwise appears
that pump performance is degrading. For example, if the pump
must run at higher speeds in July than in December to produce
equivalent flows, is there likely a pump problem? Figure 26-1
shows that the cause of such a condition is probabiy the seasonal
reservoir performance. As shown, the summer drawdowns are higher
than winter and are 1likely due to less summer precipitation
(reservoir recharge) and more summer withdrawal in areas where
, the reservoir is shallower and used for municipal water supplies.

- The broken line in Figure 26-1 indicates a period when no data
were taken. Note that specific capacity (S.C.) results are con-
sistent with previous well tests.

Fiqure 26-2 illustrates how the VFD control system
varies proauction rate to match heatingﬂdemand. Using outdoor
air temperature as an indicator of heating demand, the figure
shows that production rate increases as outdoor temperature
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decreases. Note that the data plotted in Figure 26-2 are con-
fined to approximately the same time of day to prevent domestic
water heating loads (which are functions more of time than out-
door temperature) from scattering the data.; Also note that the
horizontal segments at approximatély 35-40 gpm and approximately
160 gpm denote the control system is out of its 24 Hz to 66 Hz
(pump fregquency/speed) control range.

26.3 Heat Exchanger Inspection

In mid-July 1982, after seven months of production
system operation, the domestic hot water heat exchanger (HX-1)
was disassembled for inspection{ Disassembly of the plate heat
exchanger was easily accomplished by the operators. " Plates were
visually inspected for pittihg, corrosion, and scaling. The
geothermal'side of the plates was found to be essentially free of
deposits and shiny metallic in appearance. An extremely thin
layer of gray material was observed at the inlet ports of some
plates, but this material was not a mineral scale. Laboratory
analysis of the material revealed it was composed mostly of iron
sulfide corrosion products, probably derived from the well
casing. No evidence of pitting'or corrosion was visible with the
naked eye. |

After recording observations, one of the Type 316
stainless steel platés was removed for a microscopic‘examihation.
No corrésion or pitting was evident under a 400X magnification.
(This magnification is sufficient to reveal corrosion and pitting
if either were occurring.)’Moreﬁdetail;cohcerning the inspectioh

| is availabie in the inspection reports'ptovided in Appendix D.

The cdnclusion is that the system desigh is precluding
corrosion and scaling, thereby reducing or possibly eliminating
the high'maintenancé costs associated with these problems.

117







27. DISPOSAL SYSTEM PERFORMANCE

Disposal of the spent geofluid in the T-H-S system is
accomplished with surface discharge into the Brazos River via
Marlin's storm sewer system and surface waterways. This surface
discharge strategy is discussed in Section 6, and environmental
monitoring is discussed in Section 36. The brief performance
discussion within this section is limited to the disposal system
itself, which consists of the disposal piping and the backpres-
sure valve.

’ The backpressure valve is the only active component in
the system. This self-contained valve modulates as flow changes
to maintain a constant inlet pressure (backpressure) of 8 psig.
Since its original setting in March 1982, it has maintained this
pressure under all flow conditions and has not required any
maintenance or attention. 1In March 1983, the valve control parts
were disassembled by the operator for cleaning and inspection.
The internals were found to be in good condition with only very
thin deposits on some of the control tubing. With these results,
the operator believes that future maintenance will be needed only
once every two to three years.
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28. TRANSMISSION SYSTEM PERFORMANCE

Because a transmission sYsi:em does not exist in the
T-H-S system, this section is not applicable. '
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29. DISTRIBUTION SYSTEM PERFORMANCE

, Because a distribution system does not exist in the
T-H-S system, this section is not applicable.
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30. APPLICATION SYSTEM PERFORMANCE

Since the application system came fully on line in
Jahuary 1982, it has operated without interruption of}Service and
without a single failure. The system has required neither cor-
rective maintenance nor post-conStruction modifications. The
operators have expressed a high level of satisfaction with the
system's reliability and automation. The hospital's turning off
of the steam valves to the domestic hot water generators is tes-
timony to their satisfaction.

Operating data for the application system has ,been
recorded by T-H-S personnel on monitoring logs. As in the pro-
duction system, completing these logs familiarized the operators
with the system. The log entries were periodically checked to
ensure the system was operating properly.

Performance of the application system can best be
measured by the change in the hospital's natural gas consumption.
Figure 30-1 illustrates this change. It preSents the average
monthly natural gas profiles, as determined by correcting actual
data for average heating degree days. As is evident, the peak
consumption was reduced from 1740 MCF (thqusahd cubic feet) to
450 MCF, for a 75 percent peak savings. MOreover,/this figure
shows that the T-H-S geothermal system provides 93 percent of the
peak heating loads which could be addressed by this geothermal
resource (i.e., excluding base loads such as cooking, 180°F
domestic hot water, etc.). It also dembnsttates a reduction in
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average annual consumption from 11,500 MCF to 4500 MCF, or a 61
percent savings. At the hospital's 1982 natural gas prices, this
savings equates to $34,400. As natural gas prices continue to
rise, the dollar savings will become greater.
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Figure 30-1 Comparison of Natural Gas Consumption
Before and After Geothermal
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31. CONSTRUCTION COSTS

The total construction cost for the T-H-S Hospital
geothermal heating system reflects two "construction" efforts.
The first was the 1979 well drilling, and the second was the
1981/1982 system construction.  As presented in Section 24, the
base bid for the system construction was approximately $369,800.
To this bid, $15,900 in Engineering Change Orders were added,
yielding a 1981/1982 construction contract total of $385,700.

A breakout of this total is presented in Table 31-1.

"Also included is the cost of well drilling and completion, esca-

lated to 1982 dollars. Table 31-1 shows that the well plus
system construction costs for the T-H-S geothermal heating
system, in 1982 dollars, is $672,200.
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TABLE 31-1. BREAROUT OF T-H-S GEOTHERMAL SYSTEM CONSTRUCTION
COSTS?

PRODUCTION SYSTEM

e Well drilling, completion, testing? $286,500
¢ Geothermal equipment room? 18,200
e Production pump 21,900
© VFD and controls 25,100
e Plate heat exchangers 28,900
© Btu meter 5,100
e Piping, valves, insulation, etc. 32,300
Subtotal ‘ $418,000

DISPOSAL SYSTEM

e Piping | 11,600
® Backpressure valve 1,800

Subtotal : $ 13,400
APPLICATION SYSTEM |

® Geothermal equipment room? 18,200
e Pumps 12,500
® Heating coils (air handlers and dryers) 13,100
e Piping, insulation, etc. 128,700
e Controls, motors, wiring, startup, etc. __68,300
Subtotal ' ' -240,800
TOTAL CONSTRUCTION COSTS* $672,200

11982 dollars

21979 costs of 224,300 escalated at 8.5 percent annually to 1982
dollars. This item not part of construction contract costs.
!Geothermal equipment room cost of 36,400 prorated evenly between
the production system and application system. '
*Includes well drilling and completion.
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32. OPERATING AND MAINTENANCE COSTS

Operating and maintenance (0&M) costs include those
related to parasitic electric power, labor, and repair or
replacement materials. The parasitic electric power arises pri-
marily from the system § pumps, and produces an annual operating
expense of approximately $2,100. However, approximately $400 is
recaptured in savings from not using three electric duct heaters
for secondary space heating. Therefore, the net annual parasitic
power costs for the system is $1 700.

The T—H-s sYstem was designed for ninimal operator .
attention and is operating in that fashion. The T-E-S mainte-
nance staff has not been enlarged and is not expected to be.
Consequently, O&M costs need not include a specific salary and
benefits provision. '

Instead, average maintenance costs have been allocated
based on those parts of the system requiring maintenance. Since
the system is expected to have ‘a 30 year life, 3 percent of the
qualifying costs are included as a maintenance allowance. Note
that the'welli‘the geothermal equipment room, piping, and heating
coils should not require maintenance for the entire life of the
system, and therefore are not'part‘of qualifying costs.

Major components expected to need replacement during

the system life are also not'part of‘qualifying costs, These
components include the production pump and the variable frequency
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drive (VFD), which are expected to have seven year and fifteen
year lives, respectively.

The O&M costs are summarized in Table 32-1. These
costs are included in the economic analyses of Section 33.

TABLE 32-1. SUMMARY OF T-H-S OsM COSTS ESTIMATES

Item Annual Cost
® Net Parasitic Electric Power $1,700
¢ Submersible Well Pump? 3,100
L) Varieble Frequency Drive? 1,700
e Other Maintenance?® 4,900
TOTAL ANNUAL O&M | $11,400

1p sinking fund allowance for pump replacement. $21,900
installed cost divided by 7 years. ‘

2A sinking fund allowance for VFD/controls replacement. $25,100
installed cost divided by 15 years. :

3$163,600 relevant (qualifying) installed cost x 0.03.




33. ’srsmm ECONOMICS

" Two economic analyses were performed for a geothermal system
equivalent to that at the T-H-S Hospital. ' One analysis reflects
the economics of a non-profit organization, and therefore does
not account for tax benefits. The other reflects after tax
economics of a profit-making organization.

An analysis reflectingtthe economics for a local government
or other non-profit bonding authority was not undertaken, al-

. though other analyses [Hederman and Cohen 1982] indicate these

cases may enjoy the best economics. As will be seen, the current
tax benefits available to geothermal systems have a significant
impact on the economic attractiveness of geothermal systems
similar to T-H-S. e ‘ ’

"It should be noted that the economics presented in this
section do not reflect the actual T-H~-S pr gj ct economics. The
project intent has never been to demonstrate economic feas;bil-
ity, but rather to‘demonstrate technical feaszbility and analyze
economic incentives for private sector initiative. It has aIWEYS
been recognized that development costs would be incurred in this
pro;ect which need not be- duplicated in future projects. .

To account for these development'COsts andito'provideia true

'picture of private sector incentives, ‘capital costs for an 'equi—v

valent" system are used in the ‘economic analyses. The distinc-
tion between the ‘equivalent system and ‘the T-H-S system is subtle
but important. The capltal costs of the ‘equivalent system are
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based on the actual costs experienced at T-H-S, except that costs
which would not be required in similar future projects using this
resource are excluded. Appendix E details tne derivation of
these capital costs.

The éssumptions used in the economic analyses are similar to
those made by ICF, Inc. in their analyses of DOE direct utiliza-
tion projects in the U.S. [Hederman and Cohen 1981; Cohen 1982;
1983]1.  An important difference, however, is that natural gas
price escalations used in this analysis are regional estimates
rather than national averages. Since Texas is continuing to
éxperieﬁcé yearly natural gas price increases of 25 to 30 percent
and sincé national averages are much lower, using regional esti-
mates provides a more accurate economic picture for this
geOthermal resburce; A summary of assumptions is provided in
Table 33-1.

33.1 Non-Profit Organization Fconomics

The economic analysis for a non-profit organization con-
structing a system equivalent to that at T-H-S is summarized in
Table 33-2. Although the break-even period (payback which ac-
counts for time value of money) is well below the 30 year opera-
tional life of the system, it exceeds the values generally ac-
cepted as attractive in the private sector. The real return on
investment (i.e., percent above inflation) over 15 years is
correspondaingly low.

These  generally unfavorable non-profit economics are a
consequence of several items, one of which is low well utiliza-
tion. The production well and resource at T-H-S are capable of
producing 500-600 gpm steadily throughout the year. However, the
T-H-S syétem avérages only abotit 55 gpm over a year, thereby
extracting only about 10 percent of that energy which could be

Ve

132




TABLE 33-1. ASSUMPTIONS USED IN ECONOMIC ANALYSES
o

JIEM o ASSUMPTION
° System Operational Life 30 years
e Investment Life! | | 15 years 7
e Capital Costs "Equivalent éystem” costs,

excluding those not re-
quired in similar future

_ projects?
e Inflation Rate 6% annually
e Natural Gas Escalation? Xear Real Escalation®
' ' 1 188
2 15%
3 12%
4 9%
5 and beyond 6%
e O&M Costs Escalation 6% annually, equal to
, inflation rate (0% real
escalation)
e Discount Rate (minimum v Non-profit: 2% real
allowable return reguired Profit: 8% real
by organization) 7 '
e Depreciation | Straight line depreciation

over 5 years. :

® Corporate Tax Rate 46%

_1period used to analyze after tax return or investment.
tRefer to discussion in text and Appendix E. o
IEstimates of regional natural gas escalations, not national
average escalations. Economic results sensitive to these
estimates. ‘

‘Real denotes % above inflation.
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TABLE 33-2. SUMMARY OF NON-PROFIT ORGANIZATION ECONOMICS?

e System Capital? $910,500

e 1lst Year Natural Gas ‘ $ 34,400
Savings (7000 mcf/yr)

e Annual O&M Costs? $ 11,400

© Break-Even Period* 17 years

o Return on Investment 0.2%

over lst 15 Years of
Operation (Real)®‘,s
4

1711 dollars express as 1982 dollars.

For equivalent system: refer to text and Appendix E.

ipresented in Section 32.

‘Using discounted cash flow analysis and a 10% average well
utilization. Results sensitive to well utilization and fuel
escalations. Refer to Table 33-1 for assumptions.

*Real denotes above inflation.

extracted. Since wells to the depth needed at T-H-S are expen-
sive capital items, system economics improve if the application
systems are large enough to more fully utilize the wells.

Another impact on the non-profit economics is that energy
tax credits (ETC), investment tax credits (ITC), depreciation,
and expensing are not available to T-H-S and similar non-profit
organizations. The lack of these benefits further emphasizes
that non-profit organizations must fully utilize "deep" wells in
order to economically justify geothermal'systems.

33.2 pProfit-Making Organization Economics

Several tax benefits are available to the profit-making
organization to improve geothermal system economics. These are
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TABLE 33-3. TAX TREATMENT FOR PROFIT-MAKING ORGANIZATIONS
USING GEOTHERMAL ENERGY!

Cost Category Iax Treatment

e Tangible well equipment? Capitalized and depreciated; eli-
: gible for ITC and ETC!*

¢ Intangible drilling costs* Expensed (or capitalized, at tax~
payers' option) '

e Design, planning, bidding Capitalized and depreciated; ap-
portioned among the following
categories, as appropriate and
treated accordingly

e Pump houses and other Capitalized and depreciated; eli~

equipment structures gible for ETC only ‘

e Disposal equipment Capitalized and depreciated; eli-
gible for ITC, assumed eligible
for ETC

e All other construction Capitalized'and depteciated; eli-~

costs . gible for ITC and ETC

lExtracted from Hederman 1981, and presented for T-H~S analysis.
*Physical well property such as casing, valves, etc.

}ITC = Investment Tax Credit (10%), ETC = Enerqgy Tax Credit (15%)
‘Includes labor, fuel, repairs, hauling, supplies, etec.

summarized in Table 33-3. As shown in Table 33-4, these benefits
produce much more favorable results for profit-making organiza-
tions than were seen for non-profit organizations.

‘The 12.5 year break-even period and the 10 perc‘en't »(re’al)
return on investment are evidence that geothermal systems can
begin to be attractive to profit-making organizations;ﬂeven>when
heating loads are no larger than those at T~H~-S. This outcome is
eSpecially significant when one considers the savings are based
on an average of only 10 percent well utilization. If the utili-
zation were increased via larger heating loads, economics could
improve'greatly. These results indicate that development of this
geothermal resource by profit organizations can indeed be
économically attractive. '
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TABLE 33-4. SUMMARY OF PROFIT-MAKING ORGANIZATION ECONOMICS?

e System Capital? $ 910,500

e Less Tax Credit
- Tangible well equipment? 14,300
- Equipment bldg 5,500
- Other : 146,900
$ 166,700 (166,700)
e Less Expensed Intangible ‘ (105, 400)
Drilling Costs*
e Effective Capital $638,400
¢ Less Depreciation Over 5 Years? $(237,800)
e Depreciated Base $400,600
e 1lst Year Natural Gas Savings $ 34,400
(7000 MCF/yr) - , |
® Annual O&M Costs o ' $ 11,400
o Break—-Even Period* 12.5 years
¢ Return on Investment over lst 10%

15 years of operation (Real)*,’

A1l dollars expressed as 1982 dollars.

tFor equivalent system. Refer to text and Appendix E.

'Based on 20% of well costs. $286,500 x .20 x .25 ETC. \
‘Based on 80% of well costs. $286,500 x .80 x .46 tax rate
SNet Present Value (discounted) of depreciation tax savings.
*Based on discounted cash flow analysis and a 10% average well
utilization. Results sensitive to well utilization and fuel
escalation rates. Refer to Table 33-1 for assumptions.
’Real denotes above inflation.

NOTE: Analysis assumes organization has sufficient (outside)
income to use tax benefits in the year eligible.




34. PUBLIC AWARENESS PROGRAM*

34.1 Objectives

The success of a demonstration project that applies a
new technology is dependent on two functions- 1) the technical
quality of design, construction and operation of the proJect, and
2) communication of the technical success and the feasibility of
its application on a broader scale and a commercial basis. The
Public Awareness Program was the principal means of performing
this secona function in accordance with DOE's original PON.

This program had two primary objectives:

° To attract potential users of low temperature
- geothermal energy, and

e To inform the general public of the Marlin

project, in particular, and the use of low
temperature geothermal energy in general.

34.2 P_ro_gr.am_ﬂl.emenha

The formal Public Awareness Program was active over the
project term and ended with completion of the audio/visual slide

*This section describes an effort which is unique to the T-H-s
Hospital project and which is, therefore, in addition to the
"standard® DOE PON outline followed for this report.
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show in the summer of 1982. However, the public awareness func-
tion is an ongoing activity that will continue in the future.
Thé success of the Public Awareness Program was, and is, largely
dué to the willingness and ability of the hospital administration
to respond to news media and public inquiries.

, As Radian conducted the program over the project
period, the original basic plan was followed and the following
élements were created to implement the program objectives.

¢ Press Releases Immediately before or after
important project milestones.

'@ Fact Sheets Summarized important features
: ' of the project.

¢ Site Signs Site identification and public
data on project purposes, scope,
participants and sponsors.

o Lobby Displays Wall hangings of the system over-
view and the system diagram, for
orienting visitors to the hospi-
tal's geothermal system.

e Brochure A handout and mailout overviewing
Central Texas geothermal resource,
Marlin's geothermal history, po-
ject sponsors, and system design.

e Audio/Visual An automated presentation for
Slide Show visitor education and speeches
to groups.

34.2.1 Press Releases

News releases were printed and distributed at five
important milestones during the course of the project. These
milestones included:
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2/17/78 o Announcement of the pro;ect and DOE and ‘State
o - ' intent to award funding.
8/31/78 Contract-signing ceremonies and DOE Finding of
- No Significant Environmental Impacts.
4/06/79 Notice of well drilling (or spud-in) ceremony.
8/15/79 Successful completion of the geothermal well.
'3/12/82 ' ﬁotice of project completion ceremonies marking

- the beginning of the operational phase.

Copies of these releases,ate‘providedfin Appendix F. Each was
written in news sty1e_such_that it could be used directly by the
media. Each release updated ‘the status of the project. The
releases were drafted by : 'Radian - and approved by the hospital
administratot and DOEubefore-beingvdistributed‘to;approximately
200 media outlets and a handful of government offices and public
officials. By category, the distribution was as follows:

;. ~-distributed directly to the National
. and State w1re services and Capitol Press Corp in
Austin.'

° lﬁ_gggiga to television stations 1n Texas.

o Al_gggigs to weekly newspapers within a 150-m11e
'radius of Marlin. _

| T zn_gggies to Texas daily newspapers.

' VZQ.&Qpies to radlo stations in a 50-mile radius
: of Marlin.

0' li;gﬁéiés ‘to: national energy publications such
- -as 0il & Gas - Journal and . the Geothermal Re-

sources Council Bnlle;in

o lz_cszpie.s to trade press ‘such as ASHRAE Jour=-
. nal or hospital administration publications.
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° 20 copies to national general interest and
business publications such as Newsweek.

The response to these releases was generally good and
several inquires have been received from foreign countries.
Articles were printed in major newspapers and other publications,
as evidenced by the collage of stories and headlines in Figure
34-1., As intended, the releases were successful in attracting
news media coverage, including one statewide television feature
on The Eyes of Texas. Direct contact with the media was per-
formed by the hospital administrator.

34,2.2 Fact Sheets

During the course of the project, two series of fact
sheets were prepared.  The purpose of the fact sheets were to
provide a succinct project desctiption and compilation of facts
and figures for the public. These were distributed upon request
and at meetings, presentations and project ceremonies. Copies
can be found in Appendix F. The first fact sheet was prepared
for distribution at the spud-in ceremony in April 1979. A second
one was prepared one year later, providing an update following
completion of the new production well.

34.2.3 Site Signs

Two identical four-by-eight foot signs were designed
by Radian to be used during the construction and early opera-
tional phases of the project. The signs were'consttucted by a
Marlin advertising firm and were erected at the hospital site on
August 13, 1978. R picture of a Sign appears as Figure 34-2.
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Figure 34-1 T-H-S Hospital Articles
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?ur;mse. To demeonstrate the direct use of
Martin's geothermal waters as aptim
source of space and watec heating.

-

Cost: Approximately $650.000
Completion: Early 1980

Sponsors: : :
=S Qe;}armmm ws Frmgy

» 'Y~H~S &&em{'mm H{)S{)é?ﬁi
e City of Martin
» Central Texas Savings & LoanAssn.

Figure 34-2 T-H-S Project Sign
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34.2.4 Lobby Displays -

A tour of the T-H-S Hospital's geothermal heating
system begins' in the 1lobby. To assist orientation of the
visitors, color architectural renderings of the project landscape
and of the system deS1gn were framed and ‘hung in the 1lobby.
Reduced versions of these renderings make up the front and back
covers of the brochure.‘

34.2.5 ‘Color Brochurérﬁ

In 1982, 5, 0oo copies of an 8-1/2 by 11 inch, four-page
color brochure were prepared by Radian to replace and provide a
final update of material presented in the fact sheets. A black
and white cogy of the brochure is provided in Appendix F. The
first page provides a color aerial view of the hospital and
vicinity together With a schematic cut-away view of the geolo-
gical formation that provides the geothermal resource. The two
inside pages provide an illustrated account of the history of the
project. beginning with the 19th Century discovery of Marlin's hot
mineral waters and concluding with a forecast of the heating cost
savings for the hospital. The fourth page prov1des an easy-to-
follow colorf diagram of the bgeothermal heating and disposal
system. L ' ' :

34.2.6 Automated Slide Show

An automated audio/visual slide show was identified as
a particularly effective way to inform the public about the
Marlin pro;ect, and about the feasibility of using geothermal
energy in Central_Texas. The slide show fulfilled two needs:

1. To serve as an automated audio/visual presen-
tation for the hospital visitors; and
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2, To accompany lectures and presentations by
hospital personnel, Radian, DOE staff, and
others.

Over 110 slides were selected from almost 1,000 slides
taken during the course of the project and a script was prepared
for the l4-minute presentation. Radian's script benefited from
many new ideas as the result of input from several interested and
capable Marlin citizens.

A professional announcer was hired to provide a syn-
chronized voice/music track for the show. Also, a self-contained
slide projector/cassette player was acquired for the slide pre-
sentation.

The final version of the slide show is more than a
chronology of events and a description of the system. It in-
Ccludes a discussion of 2ll forms of geothermal energy and the
benefits of developing geothermal energy as an alternate energy
source. The slide show and the automated audio/visual unit is at
the hospital and is available for visitors.
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 35. MATERIALS TESTS FOR FUTURE CENTRAL
' TEXAS GEOTHERMAL DEVELOPMENTS*

7 Materials selections (discussed in Section 15) for the
:T-H—S systen1 were based predominantly on corrosion experience
witn chemically similar geothermal resources in South Dakota and
. on short—term electrochemical tests at T-H-S. The materials
selected for T-H~S construction were intended to be conservative.

In order to promote widespread use of this Central
- Texas geothermal resource, a disciplined 192.8-day corrosion
test of 19 engineering'alloys, three elastomeric materials and
two polymer cements was unaertaken to provide the knowledge
required for future economical resource utilization. The mate-
riais tested cover a spectrum of the alloys most likely to be
considered by designers of future systems. Careful use of the
results can prevent each new user from reinventing the wheel.

35.1 ZITest Design and Procedures
35.1.1 General Description

‘During~”design"and ~construction of the T-H-S system,
valving and tees were prcvided in the geofluid supply 1line,

*This section describes an effort which is unique to the T-H-S
Hospital project and which is therefore in addition to the
"stanaard' DOE PON outlined followed for this report.
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upstream of the first heat’ exchanger, to allow installation of a
full-flow materials test loop (refer to Figure 15-3). This loop,
illustrated in Figure 35-1, was fabricated fxomv three inch
(nominal) schedule 80 CPVC pipe having an actual ID of 2.90
inches. The’ loop consisted of two parallél vertical legs, each
about six feet long, and a top horizontal segment about two and
one-half feet long. The ascendlng vertical leg and horizontal
leg contained corrosion specimens. The decending leg was dedi-
cated to "fI6Ww monitoring. Flow entered the ascending leg at
right angles through a tee, whose flanged-off blihdAléq allowed
insertion of! one coupon (corrosion test specimen) rack. Like-
wise, the horlzontal cross leg at the top of the loop was 301ned
with tees orlented so that the blind-flanged legs allowed rack
insertion into the horizontal portion of the loop. Flow exited
the test loop. :through an elbow. |

: e coupoN RAGK

- -

3" SCH 80 CPVC i !
1 7/ : RADIAN

d /‘ COUPON RACK

FLOW METER AND "
INTEGRATOR BUTTERFLY VALVE

. CLOSED DURING .
E' MAT'LTESTING - . :
- ) / 4" SCH 80 CPVC

TO HEAT g
EXCHANGERS

GEOFLUID
FROM WELL

“IA3225

Figure 35-1 Materials Test Lobp Apparatué
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35.1.2 Materials Tested and Examination Methods

The materials tested consisted of:

e  Flat metallic corrosion coupons evaluated for

' weight-loss corrosion, pitting, and crevice
~corrosron, : :

o U-bend specimens evaluated for ‘stress corro-':

~sion cracking, »
e Elastomeric O-rings tested for compression, |

set, and . ,

° 'Polymer concrete samples evaluated for criti-

cal property changes such as strength and
water absorption.‘

One set of flat metallic coupons, and all of the
U-bends were evaluated by Radian's Material SCience Laboratory
(MSL). These specimens were in the form of 1. 0 x 2.0 inch rec-
tangles each with a central ‘mounting ‘holes The carbon steel
(1018) and AISI 4130 coupons were 0.125 inch thick; the Type 304,
Type 316, ‘and Monel 400 were - 0. 0625 inch thick; and the galvan—
ized steel was 0.028 inch thick.' The - galvanized coupons vere
intended only as a go/no-go ‘test of the possible protection of
steel by galvanizing. All" these -coupons - were - commercially
acquired and had a'“satin'“finish;produced by,glass-bead blast,

‘In addition, disk COupons'(z 0 inChbdiameter by 0. 125

inc¢h. thickness) of szx copper alloys-bleaded red bronze (CA 836):

wrought aluminum bronzes (CA - 613 and 614), and aluminum nickel-

‘bronzes (CA 954, 955, and 958) were provided by Ampco Metals.
‘These coupons appeared to have been parted on a lathe and had

slightly grooved surfaces. The unstamped face of each of these
coupons was given a 120 grit finish prior to exposure.‘ Only this

.surface was evaluated for 1ocalized corrosion.
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All of these flat coupons were mounted on a 5.5 ft.
test rack of 0.125 x 1.0 inch Type 316 bar provided with cen-
tralizets to keep it centered in the ascending leg of the test
loop. The coupons were mounted in pairs, one on each side of the
bar. They were electrically isolated with nylon insulators which
provided 0.25 inch clearance between the coupons and the rack.
The coupons were mounted with their flat faces parallel to the
fluid f1ow, and the rectangular coupons were also oriented with
their short éé&é normal to the flow. The first pair was mounted
about one foot downstream of the geofluid inlet tee.

The U-bends were fabricated from 0.75 x 4.0 inch strip
0.049 to 0.062 inches thick. Mounting holes were drilled in each
‘leg. The strips were bent around a one-inch mandrel so that
their legs weteAslightly flaired. These coupons were mounted on
the same test rack as the above flat coupons. Each was elec-
trically isolated with nylon insulators. They were mounted with
_‘t’h'e‘ir flat faces parallel to flow so that they presented the
minimum cross-section to fluid flow. The mounting nuts were
tightened until the legs were parallel.

The poiymer cement specimens were 1.5 x 6.0 x 0.25 inch
bars with mbunting holes at each end. They were provided by
‘Brookhaven National Laboratory (BNL). Two specimens, each of two
'diffetent' formulations (styrene-TMPTMA and styrene-AN-TMPTMA)
were mounted in pairs parallel to the test rack bar. Spacers
provided 0.125 inch clearance between the specimen and the bar.
_One specimen of each cement was exposed to direct impingment by
ihflowing geofluid at the inlet tee. The other pair was mounted
ddwnétréam of the U-bends.

BRnother test rack of metallic coupons was provided by

the International Nickel Company (INCO) and evaluated by their
LaQue Center for Corrosion Technology. This rack was also 0.125
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x 1.0 inch bar with centralizers. The 2.25 inch diameter disk
coupons were mounted two on each side of the rack with PTFE

insulators providing about 0.3 inch clearance between the coupons

and the rack. Again the coupons were oriented with their flat
faces parallel to the direction of fluid flow. This rack was

placed in the horizontal leg of the test loop.

. The INCO rack was received "ready to go." Prior to
installation on the test rack, the Radian coupons and U-bends
were dedreased in acetone in an ultrasonic bath and weighed in

‘triplicate to the nearest 0.1 mg. Thei_r physical dimensions were

measured in triplicate to the nearest mil (0.001 in).

The O-rings were exposed in a compression set test
described by ASTM Practice D-1414. The 0.625 inch diameter
O-rings of Buna-N, Neoprene, and Viton, were compressed to 75
percent of their relaxed height between pairs of 1.0 x 1.0 x
0.125 inch plates. Each plate was machined with a size 10 hole
at its center. Proper compression was assured with a 0. 4375 inch
diameter gauge ring machined to 75 percent of the height of its
companion O-ring (measured to the nearest mil). To prevent any
pressure build-up in the annulus between the gauge ring and the
O-ring, a 0.0675 inch diameter hole was,driiled through each
compression plate to intercept the annulus. The O-ring sand-
wiches were bolted to a length of 0.125 x 1.0 inch bar which was
attached to the INCO rack in the horizontal 1eg of the test loop.
Five specimen of each elastomer were tested.

After exposure the test racks were removed and dried
with warm air until all vismle ‘moisture was gone. All of the
specimens, as well as the test rack itself, were covered with an
extremely thin flat black film which readily separated from most

surfaces when wet, but which became tenacious when dried. A

sample of this film was obtained for analysis.
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The INCO rack was shipped to the LaQue Center while the
other test racks were returned to the Radian MSL for analysis.
The polymer cements were evaluated by BNL.

The metallic coupons were evaluated by the MSL in
accordance with ASTM practices for corrosion tests. They were
cleaned by a combination of mechanical and chemical means
‘selected to remove all corrosion products or deposits without
attacking sound metal. Triplicate post-exposure weights were
determined for each specimen, and they were stereomicroscopically
examined at 20X and 40X for signs of pitting, crevice corrosion,
and stress corrosion cracking. In the case of the copper alloys,
evidence of dealloying was also sought. Pit depths were measured

with an optical micrometer.

v Similar methods were used by the LaQue Center. One
important difference, however, is that less magnification (5-10X)
was used at LaQue in examining for localized corrosion.

The compression set experiment was evaluated according
to ASTM Practice D-1414. The retaining nuts were loosened so
that gaps were visible between the O-rings and the compression
plates and the O-rings were allowed to recover for 30-minutes.
Quadruplicate measurements of the ring height were then made to
the nearest mil and compared to similar data taken prior to
exposure to determine percent compression set.

35.2 Test Environment

The key corrosive species as well as some other fluid
chemistry data are presented in Table 35-1. As shown, this
geofluid contains traces of hydrogen sulfide, and is therefore
free of dissolved oxygen in the reservoir. This fluid chemistry
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TABLE 35-1. COMPARISON OF T-H-S GEOFLUID PROPERTIES AND
:  GEOTHERMAL CORROSION CLASS Va PARAMETERS

Marlin No.al Corrosivigy Class
Parameter Geofluid va

Key Corrosive Species:

 PH ‘ - ~ 6.16 6.7 - 7.6
Chloride (ppm) 3 | 21 - 225
Sulfate (ppm) _ 2340 315 - 2340
Biocarbonate (ppm) ooam 126 - 810
Hydrogen Sulfide (ppm) . 0.05 - 0.2 0.02 - >5
‘Ammonia (ppm) 1.2 , not specified

Other'Species | | "
Sodium + Potassium (ppm) '901’ .
Silica (ppm) 37 "
Calcium (ppm) 299 "
Magnesium (ppm) 39 .
Total Dissolved Solids (ppm) 3933 "

8yalues are averages of several analyses, except pH which
was measured in situ at the wellhead during normal
pproduction.

Ellis 1981; 1982.

places the Central Texas resource in Geothermal Corrosivity Class
Va. The key chemical characteristics of this class are also
presented in Table 35-1. The fluid is produced by a submersible .
electric pump set well below the minimum water level in the well.
TherptoduCed~’fluid is maintained in a closed system at a minimum
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pressure of 8 psig throughout the T-H-S system. Theretore, it is
extremely unlikely that the geofluid contains any dissolved

oxygen.

On 23 July 1982 the test racks were inserted into the
test loop and the full production flow,from the T-H-S geothermal
well was diverted through the test loop at 1455 hours on that
date. Full flow diversion continued until about 1030 hours on 1
February 1983 for a total of 4627 +0.5 hours. '

The T-H-S production pump is automatically controlled
by a variable frequency drive system which varies the geofluid
delivery according to heating demand. Based on daily logs of the
test loop flow, the geofluid production rate ranged from 28 gpm
to 93_gpm. The maximum production rate at peak demand is about
160 gpm, but the system operated at these conditions for only
brief petiods during the test.

The production temperature at various flow rates was
determined during the initial assessment of the T-H-S well per-
formance (See Figure 9-1). The equation describing this tempera-
ture is:

T (°F) = 15.986 log (gpm) + 112.839 (egq. 1)

Table 35-2 summarizes the range of flow and temperature
observed during the test, but flow rate and temperature data
should not be considered as paired. In other words, the minimum
£1 0w logged was 28 gpm and the minimum temperature was 124°F but
it is not necessarily the case that these two values measured
~simu1taneousiy. The average flow was calculated from tne total
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production during the test period (14,480,940 gallans). The
average temperature was calculated from the ave:age flow by use
of eq. 1. B ‘

~ Table 35-2 also contains estimates of the bulk velocity
of the geothermal fluid in three areas of the test loop: the
Radian coupon section, the U-bend sectibn, and the INCO coupon
section. These bulk velocities were calculated from flow and
pipe cross section a:ea,.with an adjustment;to_thefcrpss section
area equal to the percent occlusion produced by the specimens in
that section. As such, the calculated bulk velocity does not
indicate any localized high velocities which might be produced by
venturi effects, or the increased turbulence produced by the
irreqular shapes present in the stream.v

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

. . ’

__Automatic Control
Obs'd. , Obs'd.

4 min, _ Avg. Max. Peeka
Flow Rate (gpm) : f 28 -~ 52.2 93 160
Temp (°F) | o 124b ~ 140° | 148 .150
Yelocity (ft/sec) ,
- Open Pipe ' 1.4 2.5 4.5 7.8
- Rediaq-cdupeaiéectiob i.6¢>' 7  3.0 o '5;3 - 9.2
- U-Bend Section - - _.1,7. o 3.1 5, 5" 9.4
- INCO Coupon Section ~~ 1.9~ 3.6 6.4 11.0

W

bPeak flow occurred for only a few hours during the test period.
Measured temperatures at min flow likely inaccurate (low) -

?ecause thermometer installation encourages low readings at low
lows.

CCalculated from established flow-temperature relationship (see
text).
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35.3 Results

‘ The sample of black film recovered from the stalnless
steel surface of the leng test rack was found by X-ray diffrac-
tion. to be composed of an iron polysulfide (Fe,,S,), likely cor-
rosron products derlved from the well casing. Energy dlsper-
sive X-ray analysls also showed trace amounts of silicon and
calcium. This analytical method prov1des only elemental identi-
flcatxon, and does not. detect elements of atomlc number less than
9 (fluorlne). o

The results of the metals tests are presented in Tables
35-3 and 35-4.’ ‘The results obta1ned by the Radian MSL and those
by the LaQue Center are presented separately. Table 35-5 glves
the results of the compres31on set test, while Table 35-6 glves
the results of the polymer cement trials. Each mater1al group is
dlscussed 1n the following paragraphs.

S

The carbon ‘steel specimens evaluated by the MSL (1018
flat coupons and 1010 U-bends) all showed welght-loss corr051on
rates of 23-28 mils per year (mpy). There were no discrete plts,
but some areas were visibly thinner than others with an uneven-
ness factor of about 1.5 (depth of penetration in some areas was
about 1.5 ‘times the average thickness loss). The two INCO cou-
pons exposed in the horizontal section showed corrosion rates of
1.8 and 1.9 mpy and no gross visible evidence of corrosion.
These INCO coupons had a different initial surface finish than
did the others, and may have had a different microstructure.
They may have experienced ‘a difference in turbulance. The order
of magnitude difference between these two coupon sets is surmised
to be due to such variables.
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_ TABLE 35-3.°

RESULTS OF ALLOY SPECIMENS EVALUATED BY>RADIAN
o - o Maximum R :
Weight-Loss Maximum Crevice Stress
Corrosion? Pit Depth Corrosion Corrosiop v
Alloy (mpy) . {mils) (mils) Cracking Comments
Carbon Stéel'(iOIG) " 25.8 N N _nt Surfaces highly irregular
o - 23.4 ‘N . N nt Occluded areas protected
Carbon Steel (1010) nt- N "N N(22.6) .
. . nt ) N N N(28.3) '
éélvanized'steel ) _Parts of each iéecimen "eaten awvay." Entire sample too fragile to
: o L - . clean. Zinc coating npparently destroyed except under insulators.
Low Alloy Steel (4130) 7.6 - A 8 .. - 8.4 Pitting of coupons is
} S 4,9 . 7.8 3.3 N(19.0) conspicuous to eye, with
6.7 7.5 3.7 X(19.1) _about 1/2 of surface
. : : affected. U-bends do not
show pitting, but have
.more rapid weight loss.
. o Hardness HRC 37f38.
Type 304 0.7 ‘1 N N(0.5) ©  Pew scattered pits
. N(0.5) (~4 . mils dia.) barely
visible at 40X. General
increase in surface
S : . . roughness.
. Typé 316 <0.05 k.. N N{0.1) No evident change in
. T ’ N(0.2) surface finish.
oL . . .
Monel 400 0.1 N N nt
ca 613 0.2 incip 1.4 nt Incipient pitting as
0.2 incip 1.4 nt patches of dense pits
0.3 incip 1.3 nt or heavy etch <0.5 mil
. : deep.
CA 614 at N ‘N “ N(D.8) Only U-bends tested.
nt N N N(0.8) Pitting and crevice
L - : : S corrosicn examination
) made on U~bends.
cA 836 0.2 "N 0.6  nt
0.2 N 1.2 -nt
. 0.1 N 0.7 . nt
CA 954 0.1 N 1.3 nt
‘0.3 N 1.5 nt
S 8.1 N L1 . nt
CA 955 0.1 B O 0.9 nt "5 pinpoint pits--depth
R <0.05 - D 1.0 = nt not measurable due to
0.1 - N 0.9 “nt deposits in pits. Depth
I S . : . - >l mil.
CA 958" 0.1 1.6 1.4 nt Few scattered pits on
. 0.1 11 irncip nt each coupon.
0.1 0.9 -nt L

General Notes: L
l. N = pot decected.
X - e detécted.:
nt = not. tested.

:/incip_

"incip = incipient (<1 mil)
- mpy = mils per year

i. Examination for pitting and crevice co::osion was at 40x maqnification.

Determinéd from flat (unltressed coupons) .

U-bend gpecimens.

umber in pa:enehesil is weight—loss co::osion :ate for the stressed U-bend

&pecimen.

155




TABLE 35-4, RESULTS OF ALLOY SPECIMENS EVALUATED BY INCO

4.

: . Maximum
Weight Loss Maximum Crevice
Corrosion Pit Depth Corrosion -
Alloy {mpy) (mils) : (mils) : Comments ,
Carbon Steel (1010) 1.8 N N
. 1.9 N N
Ni-Resist Type I 4.5 N N Uneven uniform. corrosion
(Cast Iron) 9.2 N N and graphitzation
Monel 400 1.2 N N ’
1.2 N N
Monel K-500 0.1 N N
0.1 N N
Type 304 <0.05 N N
’ ) €0.05 N N
Type 316 <0.05 N N
<0.05 N N
Type 317LM <0.05 N N
. <0.05 N N
Type 410 <0.05 N N Incip indicates
. <0.05 N incip <1 mil depth.
Alloy 904L <0.05 N N
<0.05 N N
Nitronic S0 <0.05 N N
<0.05 N N
Incoloy 825 <0.05 N N
i <0.05 N N
General Notes:
1. N = not detected. incip = incipient (<1 mil)
X = detected. mpy = mils per year
2. Examination for pitting and crevice corrosion was at low magnificétion
(5-10X) only.
3. Results reported rounded to nearest 0.1 mil, thus results reported as 0.0

mpy indicate a corrosion rate of less than 0,05 mpy, as shown in the table.
Monel and Incoloy are trademarks of INCO, while Nitronic is a trademark of Armco, Inc.

Data provided by the International Nickel'Coméany (INCO), Suffern, NY.
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TABLE 35-5. COMPRESSION SET OF THREE O-RING MATERIALS
v : AFTER 4627 HOURS EXPOSURE
e e

Percent Compression Set

Specimen Buna-N Neoprene Viton
1 42,5 - 716 36.3
2 41.1 67.1 26.4
3 50.2 75.0 34.7
4 45.2 invalid test* \30.3
5 45.1 “76.0 31.1
Mean compression 44.8 + 4.4 73.9 % 7.3  31.8 % 4.7

set (95 percent
confidence level)

. : o : : . =
*Invalidated because guage ring was not installed, resulting
in unknown compression. , ,

Note: The. variatron in indiv1dua1 compressron sets for a given
material are :-of the same magnitude as the uncertalnty
1nherent in the thlckness measurement.

ThlS outcome sugqests that the coupons in the hori~
zontal leg were protected by a ;m581vatlon film which did not
protect the other specimens. -Such ‘an outcome is not unusual for
materlals whrch have -only marglnally suitable corrosion resis-
tance, and 1s an indicator that such materlals should be used
sparlngly.\ g

Iron sulf1des, such .as the ferrous polysulfide precrp—

itated from the geothermal fluxd, are extremely 1nsoluble so that

it is unlikely that iron is in the produced: £luid derrved from
the geothermal formation. - Therefore, it is surmised that any
iron sulflde in the geothermal water results from the reactions
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TABLE 35-6. RESULTS OF POLYMER CONCRETE TEST

Flexural Water Absorptionc
Weight Change Strength Increase Dimensional
Polymer Cement (Percent) psi (3) Initial Final Change
R 585 (Styrene~IHPTMA)a -0.1 229 5.3 1.04 -~ 2.54 None
R 586 | None’ 303 7.1 1.04  2.44 None
R 587. (Styrene-AN-TMPTMA)D 1.1 377 8.7 1.61 12.00 None -
R 588 | 1.3 599 13,9 C-- 176 None

-- Data not ava}lablei :
Note: The averége'lnitial flexurai attength of these formulations is 4285 psi.

aHon‘omet:?ormulation: 55,5 wts styrene - 4.5 wt% polystyrene f‘40 wt$ TMPTMA
with additives.1 wtt 8440, 1 wt% Al74, 1 wts DMA, 4 wts BFF-SO; 0.5 wts DTBP.

Aggregate Formulation: 76 wts silica sand - 24 wth' Type III portland cement
with additives 0.5 wts A174, 0.5 wts 8440, 1.5 wts actylamide.- S

Monomer Formulation: 55 wtd styrene - 36. wts actylonitrile -.9 wts TMPTMA
with additives 1 wt% Al74, 1 wt% DMA, 4 wts BFF-50, 0.5 wt% DTBP.

Aggregate Formulation: 70 wt% s111ca sand - 30 wt$ Type III portland cement. :
“Water absorption is measured by submersing samples in boiling.water for 5 hours.

Data provided‘by'Brookhaven National laboratory, Upton, NY.




of corrosion product iron ions with the traces of hydrogen sul-
fide. A mass calculation based on the iron content of four
geothermal fluid samples from the T—h-s well indicate a corrosion
rate of at least 7 mpy at fullffluid,production.

Thus, it appears that ‘the corrosion rate of carbon
steel may vary significantly as a result of subtle variations in
microstructures or the geothermal fluid environment from this
resource. High corrosion rates, approximately 20 30 mpy may be

encountered.

As shown in Table 35-3, the weight-loss results from
the 4130 flat coupons were somewhat different than those from the
U-bends.‘ The flat specimens had large pits--approximately 30-60
mils'in‘diameter and up to 8 mils deep covering about half of the
surface of each coupon. The rest of the surface showed little
attack, indicating that this area was cathodically protected by

the grOWing pits.v The weight-loss corrosion rate of these cou-

pons was 4.9-7.0 mpy. The U-bends, on ‘the other hand, did not

exhibit the . distinct pitting shown by the flat coupons, though
some faint rings were visible. " Rather, ‘the entire surface was
roughened, indicating uniform corrosion. The weight-loss corro-
sion rate was 19 mpy.f The transition to "uniform® corrosion, may
well be the result of the high stress state of the U-bend
material as high applied stresses can provide the energy neces-
sary to: cause rupture of protective films. As in the case of the
carbon steel, these results suggest that the 4130 has some ten-
dency to form protective films, but that these films do not

| afford reliable protection."?

The 4130 U—bends were fabricated from material of HRC
37-38 hardness. Low alloy steel of this hardness is highly
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susceptible to sulfide stress cracking ("sour cracking®). . One of

the two U-bends did crack, demonstrating that the Central Texas

- geothermal fluids can cause sulfide stress cracking of suscept-

ible materials~-high strength alloys with HRC greater than 22.

The two cracks also showed evidence of metal-loss corrosion,
suggesting that they occured early in the test.

This high nickel cast iron is used as impeller material
in some electric submersible pumps. It exhibited 4.5-9.2 mpy
weight-loss corrosion as uneven graphitization. . Graphitization
is a corrosion mode of cast iron in which the ferrous matrix is
corroded away leaving the graphite flakes. The object does not
change shape, but looses strength as the matrix is dissolved.

.Gﬁllaniz.e.d_.s_t_e_el

The three flat galvanized steel coupons and both
U-bends were partially corroded away during the 4627 hour test.
Almost half of each of two of the flat coupons was missing, and
what remained was brittle and fragile to the touch. Apparently
all of the zinc was corroded away, as well as most of the steel
substrate. As anticipated, these results indicate that galvan-
izing is not protective in these waters.

The flat specimen examined by the Radian MSL showed 0.7
mpy weight—;oss corrosion and a few scattered pits up to 4.1 mil
deep. These pits were 1-7 mils in diameter and were barely
visible at 40X. They would not have been visible at the 5-10X
magnification used by the INCO. No crevice corrosion was
detected. The two U-bends showed 0.5 mpy weight-loss and no
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cracking. Like the flat specimen, they exhibited roughening of
the as-received finish.

The -two coupons evaluated by INCO showed no reported
weight-loss corrosion (<0.05 mpy) and no signs of pitting or

crevice corrosion..

; : '

All Ofithe flat coupons of this material showed less
than 0.05 mpy weight-loss corrosion.  The specimen examined by
the Radian MSL showed no detectable change in the as-received
surface finish. This result is coneistent with the inspection of
the Type 316'plates'fromione'of the T-H-S heat exchangers after
its initial seven months of service. That inspection, which

‘included microscopic examination up to 400X, also showed no
‘ change in surface finish. (Refer to Appendix D.)

The U-bends showed 0.1-0.2 mpy weight-loss, possibly a
result of the applied stress. No evidence of chloride stress
corrosion cracking was observed. o

All of these highly alloyed stainless steels contain
additions of alloying elements which would be expected to provide
greater pitting resistance than Type 316. 'Their performance in
this test was consistant with" this expectation. All showed less
than 0.05 mpy weight-loss corrosion and no detectable pitting or
crevice corrosion.~ IR '
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This 12Cr stainless steellshowed surprisingly little
corrosion, less than 0.05 mpy weight-loss and no pitting when
examined at low magnification. -It did suffer some crevxce corro-
sion, less than 1 mil deep.' 12Cr stainless steels typically have
significantly less pitting resistance than Type 304. Therefore,
despite the- good result in thiS~trial, use. of these alloys for
large thin-wall applications. such as heat exchanger plates, is
inadvisable for this resource. o | N

~ Monel 400 and K500

: - These two alloys are compositionally' -quite similar,
containing about 40 percent copper in a- nickel base. Monel K500
contains minor additions of ‘aluminum and titanium which produce
high strength properties. These alloying additions generally do
not produce a 81gnificant difference in weight-loss or pitting
corrosion performance [Lewis 1979). In this test, the two Monel
K500 coupons analyzed by INCO and the Monel 400 coupon analyzed
by Radian all showed weight-loss corrosion rates of 0. 1 mpy Wlth
no pitting detected at 40X. The two Monel 400 _coupons evaluated
by INCO also showed no' pitting or crevice corrOSion, but exhi-
-bited 1.2 mpy weight-loss corrosion.

The Copper Alloys

Most‘copper alloys have performed extremely poorly: in
low temperature geothermal environments.' Copper and brasses have
not done well and should generally be avoided, as should cupro-
nickels [Ellis and Conover 1980; 1981]. However, a few copper
alloys-- aluminmn bronzes and leaded red bronze-- have shown
promise [Ellis and Conover 1981, Anliker and Ellis 1981], and
were included in this test. ‘ ' ‘
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CA 836 (leaded red bronze) showed 0.1-0.2 mpy uniform
corrosion with crevice corrosion up to 1.2 mils deep. There was

-no evidence of pittinq.,

‘CA 613 and CA 614 are wrought aluminum bronzes with

smilar compositions. The CA 613 showed 0.2-0.3 mpy weight-loss

corrosion. About one—half of ‘the surface of each coupon was
covered with dense microscopic pits less than . 0. 5 mils deep.
Crevice corrosion depth was 1.4 mils. The CA 614 showed no

evidence ofastreSs}crackings

The aluminum-nickel bronzes,» ca 954, CA 955, and CA
958, a11 had weight-—loss corrosion rates of 0.2 mpy or less. All

‘showed crevice. corrosion of about the same severity (0.6-1. , 5
mil). CA 954 showed no pits, while CA 955 had 5 pinpoint pits on'

one coupon, and CA 958 had a few tiny pits on each coupon.

"All -of ‘these materials showed a slight but real
.strength progression as a result of hydration of the Portland

~cement constituent. The water absorption of the styrene-TMP‘l‘MA
-more: than doubled, while the styrene-AN—TMPTMA showed only a 25

percent increase.' ‘However, even the highest water absorption was
only 2. 54 percent, compared to six perCent for good Portland
cement. The cements were also dimensionally stable. It is the.

conclusion of BNL that these materials showed no degradation as a

result of the test exposure [Kukacka 19831. ‘

As shown in Table 35-6, the average . compression set of

the Viton was 31.8 percent while the Buna-N (nitrile rubber) was

44.8 p_ercent. Neoprene showed a compress:.on set of 73. 9 percent'
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after only 4627 hours. The Neoprene O-rings were conspicuously
flattened after removal from the compression test apparatus, and
showed no visible signs of recovery even after several days. On
the basis of these results, Viton 1s ranked as best, Buna-N is
good, and neoprene is poor.

35-4 Imnlisatinns_fu&entral_lexas_ﬁ_eo_thermal

As shown in Table 35-1, the'Central*Texas geothermal
resource as typified by the fluids of the T-H-S well fall into
Geothermal Corrosivity Class Va. 1In fact, the measured wellhead
'pH of 6. 16 at Marlin may well make this resource one of the most
aggressive to steel of any low temperature domestic geothermal
resource developed to date.

Experience at other Class Va resources shows that, for
steels, weight-loss corrosion rates of 4.8 to 20 mpy are typical,
usually with heavy pitting [Ellis 1982]. The average weight-
loss corrosion rate of carbon steel in the 4627 hour test was
within this range, but four of the six specimens had corrosion
rates of 23-28 mpy. The evidence from the 4627 hour test, and
other data from the T-H-S geothermal system, indicate that the
corrosion behavior of carbon steel can vary w1de1y with minor and
subtle variations in environment.

Minor alloying with chromium and molybdenum (4130
steel) did not 1mprove the overall corrosion performance of the
steel. Unstressed metal showed pitting at about 15 mpy, while
stressed material showed 19 mpy "uniform® corrosion. ' ’

Given the variability in steel performance, conserv-

ative values of 20-30 mpy should be assumed, as such corrosion
rates may‘well'occur even in the absence of oxygen. ' In addition,
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the Central Texas geothermal water was demonstrated to cause
sulfide stress cracking of high strength 1ow‘alloy steel. There-
fore, the lLimitations of NACE* Materials Requirement for Sulfide
Stress Cracking Resistant Metallic Material for 0.1 Field Equipé
ment (NACE Standard MR-01-75) should be considered in all mater-
ials selections. This standard allows a maximum hardness of HRC
22 for low alloy steels.

Whenever possible, alternative,materiais’suoh as non-
metallic piping and well casing should be considered. Table 35-7
summarizes the properties of some non-metallic well casings
tested for low temperature geothermal wells. The source refer-
ence for Table 35-7 also provides information on design, limita-
tions, and cost of such casing.

Another alternative worthy of consideration is the use
of moderately alloyed steels ranging from 2.25Cr - 1Mo to 9Cr -~
1Mo. These alloys have apparently not been tested in low temper-
ature applications, but have been shown to be superior to carbon
steels in some high temperature trials [McCright i981].

‘ Galvanlzing' cannot be re11ed upon for protection of
steel. The galvanized samples tested at T-H-S were partially
destroyed. No protection was afforded by the 21nc.

- Low. temperature geothermal experience bhas shown tnat
copper and many of its alloys, including most brasses and cupro-
nickels, have given almost universally poor performance in actual
geothermal systems (Ellis and Conover 1980; -19811. Therefore, it
is likely that wvirtually all Central Texas geothermal ptc;ects

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

Tensile Tensile Tensile
Strength Modulus Ceiling Modulus Thermal Depth
. SpGr (at 68°F) at 68°'F) Temperature @ Ceiling Expagaion Limit
Material (68 P) (ksi) (ksi)® (*F) Temp (10~ (fv)
(ksi) in/in/*p)
Thermoplastics
ABS 1.04 4.5 299.9 180 220.4 3.05 1000
CPVC 1.55 8.4 422.4 180 - 3.78 1000
PVC 1.40 8.0 419.6 150 284.4 2.78 1000
SBR 1.06 3.8 320.0 140 284.4 4.17 1000
Thermosets
Epoxy 1.89 9.5 1351.1 266 - 1.28 -
Polyester 1.80 8.2 1378.1 150 - 1.22 -
Vinylester 1.53 15.2 1041.1 199 - 1.22 -
Fiber-Reinforced Plastics
Epoxy (continuous wound) - - 2190.2 266 1393.8 - 6562
Epoxy (fiber mat) - — 1329.8 150 938.7 - -
Vinylester - - 938.7 199 739.6 - 1200
Reinforced Plastic Mortar (RPM) 1.95 27.0 2999.5 140 - 0.50 -
Casing steelb
API: K-55 7.84 75.0 39593.6 1800 - 0.63 -

-= No data available.

gksi = thousand pounds per square inch
Included for comparison purposes.

Abbreviations :
ABS - polymerized acrylonitrile, butadiene, and styrene monomers
CPVC - chlorinated polyvinyl chloride
"PVC ~ polyvinyl chloride
SBR -~ styrene butadiene copolymer resin

Source: Gas, Purdin and Armitage 1979




will require the use of isolation heat exchangers to protect
standard HVAC equipment from contact with the geothermal fluid.

Both T-<H-S heat exchanger experience and results of the
4627 hour test indicate that Type 316 stainless steel is probably
the optlmmn material for heat exchanger plates in the Central
Texas resource. - Type 304, which inherently has less pitting
resistance than Type 316, was found to have suffered microscopic
pittlng at about 8 mpy ., and therefore it is likely not sultable
for heat exchanger service., It may be useful for thlck-walled
applications. Type 410 (12Cr) likewise usually has lower pitting
resistance than Type 304, and should be considered only for
thick-walled applications.

More highly alloyed stainless steels, such as Type

- 317LM, Alloy 904L, Nitronic 50, and Incoloy 825 could be consi-

dered if Type 316 should prove inadequate at other Central Texas

‘locations. These alloys may also be useful for other applica-

tions in various geothermal components.

Leaded red bronze has proven successful for valve
bodies, lineshart bearings, and pump impellers in other geo-
thermal systems, and these test results support its use in the
Centrai Texas resource. The aluminum-nickel bronzes, CA 954, CA
955, and CA 958, may also be useful and economic for thick-walled
applicatlo'ns. Wrought aluminum bronze CA 613 has been considered
for plates of plate heat exchangers, but its\tendencies toward
pittlng or surface rOughening; as well as crevice corrosion,
should be considered carefully prlor to its use for such.

Viton was touna to be the best elastomer tested and is
likely to be worth the extra cost for dynamic seals and for parts
which are frequently dlsassembled. Buna-N was not as resistant
to compression set as was Viton, but is also 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-S) Memorial Hospital
geothermal proJect secured appropriate permits allowing surface
discharge of the spent geothermal fluids. This disposal tech-
nique enjoys both technical and economic advantages over injec-
tion of spent geothermal fluids. It is therefore desirable that
future geothermal projects hav1ng the same or similar fluids also
use surface discharge.- The primary deterrent to this technique
is the potential environmental impact on water quality and/or
biota due to these discharges. The purpose of this case study
was to monitor and evaluate the actual environmental conditions
along the surface discharge route of the spent T-H-S fluids.
This route .is illustrated in Figure 36-1.,

This case study included water quality and biological
sampling, analyses, and. documentation.. Sampling was performed by
a water quality analyst and an aquatic ecologist on ~one-day
sampling trips occurring in the months of May, July, and November
1982, and February 1983. Water quality field measureménts (pH,
temperature, dissolved oxygen, and conductivity) were made during
each of the trips at pertinent locations -along the discharge

*This section describes an effort which is unique to the Tbﬂ-s
Hospital- project and which is, therefore, in addition to the
'standard" DOE PON outline followed for thls report.
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route. Water quality analyses that determined total dissolved
solids (TDS), sulfates, chlorides, and trace metal concentrations
were performed for two sample locations during each of the four
seasonal visits. Additionally, qualitative . and quantitative
comparisons of aquatic biota at appropriate locations were made
by an aquatic ecologist. /Similarly,‘ a terrestrial recologist
assessed the biota near the stream beds of the discharged fluid
route.

36.1 Description oﬁ the Receiving Water Body

The spent geothermal fluids arevdischarged to City Park
Lake via a storm sewer‘system‘which drains the southern portion
of the city. The storm sewer outlet is a culvert which empties
into a short inlet stream which flows to City Park Lake. Fiqure
36-2 shows the City Park Lake and its surroundings.

v The City Park Lake is a man-made impoundment which
serves as a storm-water catchment basin. The pond area is ap-
proximately two acres and its average depth is less than two
feet. The deepest point found during Radian's 1982-1983 surveys
was slightly over three feet. The pond is situated in the City
Park and its primary'value is scenic. There is no use of the
lake for swimming or boating. ~ Fishing has reportedly been
limited to catching bait for other lakes and rivers in the area.
Such reports ate”ébﬁsistgnt with the finding of no significant
game'orlsport fish while seining the lake -during four seasonal
visits. ’

7 The outlet stream from the lake flows into Bean Branch,
a tributary of McCullough Slough. McCullough Slough is a former
channel of the Brazos River which drains to the Brazos the agri-
cultural bottomlands in the floodplain between the existing
Brazos River channel and the City of Marlin.
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The Brazos River is the third largest river flowing in
Texas. It flows southeast and across Texas and enters the Gulf
of Mexico. Marlin is located about 3.5 miles (5.6 km) northeast
of the confluence of McCullough Slough and the Brazos River.

Baseline water quality data was not collected for the
surface waters prior to the initiation of discharges from the
T-H-S well. Table 36-1 lists a comparison of pH and TDS values
for waters downstream from City Park Lake during a period in
which there were on and off well test discharges at low flows of
approximately 50 gpm. It is not clear to what extent these test
discharges affected ‘the downstream - water quality on the day in
which these samples were taken. However, this data is consistent
with other data taken in December 1981 prior to installation of
the production pump (e.g., no discharge occurring). Therefore,
these earlier values were used as baseline for assessment pur-
poses both in the original environmental assessment and for this

study.

TABLE 36-1. WATER QUALITY DATA FOR CITY PARK LAKE, BEAN BRANCH
McCULLOUGH SLOUGH AND BRAZOS RIVER IN MARLIN,
TEXAS, AUGUST 1979 :
—_———— e e e e

Sample Collection Site @ -~ . pH (units) TDS (mg/1)

City Park Lake Inlet . . o 8.02 3960

City Park Lake Outlet o 7.65 1110
(Bean Branch Inlet) A o

McCullough Slough Outlet ‘ 7.57 1460

Brazos River Park DA 7.69 . 840

Source: Radian 1979.
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36.2 Deagripti9n_9f;sam2lingeand_Analxtigal;Erngedurea

All sampling and analYtical 'proceddres performed by
Radian were standard, approved rechniques. A brief description
of them follows. Further details can be found in referencee
APHA-BWWA 1981; US EPA 1979; and US EPA 1973. '

36.2.1 Sampling Procedures
Water Ouality

Sampling trips to the site were_made in May, July, and
November 1982 and in February 1983. Durihg theae trips, physico-
chemical data were recorded in the field and samples for water
qua11ty analysis were iced and returned to Radlan s laboratories
in Austin, Texas.

Table 36-2 provides information on the Hydrolab® 8000,
the instrument used for field physico-chemical determinations.

TABLE 36-2. HYDROLAB® 8000 TECHNICAL INFORMATION.

Parameter Probe Type ' Calibration Range Sensitivity

Temperature Linear therﬁiater Factory -5.0 to 45°C + 0.1°C
Depth Strain gauge transducer E’actorya 0to20m+0.1m
Conductivity Temperature compensated, Laboratoryb 0 to 20,000 ymhos/cm + 2

four electrode cell

pH Temperature compensated Fieldc 0 to 14 su £ 0.02 su
glass electrode, . ’
silver/silver chloride
reference

Dissolved oxygen Temperature-compenaated Fie1d® 0 to 26 ppm + 0.05 ppm
membrane filter ' : . : .

3rield calibrated to zero on local barometric pressure.
bDocumented calibration before and after each trip.

®pocumented calibration daily.

174




Biological

Fish were collected usxng a 20 ft x 4 ft x 3/16 inch
mesh minnow seine and a D-framed dip net. Observing shallow
streams and checking fisherman creels were also used where appro-
priate.

‘Qualitative pPlankton. samples were taken by towing a 9
cm No. 220 mesh net through the water. Quantitative samples were

-obtained by collecting one liter of raw water in a wide-mouth

bottle. All plankton samples were preserved with three to five
percent buffered formalin and labeled,

Benthic (bottom dwelling) invertebrate samples were
collected using a 6 inch x 6 inch Ekman dredge. The sample was
placed in a No. 30 mesh bottomed .wash bucket and the silt and
fine debris was rinsed out.  The remaining debris and organisms
were placed in a one-liter widemouth jar, preserved with five
percent formalin, stained w1thmrosebengal and labeled.

Periphyton (plant communities attached to submerged
objects) samples were qualitatively sampled by scrapping appro-

- priate substrates at the station site. The samples were pre-

served w1th three to five percent formalin and labeled.

: Sediment samples were collected us1ng a 6 inch x 6 inch
Ekman dredge.- 'I'he dredge was emptied into a Teflon bucket,
allowed to settle, and the supernatant was discarded. The re-
maining material was placed in a one~quart jar with Teflon 1lid,

,.labeled, iced, and returned to Radian 8 Austin laboratories.
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36.2.2 Analyses Procedures

E

. Water quality samples returned to the laboratory were
analyzed as presented in Table 36-3. Trace elements were
analyzed using ICPES (Inductively Coupled Argon Plasma Emission
Spectroscopy) scans. The first two sampling trips also used AA
(Atomic Absorption) spectroscopy for greater sehsitivity. Detec-
tion limits of the trace elements scans are presented in Table
36-4. '

Ef

Macroinvertebrate samples were rinsed with tap water, -
placed in a white background pan, sorted from the debris, and
preserved in 70 percent ethanol; The samples were then identi-
fied to the lowest practical taxon utilizing either a dissecting
microscope or a compound microscope, as necessary.

TABLE 36-3: METHODS USED FOR WATER QUALITY CHEMISTRY OF MARLIN

SAMPLES
: Detection
Parameter Method Cited Technique Limit?
Chloride EPA 325.32 Titrimetry 1l
SM 407C? Potentiometric titrimetry 1
Sulfate EPA 375.4? Nephelometry 1
Total Dissolved EPA 160.12 Gravo,etru 1

Solids

'mg/l1 unless otherwise noted
*Source: US EPA, 1979.
3Source: APHA, 1980.
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TABLE 36-4. METHODS AND DETECTION LIMITS FOR TRACE METAL
DETERMINATIONS OF MARLIN SAMPLES

w

— — —=

AAS?!
Graphite .= = Hydride Cold
Element Flame Furnace Generation Vapor ICPES?
Aluminum 0.5 ' ' , 0.050
Antimony 0.02 0.005 0.005 0.032
Arsenic 0.01  0.002 0.003 0.057
Barium 10.0 0.1 0.0006
Beryllium 0.04 0.0005 0.0005
Bismuth - : : 0.049
Boron 0.009
Cadmium 0.1l 0.0005 0.008
Calcium 0.05 o , 0.045
Chromium 0.2 0.003 0.001
Cobalt 0.05 0.005 0.006
Copper 0.1 0.003 0.001
Gold » ' 0.048
Indium E ‘ 0.055
Iron 0.02 : 0.008
Lead 0.4 0.002 0.084
Lithium 0.01 ' 0.004
Magnesium 0.02 0.034
Manganese 0.01 0.001
Mercury - ' ' 0.0002 0.032
Molybdenum 0.1 0.005 0.002
Nickel: 0.2 0.005 ‘ 0.003
Phosphorus o : 0.18
Platinum , : 0.025
Potassium 0.05 : ' 0.042
Selenium 0.01  0.003 0.004 0.084
Silicon 1 , : o 0.016
Silver 0.06 0.001 0.002
Sodium 0.05 ' ' 0.006
Strontium 0.02 = ' ‘ 0.0004
Sulfur : ' o 0.030
Tellurium B , 0.10
Thallium 1 0.003 - 0.091
Tin - : ' _ o - 0.12
Titanium , : SRR ~ - 0,005
Tungsten T T : 0.018
Uranium ' : f - 0.064
Vanadium 1 0.001 - o .~ 0.003
Yttrium 0.02 - v 0.002
Zinc . 0.03 0.005 ‘ ’ ' 0.003

1atomic absorption spectroscopy ‘
’Inductively coupled argon plasma emission spectroscopy
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Plankton samples were settled in a one-liter hydrometer
" cylinder with two to five milliliters (ml) of Lugol's solution
and two ml of detergent. After settling for 48 hours, the sample
was concentrated by slowly siphoning off and discarding all but
25 ml of fluid. The concentrated plankton were then poured into
a beaker, and 25 ml of distilled water were added to the hydro-
meter cylinder to further rinse out the sample. The rinse water
was then added to the plankton, bringing the volume to 50 ml.
This concentrate was aggitated before sub-sampling for zooplank-
ton and phytoplankton analyses.

Depending on the density of the zooplankton popula-
tions, quantitation was achieved using either a Sedgewick-Rafter
(sparse) or Palmer (dense) counting cell. Enumeration was done
with either a Bausch and Lomb Stereozoom 5 (Sedgewick-Rafter) or
an Olympus CHA (Palmer) compound microscope.

‘ Total algal populations were determined in a two-step
pethod. The first step involved quantifying and identifying the
diatom (abundant microscopic siliceous algae) component by dry
mount. The second step involved identifying and quantifying the
remaining population by wet mount. The final densities of
taxonomic (systematic scientific classification-type) units were
determined by combining the results of the two methodologies.

Taxonomic composition and abundance of diatoms were
determined by placing several drops of the settled concentrate on
a microscope slide, thoroughly drying the sample on a warming
plate and mounting a coverglass with Hyrax. This procedure
allows identification of the diatoms at 100X, 450X, and 1000X
utilizing phase and/or oil immersion. From this data all diatoms
were identified to the lowest practical taxon. Ratios of small,
otherwise unobservable diatoms to the larger individuals wvere
made.
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A Palmer c0unting cell was then prepared (wet mount)
and all algal components were identified and enumerated. Only
the large diatoms are countable by this technique. The remaining
diatoms are then added to count in the same ratio as determined
from the dry mount. B

36.3 Results of Field Measurements and Sample Analyses
36.3.1 Water Quality Analyses

The parameters chosen for this study can be divided
into two categories: '

[ ) Field Parameters: temperature, dissolved
oxygen, pH, and conductivity,

o Chemical Parameters: total dissolved
solids (TDS), chloride (cl), sulfate (s0,),
and trace metals.

Table 36-5 summarizes the results of both field mea-
surements and water quality analyses at the inlet stream to City
Park Lake and at City Park Lake itself,: The data indicate that

‘the inlet water is being diluted within the body of the lake.

Also it appears that a denszty gradient or partial stratification

-may exist in the lake during some periods of the year. During
spring and fall sampling, dissolved oxygen concentrations in the

lake exceeded the saturation level, indicating a biological
"bloom'yin the lake. The ratio of conductivity to total dis-
solved solids ranges from 0.64 to 0.74 which Closely corresponds
to the mean ratio of 0.65 reported by the U.S. Geological Survey
for this area [Welborn 1983].
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TABLE 36-5. WATER QUALITY SAMPLING DATA, CITY PARK LAKE, MARLIN, TEXAS

5/82 1/82 11/82 2/83

Parameter? Inflow Lake Inflow Lake Inflow ~ Lake Inflow Lake
pH (su) 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? (mhos/cm) 5880 2830 4390 3800 5560 2210 5950 3330

T (3090) (3370) v (4000)
Total Dissolved Solids 4042 1825 3320 2880 4150 1530 4430 2380
‘Sulfate 2060 46 1510 1280 -—- === 2590 1520
Chloride 315 158 370 310 260 141 290 237

lUnite in mg/l unless shown othervise. -
*Data in parenthesis at 1.0 meter depth. Other data at 0.1 meter depth.

Water quality samples were also analyzed for trace
metal concentrations at these two locations. These data are
included as Appendix G to this report. Analysis of the trace
metal data failed to show any seasonal trends or significéntly
high concentrations of trace metals in lake water, bottom sedi-
ment, or fish tissue. :

Tables 36-6 through 36-9 present representative field
measurements taken along the entire discharge route during the
four séasonal visits. Sampling points are roughly indicated on
Figure 36-2 and 36-3. Data for two depths at the middle of City
Park Lake are included to give a profile of the water column in
the lake. As noted earlier, the discharge fluids are more dense
than local surface waters, and it appears that a density gtadient
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TABLE 36-6. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO THE

BRAZOS RIVER, 5 MAY 1982

(Mixing zone with
McCullough Slough)

, v “Temperature .~ Conductivity Dissolved Depth
- :Station (°C) pH (umhos/cm)- - Oxygen (m)
(mg/1)
- Inlet Stream 27.4 —-— 5880 7.6 0.1
“City Park Lake 24.3 8.7 2830 8.6 0.1
_Outlet Stream 24.6 -— 2780 6.5 0.1
Bean Branch - 24.5 — 720 5.5 0.1
(Upstream)
Bean Branch 25.3 —— 1480 9.7 0.1
(Downstream)
"~ McCullough Slough 24.5 -—— 1840 6.7 0.1
(At highway bridge)
~ McCullough Slough 23.8 e 1880 7.9 0.1
- (At Brazos River ‘
“Park)
Brazos River 23.3 8e2 1400 9.1 0.2
(Upstream)
Brazos River 23.3 8.2 1430 8.8 0.2
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TABLE 36-7. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO THE
BRAZOS RIVER,

P _______

29 JULY 1982

— ]

Temperature Conductivity Dissolved Depth
Station (°C) pH (yumhos/cm) Oxygen (m)
(mg/1)

Inlet Stream 30.1 8.2 4390 6.7 0.1
City Park Lake 31.3 8.2 3800 5.4 0.1

30.5 708 oeo—— 1.0 1.0
Outlet Stream 30.6 8.6 3900 7.1 0.1
Bean Branch 32.4 9.2 3750 7.1 0.1
(Upstream)
Bean Branch 32.3 10.2 3800 8.5 0.1
(Downstream)
McCullough Slough 31.4 9.0 2570 8.3 0.1
(At highway bridge)
McCullough Slough 33.6 9.4 2570 13.6 0.1
(At Brazos River
Park)
Brazos River 31.8 9.0 1100 10.1 0.2
(Upstream)
Brazos River 31.8 9.9 1080 10.1 0.2

(Mixing zone with
McCullough Slough)
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TABLE 36-8. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO THE
BRAZOS RIVER, 5 NOVEMBER 1982 -

Conductivity

T Temperature Dissolved- Depth
Station (°C) pH (umhos/cm) Oxygen (m)
(mg/1)
Inlet Stream 24.4 8.1 5440 7.1 0.5
City Park Lake 15.6 8.0 2210 6.6 0.2
~ : 16.8 7.7 3670 2.5 1.2
Outlet Stream 15.4 8.1 2300 7.8 0.1
Bean Branch - 14.3 7.4 1450 4.6 0.2
(Upstream) ‘
Bean Branch 13.8 7.52 1300 5.0 0.5
(Downstream) : .
McCullough Slough 13.3 7.6 1820 5.4 0.1
(At highway bridge) : ,
McCullough Slough 15.0 7.8 1990 9.0 0.1
(At Brazos River
Park)
Brazos River 16.7 7.9 1030 9.5 0.2
(Upstream)
Brazos River 16.5 7.9 1060 9.5 0.2

(Mixing zone with
McCullough Slough)
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TABLE 36-9. REPRESENTATIVE FIELD MEASUREMENTS FROM CITY PARK LAKE TO

THE BRAZO0S RIVER,

P ____—— _— —— _____——__——— ——— _—_—____ _—_______ _

17 FEBRUARY 1983

Temperature. Conductivity  Dissolved Depth

Station (°C) pH (umhos/cm) Oxygen - (m)
(mg/l)
Inlet Stream 23.8 8.2 5950 8.6 0.2
City Park Lake 13.8 8.4 3330 12.4 0.1
14.6 8.1 4000 8.6 1.0

Outlet Stream 13.5 7.9 3280 10.5 0.1
Bean Branch 12.9 7.7 1150 9.5 0.1
(Upstream) -
Bean Branch 13.6 8.0 2320 10.4 0.1
(Downstream)
McCullough Slough. 12.1 7.5 1440 8.5 0.1
(At highway bridge)
McCullough Slough 15.3 8.1 1580 16.1 0.1
(At Brazos River
Park)
Brazos River 18.2 9.2 1090 18.0 0.2
(Upstream)
Brazos River 17.6 9.0 1200 18.36 0.2

(Mixing zone with
McCullough Slough)
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occasionally exists in the lake. This effect was most pronounced
during the fall (November 1982) sampling trip.

, Figure 36-4 is a chart comparing normal and recorded
monthly precipitation for Marlin, Texas. During the monitoring
pétidd, the monthly precipitation pattern was at or below normal
except for the months of October, November, and February.

MARLIN, TEXAS
MONTHLY PRECIPITATION

HNMIOZH

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

NORMAL
1982-1983

Figure 36-4 Recorded Monthly Precipitation in Marlin, Texas
During Study Period Compared to Normal Monthly
Precipitation. Source: NCC 1982

186




Storm catchment water guality can be dependent upon the
'number'of dry days precedlng sampling. Conversely, water
qual:.ty follow:.ng a wet period may be improved by the dilution of
rainfa’li. Figure 36 5 shows the pattern of daily rainfall for
the one year monitonng period w1th ‘the dates of sampling visits
indicated. The spung sampling trip was preceded by a relatively
dry period in late’ April and early May. Similarly the summer
sample was also dur:.ng an extended dry period. Fall and winter
samples were preceded by a number of storm events.

~ MARLIN,. TEXAS
DAILY PRECIPITATION

, SRR ‘ Field Sampling Dates
y 92 S Y PR ‘ -+ 5 May 1982
R P \ 29 July 1982
. 1. ¢ 5 November 1982
1 _ ¢ 17 February 1983
N 1.44
c
H
E
s
Q.96 | .
0.4 - l l J } '
. L J.l J
3-1 4-1 8-t 6-1 7- : 8~ 9-1 1@-1 11=112-1 1-1 2-1
1982-19863

Figure 36 5. Da11y Precipltation in Marlln, Texas
During the Study Perlod. Source: NCC 1982
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36.3.2 Aquatic Biology
Eish

The only fish collected 1n the inlet and outlet streams

and the lake were green sunfish (Lspgmzs_swanellns) and mos-

‘quitofish (Gambusia affinis). The mosquitofish were collected

in very large numbers. Downstream, in Bean Branch, a fisherman

had caught a brown bullhead (Ictalurus nebulosus). The only
other fish noted were in the mouth of McCullough Slough at the

Brazos River where the blacktail shiner (Notropis venustus)
was abundant.

Macrobenthos

No invertebrates were found in the lake. Casual col-
lections in the inlet and outlet streams yielded very few speci-
‘mens. Below the lake, most of the organisms observed were
dragonflies (odonates) known to be salt-tolerant.

Plankton
Phytoplanktdn populations demonstrated moderate
"blooms" and low diversity. The dominant species (Table 36-10)

were all indicative of eutrophication and/or sewage¥* ponds. In

particular, En;e;gmg;pha and Bidulphia are often considered

estuarine organisms. No emergent macrophytes were evident in the
pond. All plankton results are shown in Appendix G.

*Sewage, as used in this section, refers to sanitary sewage.
Although it has not been reported as occurring, typically urban
storm sewers may receive overflows of sewage from manholes,
liftstations, etc. during wet weather.
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" TABLE 36-10. DOMiNANT ALGAE FOUND DURING THE MARLIN STUDY IN
CITY PARK LAKE

Date Genus (units/ml) - Indicator of!
29 Jﬁly 82 Palmellococcus (2700) Sewage
' Tetraedron (1700) Sewage
5 Nov 82 Chlorococcum (2400) Sewage
‘ Cyclotella (2500) Sewage
Rhaphiopsis (2500) Sewage

Enteromorpha (Abundant
| periphyton) Organic Pollution

17 Feb 83 Chlorococcum (1400) Sewage

lSource: Palmer, 1977.

Di .

Mosquitofish and green sunfish are often considered to
be among the fish most tolerant of pollution. The abundance of
mosquitofish is indicative of the absence of an efficient preda-
tor. The moderate blooms of sewage-indicative algae demonstrate
eutrophic conditions. The absence of benthic invertebrates in
the pond demonstrates a serious environmental pertubation. Some
bottom-dwelling pond organisms are usually very tolerant of
anaerobic/salinity/thermal influences. 1

The biological communities present in City Park Lake
are indicative of high organic sewage, salinity and environmental
stresses. Many freshwater organisms can tolerate salinities up
to about 5000 ppm. The stress on this system is probably related
to more factors than Just salinity and/or to an interaction of
several factors. ‘ '
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36.3.3 Terrestial Vegetation

The vegetation occurring adjaceht to those streams and

impoundments receiving discharged geothérmal waters was surveyed

on 5 November 1982. Observations were made at five stations
along the affected drainage. These included three stations in
Marlin City Park, one station at the county road bridge over
McCullough Slough and one at the confluence of McCullough Slough
and the Brazos River. Observations were made of the macrophytic
vegetétion adjacent to the affected d:ainages on a qualitative
basis. ’

Marlin City Parl

The three stations included in this park were the
stream channel below the park entrance and.abOVe City Park Lake
(station 1), City Park Lake (Station 2), and the stream channel
below the impoundment to its confluence with Bean Branch. All
three stations maintained a disturbed vegetative cover consisting
of a mixture of native and introduced plant taxa.

Station 1. Vegetation adjacent to this section
of the creek is a narrow gallery forest predomi-
nantly of live oak (Quercus virainiana) with
infrequent cedar elm (Ulmus crassicolia) and
bois d'arc (Maglﬂ;g__ggmiﬁg;ﬁ). Understory

consists of several large colonies of giant reed
(Arundo donax), rough-leaf dogwood (Cornus
drummondii), and common four-o'clock (Mirabilis
Jalapa). Vines are abundant and are dominantly
trumpet-creeper (Campsis radicans), and poison
ivy (Rhus toxicodendron). Herbaceous cover

consists of a weedy growth of giant ragweed
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(Ambu.sj.s__tr.if.;.ds). johnson grass (Sorghum

halapense) and halry paspalum (Paspalum pubiflor-—
- um) . Isolated sites along this stream segment
: maintain a ground.}cover of bermuda grass (Cynodon
dactylon) and St. Augustine grass '(S_t_en_o_taphr_um
secundatum) . ~

Station 2. The park impoundment has several
live oak trees scattered around its periphery.
Several of th_ese, espec;ally those on the south
and southeast edges, appear to be dying. This
condition appears to have been extant for at least
several years and is not attributable to the
recently initiated discharge. The most severely
affected trees occur in the level park area south
of the impoundment. This area maintains a lawn-
type ground cover of low grasses and associated
weedy forbs. The lake periphery supports a nar-
row, dense stand of taller weeds, especially sump-
weed (Ila_f_m_t_es_g_en_s), false ragweed (Rar-—
thenium hysterophorus), fiddle dock (Rumex
pulcher), johnson grass, giant and western rag-
weed and aster (Aster subulatus). Emergent
macrophytes are restricted to several small colo-
nies of common cat-tail ('Qgghg__laju_fglm) and
knot-weeds (.?_Q_lyg_g_nnm_spg._). '

Station 3. The c1ty park impoundment dlscharges
‘through a concrete spillway and raceway terminated
by a three meter fall. At the base of this fall
‘the stream enters a flat open area containing
: scattered bottom land trees. These include pecan
(Carya illinoininsis), overcup oak (Quercus
- J.y_:_a_ta)/ 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 exits the
park area and enters a shallow slough containing
numerous dead sugarberry trees (Celtis laevi-
gata) and elms.

McCullough Slough

Two stations were located on the drainage channel below
Marlin City Park. This channel appears to have been straightened
and adjacent woody vegetation removed.

Station 4. The stream passes through a well-
formed channel containing no woody vegetation.
Associated vegetation consists of weedy forbes and
grasses found at stations 2 and 3. The channel is
appréximately 25 meters wide and 6 meters below
the adjacent lands. Southeast of the channel
occurs a forest dominated by sugarberry and ceder
elm, undisturbed portions of which appear to
contain isolated pecan trees and water tolerant
hardwoods. Large areas have been cleared north of
the channel and an extensive pecan. orchard occurs
south of this station.

Station 5. This station consists of a main-
tained channel adjacent to a county park located
at the existing falls on the Brazos River. An
adjacent forest is permitted to encroach on the
channel and developed camping areas and trails
occur along the adjacent upland area. This sta-
tion is characterized by an open woodland of eim,
live oak and sugarberry. Shrubs and weédy forbs
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and dgrasses are controlled and groundcover con~-
sists of scattered low grasses and forbs. The
shallow stream flows over a thin bedded sandstone
and little vegetation occurs in the channel cen~
ter. .

Et . s v‘

The vegetative communities associated with water re-
sources receiving the spent geothermal fluids are typical of
disturbed portions‘of this region. The channelization of the
affected stream below Marlin City Park, and the maintenance of
that park- ‘and the downstream county park prevent the occurrence
of significantly natural communities.

36.4 Conclusions

‘The comparison of the data collected during the
monitoring' study to the expected environmental effects of the
discharge of the spent geothermal fluids is discussed below.
As expected, water quality parameters indicate that the discharge

‘has- increased the concentrations of TDS in the 'lake and waters

1mmediately downstream.

, ‘Figure 36-6 illustrates predicted TDS concentrations in
the lake arising from the discharge of the spent geothermal
fluids [Radian 19791, Superimposed upon this figure are the four
TDS data points collected during the monitoring study. The four

TDS data points were 1nstantaneous grab samples while the plotted
*curves represent predicted monthly average concentrations.

The modeled concentrations were based on a much larger
diluting body (5 acres x 5 ft versus 2 acres x 2 ft) and also a
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‘larger discharge (200 gpm max versus 55 gpm avg.). The actual

lake concentrations are probably more sensitive to prec;pxtatzon
than modeled since it is smaller than originally thought, This
sensitivity is apparent from the July 1982 data point in that
this sample was taken after an extended dry period during which
both the absence of diluting rainfall and the‘ccrresponding solar
evaporation tended to increase this cchentration. NeverthelesS,
this comparison indicates that the lake concentration of TDS is
in the same range as that which was predicted. |

: Comparing the July 1982 data (from Table 36 5) for City
Park Lake to that reported for the lake outlet in August, 1979
(from Table 36-1) shows an 1ncrease in TDS of 159 percent (from

1110 mg/1 to 2880 mg/l) in the lake. Using conduct1v1ty (from

Tables 36-7, 36-8, 36-9, 36-10) for comparison 1n Bean Branch,
the increase between upstream and downstream stations was
approximately 100 percent during'the spring and winter. Fall and
summer samples show an apparent decrease in conductlvzty from
upstream to downstream, . 'I'h:.s was likely an art:.fact of the
extremely low flow ccnditions in Bean Branch that al;owed mixing
in the vicinity of the confluence rather than an indication that
there were upstream sources of conductivity. Using the ratio of
conductivity to TDS discussed in Section 36.3.1, an estimate‘of
the comparison between McCullough SIOUgh inA August 1979 and
McCullough Slough in July 1982 shows that the conductivity (or
TDS) has increased by 32 percent. The effect on the'Brazos River
was not significant. | B |

Since the T—H-s dlscharge is causing no 31gnificant

'change in the water quallty of the Brazos River,}it is deduced
that there is no impact on the river's vbiota, - Although, as
‘expected, the upstream TDS levels (in Bean Branch and McCullough

Slough) have increased, any impacts are difficult. to dlscern due
to other exten51ve ‘manmade perturbations. However, no apparent
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impacts to the biota in these waterways were observed or analyzed
during the monitoring.

The impact of the chemical changes on the biota in City
Park Lake is difficult to discern in the absence of baseline
biological data. City Park Lake has a number of indicators of a .
stressed‘aquatic‘enVigonment (low diversiﬁy of fish species, lack
of emergent vegetation, absence of hmhthic,organiémé); ‘These
responses are often representative of some type of toxic
response. In addition, the microflora in the lake are indicative
of both saline and organically loaded (sewage) aquatic

environments. Without adequate brefdischarge' (baseline)
infdrmation, the st:essed‘condition‘of City Park Lake can not be
sufficiently linked to a particular activity. Conclusions

concerning potential impacts from the discharged T-H-S Hospital
geothermal fluids would therefore be entirely speculative. For
future geothermal projects proposing surface discharge, it is
strongly recommended that biological sampling be included in
preoperationel studies so that causal factors for potential
stresses can be determined. |
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APPENDIX A: WELL DATA

Pérmit to Drill (TRé)

‘Drilling Plan
Drillers Log
iEluid Analyses (DST/Pump Test)

Pump Test Data
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Logging
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seration indicated, when carried out at that point which you have represented to be the location of the above designated Well, complies as of
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DRILLING PLAN

T-H-S GEOTHERMAL WELL NO.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 w111 be as shown on the attached drawing
number 1.

A 9- 7/8" hole will be drilled to approximately 2900 feet. At
this p01nt 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 approxlmately 3400 feet.

An induction, micro density and gamma ray den51ty log will be
made of the hole. A DST will be made in the Travis Peak.

All drilling w111 be by stralght mud rotary. If all tests
. prove satlsfactory, the well w1ll be completed according to diagram

number 2.

Drill cutting samples will be obtained, on 20 foot intervals,
washed, sacked and stored at the site.

DRILLING FLUIDS:

Drllllng mud will be used to total depth and until completion
of the well. From surface to 2000 feet mud will be composed of
natural mud and Quick-gel with a we;ght of 9.5 to 9.8%/gal., viscosity
.of 34-36 and water loss of 10-20 cc in 30 minutes. From 2000 to
3100 feet mud- weight of 9.5 to 9. 8#/gal., viscosity of 34 to 38 and
water loss of 5 to 12 cc in 30 minutes. CMC will be added as needed.
During drilling of anhydrite sections between 2200 and 2800 feet,
the mud may need condltlonlng w1th Super-treat several times.

DRILL STEM TESTING PROGRAM

_ 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. The water tempera-
ture at the surface will be’ measured as well as shut-in-pressure.
Instruments in the tool w111'measure bcttom hole temperature and

pressure.
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PAGE 2
DRILLING PLAN
T-H~-S GEOTHERMAL WELL NO.1l

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" 0.D. J-55 23#/ft. casing will be set to the top
of the Travis Peak estimated at 3100 feet. - The casing will be cement-
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. Cementing will be by Dowell or Hali-
burton. : ‘

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. The casing will be capped with a
valve on completion of the well which will allow the well to flow

when desired.

DRILLING OPERATIONS SEQUENCE:

1. Move in drilling rig and set up.

2. Construct pits.

3. 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.

4. Drill 7-7/8" hole to 3100 feet or near base of Glen Rose.
Cutting samples each 20 feet.

5. Make drill stem test of Glen Rose, determine hydrostatlc
head, water temperature and quality.

6. Continue 7-7/8" hole to 3400 feet. Cutting samples each
20 feet.

7. Run GO International or Schlumberger induction, micro
density and gamma density logs. Determine from logs the
interval to make next DST.

8. Run DST obtaining water quality, temperature and pressures.

9. Ream 11" hole to 3100 feet.

10. Set 3100 feet of 7" 0.D. casing and cement to surface.
11. Wait on cement 24 hours. Drill plug and clean out hole to
- 3400 feet.
12. Set 200 feet of 5" mill-slotted screen and 100 feet of blank
liner.
13. Develop well by agitating and washing.
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PAGE 3
DRILLING PLAN
T-H-S GEOTHERMAL WELL NO.1

DRILLING OPERATIONS SEQUENCE-CONTINUED:

14. Set pump and pump for 24 hours at rate of 200t gpm. Mea-
sure discharge rate, water level, water temperature at
least each 30 minutes.

15. Pull pump and cap well.
16. Move rig from site and clean up.
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LAYNE TEXAS COMPANY,

REPORT NO.

s.o0. 1202-8527

HOUSTON -t~ DALLAS pace 1 of 2
FILENO., 3934 -
WELL LOG patz  6-13-79
Cl_JSTOMER LOCATION WELL DATA
ror  T.H, S. Memorial Hospital . NAME WeLL weLL No. 1
' ELevation 400! DATUM
Location werr. East Parking lot at 322 Colman St. RT c GR

Marlin, Texas

TEST MOLE 51269-7 /8"+7 3 /8"

SURVEY FIELD DATE STARTED DRILLING 4-=17-79
DATE FINISHED DRILLING 6— =79
county Falls stare  Texas oriLLerL, S, Luthringemc No. 4
. Tvee muoGel~Cellex No. sacks 260 v
OTHER LAND MARKS ELECTRIC Loc Yes TYPE Schlumberger
o survey Eastman Tyre Single Shot
OTHER
DREPTH EACH " SAMPLES .
EYRATA STRATUM DESCRIPTION FORMATION — e —
.0 Surface
S 2! 2! Surface Soil
17! 15! Crey & Red Clay
21! 4! Sand
236" 15" Gray Clay
63! 27! Blue & Grey Clay
162° 99’ Blue Shale
169" 7! Gray Shale
197! 28! Soft Black Shale
320" 123! Gray Shale
378! 58" Gray Shale & Gravel Stks,
408" 30’ Gray Shale & Sand Stks.
673" 265" Gray Shale & Black Shale
900" 227" Gray Shale
952! 52! Gray Shale W/Sand Stks.
968" 16’ Gray Shale
1168" 200" Hard Black Shale
1201" 33! Limestone
1252 51" Lime & Shale Stks,
1270°' 18! Blue Shale W/Sand Stks.
1397° 127! Lime & Shale
1404 7 Hard Shale
1492, 88! Black Shale W/Lime & Gravel Stks.
1500' 8! Black Sand '
1568" 68! Black Shale
1585" 17! Lime W/Black Shale Stks.
1621° 36" Black Shale W/Lime Stks.,
1655" 34! Lime Stone W/Shale Stks.
1670? 15! Black Shale W/Lime Stks.
1753" 83! Lime & Shale
1798* 45" Shale & Lime
1841! 43! Lime & Shale
1896 55! Shale & Lime
2042 146" Lime & Shale
2124 82! Gray Shale & Lime Stks.
2195 71 Lime, Gray & Black Shale
2260 65" Shale & Lime
2336" 76" Lime & Shale
2372! 36' Blue & Gray Shale
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‘ REPORT NO,
LAYNE TEXAS COMPANY, s.o. 1202-8527
HOUSTON -- DALLAS race 2 .of 2
7 : riLeno. 3934
~ WELL LOG oare 6-13-79
CUSTOMER LQCAT!ON WELL DATA
ror T.H.,S. Memorial Hospital NAME WELL WELL No.
S . - ' :L;VAnon  DATUM
LOCATION WELL RT c GR
TEST MOLE SIZE To0

SURVEY FIELD DATE STARTED DRILLING
DATE FINISHED DRILLING
COUNTY STATE DRILLER RIG NO,
: TYPE lﬂ._lD NO. SACKS
OTHER LAND MARKS ELECTRIC LOG TYPE
SURVEY TYPE
OTHER -
. DEPTM EACH SAMPLES
SYRATA srmATUM DESCRIPTION FORMATION — — perryP—
12384 12¢ Blue Shale & Sand Stks.
12404 20! Lime Stone '
:2414° 10* Lime & Shale
:2489" 75 Shale & Lime
:2510' 21" {Lime & Shale Stks,
12529 19! Shale W/Lime & Sand Stks.
2630° 101'  |Lime & Shale
2647! 17! Shale & Lime Stks.
2724 77 Lime & Shale W/Sand Stks.
‘2861" 137! Black Shale W/Lime Stks,
-2873! 12! Soft Lime & Shale Stks,
-2905°* 32! Shale & Hard Lime
.3023! 118! Lime & Shale
3052' | 29 Soft Lime & Shale
3108! . 56! Lime & Shale
3122' 14" Lime, Shale & Sand Lyrs.
3133" 11 Hard Lime & Shale
3170 37 '|Black Shale & Lime
3206 36! Soft Sandy Shale
3276' 70! Shale, Lime & Sand Stks.
3305' 29 Shale & Sand Lyrs.
3318' 13" Hard Gray Shale & Lime -
3388" 70" Sandy Lime W/Black & Gray Shale Stks
3407Y 19 CGrey Shale
3438! 31’ Pink Shale W/Lime & Sand Lyrs.
3493 55" Sandy Lime & Black Shale Lyrs.
3562 69 Sand, Sandstone & Shale Lyrs.
3604" 42° Sandstone & Shale, Red & Black
‘36121 8! Shale & Sandy Lime ‘
. 3618" 6" sandstone W/Red & Black Shale
3620" 2! Sand Rock ,
3639 19° Sandstone, Red & Black Shale
3688° 49°' Red} Black Shale W/Sandstone Lyrs,
3705 17" ‘IRed, Black, White Shale W/Very Hard Lyrs.
3879! 1741 Sand & Sandstone w/Shale Stks.
3885" - 6' - |shale
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EDNA WOOD LABORATORIES, INC.

WATER TECHNOLOGISTS . . CHEMISTS . . MICROBIOLOGISTS 19 June 1979

To: Layne Texas Company ’ ;
P. 0. Box 9469 ,
Houston, Texas 77011 : $0 #1102-8527

Sample marked: THS Memorial Hosp., Marlin, Texas -.Sample taken from Drill Pipe.
Packer at 3615'. Screened: 3620! - 3705!, :

Received: 6-18-79. Turbid sample, filtered for analysis.

.WATER ANALYSIS

results in parts per million (mg/1) except as noted

Dissolved Residue at 350°C *3,492 Conductance, micromhos/cm, 25°C 4,040

Total Dissolved Solids, actualt *3,605 Color, units " . | 25

Total Dissolved Solids, cale. 3,492 Turbidity, bunifs 105

Silica $i0, 31 As Calcium Carbonate, CaCOj3:

Calcium Ca 268 Phenolphthalein Alkalinity 0

Magnesium Mg 37 Total Alkalinity 182

Sodium.(diff.) Na + Kas  Na 765 Total Hardness 820

Carbonate CO; 0 Free Carbon Dioxide €0, » 2_0

Bicarbonate HCO; 222 PH... 7.25

Suifate SO, 2,054 HYPOTHETICAL COMBINATIONS

. A Calcium Bicarbonate - ' 295

Chloride d 11 Calcium Sulfate . 663

Magnesium Sulfate 181
i .0 gnes|

Total Fluoride F 10 | Sodiun Sultrte 2,132

Sodiun Chloride 188
. 0.1 ] ] .

Total Nitrate NO, <01 | sodium Fluoride | 2

Total Manganese Mn 0.55| Sillca 'i

Total Iron rel 5.5 | Total Dissolved Solids, Calc. 3,492

Iron, filtered sample Fe < 0.05

*Includes organic matter

Hotal Dissolved Solids, actual = Dissolved Residue + 50.8% of bicarbonate (HCO:) ion

- EDNA WOOD LABORATORIES, INC.

5127 214 Gooni £lhuctr.,
om By: Edna Wood - (-




- EDNA WOOD LABORATORIES, INC.

WATIR 'l’!CHNOI-OéIS‘I‘l « « CHEMISTS . . MICROBIOLOGISTS

7 August 1979

") To: : Layné Texas Company
P. 0. Box 969 v ' '
Houston, Texas 77011 ~- S0 #1202-8527

Sample marked: T.H.S; Memqifial Hospital. Taken: 7-28-79 after 23 hrs. pumping
R at 307 gpm. 10 min. static head: +14.86', Pumping level: 198!,
Screened: 3615' ~ 3882', H,0 Temp. 152.6°F.

Received: 8-3-79, Turbid sampl‘e‘;‘ filtered for analysis.

WATER "ANALYSIS

resulh in pam per million (mg/1) except as nofed

Dissolved Residue at 350°C‘ o ‘*38.40 : Conductance, micromhos/cm, 25°C 3930
Total Dissolved Solids, actualt | #3925 | Color, wnits 3
Total Dissolved Solids, cale. 3680 . Turbidity, units 6
silica sio,| 40 As Calcium Carbonate, CaCO3:
Calcium . : Ca 278 - . Pheﬁolphihulefn Alkalinity 0
Mu‘bnesium . o Mg 35 . TYotal Alkalinity 138
Sodium (diff.) Na +Kas  Na 815 : , Total Hardness 840
Cdfbbnaﬁ ~ Y oo 0 7 | Free Carbon Dioxide R « o 13
Bicarbonate - HCO;| - 168 ﬁH cow 1,33
Sulfate ' sO;| 2256 HYPOTHETICAL COMBINATIONS
| — g | calcium Bicarbonate 223
| Chloride af 57 | calcium sulfate 757
; . el 0.8 Magnesium Sulfate 175
; Votel Fluoride . ¢ . Sodium Sulfate ' 2340
: L <0.1 Sodium Chloride 143
Votal N'm“_’ NO, Sodium Fluoride C2
Total Manganese Mn ' ‘ 0.05 Silica , -ﬂ
| Yotal Iron Fe 1.8 | Total Dissolved Solids, Calc, 3680
; Tron, filtered sample fe . 0.14
3 *Sample hygroscopic; gains
weight on balance ~ -
includes organlc matter.

'l"To!al Dissolved Solids, actual = Dissclved Residue + 50.8% of bicarbonate (HCOs) ion
EDNA WOOD LABORATORIES, INC.

~ 5544 ' By: gdn‘ Lt
‘.J pm - cc: Mr. Joe Dillard - Dalks, Texas 75228 ¥ Edna Wood
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LAYNE TEXAS COMPANY

REPORT NO.

s. o, 1202-8527

. pace 1 of 2
- HOUSTON o DALLAS FiLeno. 3934
. WATER WELL TEST oate  7-27-79
CUSTOMER LOCATION k WELL DATA
. NAME WELL WwELL No. 1
vest ror  T.H.S. Memorial Hospital - o
zrevaTion 391.50' DATUM
LocATIiON oF went. 322 Coleman St. . ' :
wewe size 10-3/4" x  8-5/8" x 54"

SURVEY FIELD
start  Texas

East side of T.H.S.
Memorial Hospital

Falls

COUNTY

DESCRIPTION OF LAND MARKS

' WATER CONDITION

3885

craver wett. No

Tor screxN 3613'-388B!
STRAIGHT WELL Yeg

3/32"

TOTAL DEPTH

GAGE
156°F
Clear

vree screen Mill Slot

TEMPERATURE OF WATER

WATER MEASURING DEVICE

TEST PUMP DATA'V

oririck sizx 6" x 4"

LENGTH

DEPTH SETTING TOP OF mowt 2007

FOR CWNER

OTHIR LENGTH AIR LINE 200" size L0
- TYPE BOWL . NO. STAGES 10
LENGTH BOWL SUCTION LY.
SAND CONTENT OZ. PER 100 GAL. WATER BAMPLE TAKEN Yes NO.-sAMPLES 1
ACTIVE STATIC HEAD AF‘TER PUMP STOPPED BACTERIOLOGICAL SAMPLE TAKEN
B MIN. T, 20 MIN. rr. DRAWDOWN .SPECIFIC CAPACITY.
10 MIN. rT. 25 MIN. FT.
18 MIN. FY. 30 MIN. rT.
2a7e | Amue | ryueine | pisen. | SRimcE | cew new | orerator REMARKS
7-27-79 _
1:45 PM Pump On +14.85
2:45 150! 15.5
3:00 157 15
3:30 190° 24 Speeded {Pump Up
3:45 194" 24
4:00 195" 24
4:30 196" 23.5
5:00 196" 23.5
5:30 196" 23.5
6:00 196" 23.5
6:30 196°* 23.5
~7:00 196" 23.5
7:30 196° 23.5
8:00 196" 23.5
8330 196" 23.5
9:00 196’ 23.5
9:30 196" 23.5
10:00 196! 23.5
10:30 196" 23.5
11:00 196" 23.5
11:30 196! 23.5
12:00 196" 23.5
12:30 AM | 7-28-79 196" 23.5
1:00 196' - : 23.5
1:30 198" 23.5
_2:00 198" 123 8§
OBSERVERS 216
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T,H;S.vMémorial Hospital - -

S.0. 1202-8527
File No. 3934
Page 2 of 2
Date 7-27-79

3&";5 “'EA‘é':‘V "‘c"":,'::‘; - Biscw ?Eagg crM Lid OPERATOR REMAANS
2:30 198' 23,5
"3:00 198' 23.5
3:30 198 23.5
4:00 B 198' - 23.5
4:30 198! 23.5
5:00 198! 23.5
5:30 198" - 23.5
6:00 198’ 23.5
6:30 198! 23.5
7300 198" -23.5 - 307
7:30 "198% 23.5 307
§:00 -198' 23.5 307
8§:30 | - 198* - 23,5 307
9:00 | 198' 23.5 | 307
~9¢30 - 198" - 23.5 307
10:00 198' 23.5 307
10:30 198" 23.5 307
11:00 ‘198" 23.5 307
11:30 198' 23,5 307
12:00 198! 23.5 307 _ d
12:30 PM 198" 23.5 307 Eemp,;ggﬁrjz\ _
1:00 198" 23.5 307 1853°F
1:30 198! 23.5 | 307 L L
1:45 198" 23.5 307 Pump Off
RECOVERYI’
1:46 96"
1:47 56'
1:48 34!
1:49 21°
1:50 15
1:51 (AN
I:52 U Fldwing
Well wi}l flow 73 to 80 GHM A
Shut in]Static Lgqvel 14.8]' above [G.L.

OSBSERVERS
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LAYNE TEXAS COM PANY

REPORT NO..

s o 1202-8527

. HOUSTON - . DALLAS ot 953
o - "WATER WELL TEST ©  oare  7-30-79
CUSTOMER LOCATlON L WELL DATA
~vesr yon T.H.S. Hospital NAME WELL WELL NO.
LocarTion or wewt 322 Coleman St, , Marlin FLEVATION pATUM
L : o WELL 8IZK x x
SURVEY new . ' .
TOTAL DEPTH - Yo# SCREEN .

COUNTY Fal.'l_.s stare  Texas

. DESBCRIPTION OF LANG MARKS

GRAVEL WELL -

STRAIGHT WELL

TP scRzxn GAGE
‘ nuitnkmat or waTER
L —— —— 1 w:unncouomon
- WATER MEASURING DEVICE - - R TEST PUMP DATA
GORIFICE 81K ’ uﬂﬁi’ﬂ ’ ! 'D!"K smmc TOPOT BOWL .
OTHER LENGTH AIR LINE size
. TYPE BOWL _NO. STAGES
A LENGTH BOWL BUCTION LT.
'SAND CONTENT - ©Z. PER 100 GAL. ' WATER SAMPLE TAKEN No. SAMPLES
ACTIVE STATIC HEAD AFTER PUMP STOPPED 'BACTERIOLOGICAL SAMPLE TAK!N '
B M. rr. 20 MIN. rr. DRAWOOWN ‘SPEGIFIC CAPACITY
CIOMING FT.  2mNIN, rv. :
1IsMIN. . FT / aoum T,
oy | mmae "t'.':::° ,9#&%2: Gane | o | e [oremron | mmuane
7-31-79 | Injectfion in old well vith Halliﬁur;t.dn
23 Min. € 21 gpm @ 175 PSE
1 Hr. 50{Min. @ 1D gpm @ k75 PSI
7-30-79 |Injectich in new |well with Halliburton
12 Min, @ 231.66 FPM @ 20q PSI anj up to 240 PSI slpwed pump|down
10 Min. @ 168.48 EPM @ 204 PSI and up to 240 PSI
33 Min, @ 147.42 GPM @ 22( PSI
10 Min. ¢ 126.36 $PM @ 34( PSI
OBSERVERS 218
- FoR owNER FOR LAYNE TEXAS CO..
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| La;‘yne Texas Gompahy

- Box 9469, Houston, Texas 77011 « (713)928-5741

June 25, 1979

Re: T.H.S. Memorial Hospital
Marlin, Texas
S$.0. 1202-8527
Well #1

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 Deg. Min, -Dépth Deg. Min.

30' 000  15°' 1500' 000 15'

60" 00° 15 ©1600' 00°  30'
100" 000 = 10' | | 1700'  00° 10!
200' 00 10" ' - 1800' 00° . 10"
300" oog 10" 1900° oog 05'
400' 00 10" . | 2000' 00 10"
500' 00°  05' : 2100' 00°  10°
600" oog 10" : 2200°' oog 10"
700' 000 40° | 2300' 007 10’
800' 00 45" _ 2400' 00 10"
900" oo: 30" 2500" oog 10"
1000’ 000 20 : 2600' 007 10
1100°' 00 15! 2700" 00 05!
1200'  00°  15' ; 2800' 00°  10'
1300'  00°  15° ' 2900' 00° 05
1400* - 00°  10' : - 3000" 00°  10'

LAYNE TEXAS COMPANY

C. D. Amy
CDA/tm
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Log

Electric

Induction Electric
Lateral Log
Microlog

SP

Gamma

Gamma Gamma
Caliper
Directional

Temperature

Logging*

Depth Interval (ft)
0-3885
0-3885
0-3885
0-3885
0-3885
3386-3885
0-3885
0-3885
30-3000
3386-3885

*Individual logs are on file with 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 in this Appendix are copies of the following

o DOE Finding of No Significant Impact (FNSI)

N Texaé Railroad Commission (TRC) discharge
permit for Exception to Statewide Rule No. 8
(SWR8)

e  Texas Air Control Board (TACB) Permit
Exemption

° EPA New Source Determination

° EPA NPDES Permit Determination

° Texas Department of Health Construction
Approval '

221




Department of Energy

Washington, D.C. 20585
- AUG 8 482

MEMORAKDUM FOR RUTH M. DAVIS

ASSISTANT SECRETA FOR RESOURCE APPLICATIONS

FROM: RUTH C. CLUSEN . t &4—'-44

ASSISTANT SECRETARY FOR ENVIRONMENT

SUBJECT: ENVIRONMENTAL ASSESSMENT, DOE/EA-0117,
GEOTHERMAL ENERGY, DIRECT HEAT APPLICATIONS
PROGRAM, TORBETT-HUTCHINGS-SMITH MEMORIAL
HOSPITAL, MARLIN, FALLS COUNTY, TEXAS
(JULY 1980) AND FINDING OF NO SIGNIFICANT
IMPACT

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 20694), 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 Quality regulations, placed in
appropriate Department of Energy locations for public inspec-
tion, and Gistributed to Federal, state, and local agencies as
well as to other parties who have expressed an interest in the
proposed action. Please provide us with a listing of those to
whom these documents were provided so that we may have a
record of our public involvement efforts.

Attachments

Office of‘t?e Gén ral Counsel
/// et P n,(/ /\ Date ijg['

Nonconcur / Date

A

Concur g\
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Finding of No Significant Impact
Geothermal mérgy
Direct Heat Applications Program

Torbett-Hutchings-Smith Memorial Hospital
Marlin, Falls County, Texas

The Departient of Energy has prepared an environmental assessment,
DOE/EA-0117, for a kproposed action to jointly fund the retrofitting of
the Torbett-Hutchings-Smith Memorial Hospital heating and hot water
system to use low-temperature geothennél fluid as a supplementai
energy source. The proposed site for the geothermal well is in‘ a
parking lot adjacent to, and owned by the hospital in downtown Marlin,

Texas.

A solicitation for proposals for the joint funding of geothermal
direct heat application projects was issued by the former Energy
Research and Development Agency in the summer of 1977. Twenty-two
responses were received and evaluated using established criteria for
their ability to meet the geothermal direct heat applications program
objectives. This project was one of the eight considered to meet the

program objectives and selected for further contract negotiations.

The existing system at the Torbett-Hutchings-Smith Memorial Bospltal
uses natural gas-fired boilers to produce steam which, in turn, passes
through heat exchangers into hot water storagé tanks.  These tanks are
thermostatically c?ntrolled for space heating application, and ad_ditional
heat exchangers are used to heat the water for laundry and dishwashing

applications.
‘ 224




- 2
The new system utilizes a geothermal well southeast of the boiler
roam, a settling tank for the geothenral fluid, and associated pumps,
piping, heat exchangers, and controls. A heating demand in the
hospital will result in 65°C (150°F) geothermal fluid flowing through
new heat exchangers in the neating system prior to circulating through
the existing heat exchangers of the hospital heating system. In this
way the geothermal system acts as either preheat, supplemental heat, '
or replacement neat for the existing system, dependino on the heating
demand and desired mode of operation. q:eration is automatically |
regulated by the temperature of the water going into the hospital to
maintain a 54°C (130°F) output temperature to the building. The
geothermal system will provide preheat only. for the domestic hot water
sys.tem and is expected to 'displace 85% of‘the hospital 's current _
natural gas consumption.  The estimated annual savings is about 10.5 x

106 cubic feet of natural,gas.

The env:.ronmental issues related to direct heat applications were
identified and evaluated in an enviromental assessment prepared by

the former E.‘nergy Research and Development Admmlstration (ERDA/EI®/
GE/77—2, Bydrothermal Subprogram, March 1977). ‘lhese included water
use, surface and groundwater oontamination, and noise. These and

other potential site specific envirom\ental issues associated with
this project were analyzed for the well drilling, pipeli.ne oonstructxon,
heating system modification, and fluid disposal aspects of the pro;ect.
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3
A well was drilled to a depth of approximately 1040 m (3400 ft) using
conventional mud rotary drilling methods. It was necessary to drill
the well prior to campletion of this envirormental assessment in order
to obtain fluids for analysis to assess the envirommental effects of

fluid disposal.

After drilling, the well was production-tested for 48 hours; during
which time a total flow of approximately 2.3 x 106 liters (6.0 x

10° gal) of geothermal fluid was produced. The Texas Railroad
Commission granted the hospital a special temporary permit to discharge
the produced geothermal fluid directly into the éity storm sewer which

discharges to a small pond in the city park in southwest Marlin.

For the actual operation of the retrofit system, the applicant identified
five alternative methods of fluid disposal: (1) discharge into the

city storm sewer, (2) pretreatment of the fluid, followed by release

of the treated effluent into the city's entrapment lakes, where it

would become part of the city's water supply, (4) discharge into the
city's sanitary sewers, (5) subsurface injection. These alternatives
were evaluated on the basis of econamics, technical feasibility,

and envirémental effects. Alternative 1 was preferred, and the
applicant applied to the Texas Railroad Cammission for a surfacrae- _

- discharge permit. The Commission determined that surface disposal was

environmentally acceptable and granted the permit. Accordingly, the
spent geothermal £luid will be discharged into the city stom sewer
vhich empties into City Park Lake, which empties into Bean Branch and
McCullough Slough, which eventually flow into the Brazos River.
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The prooosed activities could result in some minor impacts; however,’

these are not considered significant for the following reasons:

The low withdrawal rate (200 gallons per minute) and the
location of the producing formations are below well-consolidated
rock, reducing the possibility of subsidence and seismic

activity during operation.

No significant effects on water quality in the project area

were noticed during flow testing, or are expected during
ocperation. Geothermal fluid will be disposed of‘by discharging
it into the Marlin City storm sewer. Surface disposal activities
will be conducted in accordance with the Texas Railroad
Cammission discharge permit; vhich requires that discharged
geothermal resource waters be monitored and meet appropriate
Texas Water Development ‘Board/EPA-approved water quality
standards at all times.

Park Lake will be chemically degraded by surface discharge of
geothermal water; however, the environmental effect of this
degradation is of no cohsequence since ‘Park\_ Lake is designed
as a catchment basiri and no aquat;ic iife is delir.berratjejlvyri ‘
maintained in it. |

Air quality impacts resdli:ing fram construction activities
were slight and brief and not detectable over those for the
wban setting of the site.

Bydrogen sulfide emissions should not occur during operation

since there will be no flashing or venting of gases.
227




® There are no impacts expected fram noise during operation
because there will be no flashingv or venting.

° There will be no change in current land use practices.

° There will be no negative i:rpact on water use. The municipal
water supply was adequate to meet vneéds dufing the consti:uction
phase,- and no water will be required for the geothermal system
during thé operationa; phase.

° No h:.storical gites or natural landmarks would be affected by
the progect. '

Alternatives considered in the environmental assessment include
abandoni.ng the progect, delaying the project; or moving to another

location,

Single copies of the environmental assessment, DOE/EA-0l17, are

available fram:

Mr. Robert Oliver
Division of Geothermal Energy
Office of the Assistant Secretary
- for Resource Applications :

~ U.S. Department of’ Energy
Mail Stop 3344, FED
Washington, D.C. 26583 R0%6!
(202) 6€33-8755 ‘
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For further information about the envirommental assessment contact:

-~/

Mr. Fo A. Leone

NEPA Affairs Division

Office of Environmental Compliance

~ and Overview

Office of the Assistant Secretary
for Envirorment

Roam 4G-064, E’omestal Building

1000 Indepéndence Avenue, SW -

Washington, DC 20585 -

(202) 252—4610

s g[q/ga

C. Clusen = —
Assistant Secretary
- for Enviromment
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RATLROAD COMMISSION OF TEXAS

IGEH ¥ POERNER, Fhairmay
HAALES €. [JiM) KUCINT. Conmissioner
MACK WALLACE, Somrassionar

GIL AND GAS DIVISIGH
) BCB R. HARKIS, PE.
Birector
1. C. HIRRING, P E.
Assistant Dirsc*ar

1124 S. 1+ 3% L4 CA

PITOL STATION - P. O. DRAWER 12967 [ ] AUSTIN, TEXAS 7871:

J. D. Norris, Jr.

March “17, 1980

Torbett-Hutchings-Smith Memorial Hospital

322 Coleman St.
Marlin, TX 76661

Gentlemen:

At a formal conference hel
application of Torbett~Hut
posal of geothermal water

Re: DOCKET NO. 5-74,042
Disposal of Geothermal
Discharge Water
Falls County, Texas

d March 17, 1980, the Commission approved the
chings-Smith Memorial Hospital for surface dis-
from the T-H~S Well No. 1.

A formal order is attached.

WCS:bs

cc:  RRC-Kilgore
Proration - 5
Phillip R. Russell
Jack Welch
Mike McCleskey

Yours very truly,

Willis C. Steed
Senior Staff Engineer
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RALLEOAD Ginf1SSTON OF TEXAS
OIL AND GAS DIVISION

GTL AND Gas BUCKET
;1-J NO. 5-74,042 FALLS COUNTY, TEXAS

FINAL ORDER
APPROVING ‘THE APPLICATION OF TORBETT-HUTCHINGS-SMITH MEMORIAL
HOSPITAL FOR SURFACE DISFOSAL OF GEOTHERMAL
DISCHARGE WATER
IN FALLS COUNTY, TEXAS

The ‘Commission finds that, after statutory notice in the above-numbered
docket, heard on Kovember 13, 1979, the presiding examiners have made and filed
a report and propozal for decision containing findings of fact and conclusions
of law, for which service was waived by parties of record; that the proposed
application is in complionce with all statutory requirements; and that this
proceeding was duly suvbmitted to the Railroad Commission of Texas at conference
held in its offices in Austin, Texas.

The Commission, after review and due consideration of the proposal for
decision, the findings of fact and conclusions of law ccntained therein, hereby
adopts as its own the findings of fact and conclusions of law contained therein,
and incorporates said findings of fact and conclusions of law as if fully set
out ‘and separately stated herein.

Therefove, it is ordered by the Railroad Commission of Texas that effective
March 17 , 19 80 ', the application of Torbett-Hutchings~"
Smith Memorial Hospital, City of Marlin, Falls County, Texas for an exception to
Statewide Rule 8 (c) (1) (C) be and is hereby approved. This exception will
permit the discharge of geothermal resource waters into the Brazos River and is
: subject to the condition that at all times discharged geothermal resource waters
; will -comply with the water quality standatds establtshed by the Texas Water
i Development Board or 1ts successox. : .

Done this 17th - day.of ““March - ;. 1980 .

~ RAILROAD COMMISSION OF TEXAS

COMMISSIONER

‘_) ATTEST;

&“@WJ /R

SecrcARry cows .




TERAS AR CONTROL BOARD

6330 H'W'Y. 290 EAST
AUSTIN, TEXAS 78723
512;’451-5711

JOHN L. BLAIR
Chairman

CHARLES R. JAYNES
Vice Chairman

WILLIAM N. ALLAN
VITTORIO K. ARGENTO, P. E.
FRED HARTMAN

0. JACK KILIAN, M. D.

O0TTO R. KUNZE,Ph. D, P. E.
FRANK H. LEWIS

BILL STEWART, P. E. ‘
, WILLIAM D. PARISH

Executive Director

f
August 3, 1981 iF
a “/
$7 0, 4
; , L
Mr. J. D. Norris, Jr., Administrator BTV ,'K‘,”
TORBETT-HUTCHINGS-SMITH MEMORIAL RN
. HOSPITAL - , fi-

Post Office Box 60 .
Marlin, Texas 76661

Re: Permit Exemption X-2672
Geothermal Heating Facility
Marlin, Falls County

Dear Mr. Norris:

This is in response to Mr. Ronald Keeney's recent letter concerning the
proposed construction of a geothermal heating facility. We understand
that the emission of hydrogen sulfide to the atmosphere from the dis-
charged fluid will be less than 50 pounds per year.

Pursuant to Section 3.27(a) of the Texas Clean Air Act, I have deter-
mined to exempt your proposed facility from the permit procedures of
this Agency because it will not make a significant contribution of air
contaminants to the atmosphere if constructed and operated as described
in your letter. You are reminded that regardless of whether a construc-
tion permit is required, this facility must be in compliance with all
Rules and Regulations of the Texas Air Control Board at all times.

Thank you for providing the information necessary for our evaluation of
your proposal. If you have further questions concerning this exemption,
please contact Mrs. Tammy Meyer of our Permits Section.

Sincerely,
»/ Bil Stew/ar{ P.E.
v Executive Director

cc: Mr. Eugene Fulton, Regional Supervisor, Waco
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PUBLIC HOTICE
OF
DEC1 3 1380 KEW SOURCE DETERMINATION

Applicant: Torbett-Hutchings-Smith
, ‘ . Nemorial .llospital
P.O.- Box 60
322 Coleman Street.
o Marlin, Texas 76661
Proposed Facility: . R
supplement hospital's heat derived
from natural gas combustion with
keat derived from geothermal fluids

_Location: : v Marlin, Falls COGnty, Texas

This proposed facility will require a National Po11utant Discharge E11m1-
nation System (NPDES) permit to discharge wastewater to waters of the
United States. EPA has made an initial determination that. this facility
will not be 2 new source as defined in Section 306 of the Clean Water Act.
Consequently, the applicant will not be required to comply with 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 app]1caticn, this facility will
not be subject to envircnmental impact statement requirements and proce- -
dures. Any interested person may challenge EPA'5 initial determination
that the facility is not a new source by requesting an evidentiary hearing
under 40 CFR 122,53(h) within 30 days of the date of this public notice.
For further information, please contact.

Ms. Kathleen Robinson
‘Environmental Protection Agency
Administrative Branch (6AEP)
1201 Elm Street ’

First International Bu11d1ng
Dallas, Texas .75270
Phone: (214) 767-2765

,,7;3’ f/
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NPDES DETERMINATION

After considering the facts and the requirements and policies expressed in
Public Law 95-217 and implementing regulations, I have determined that

Permit No. TX0086321, Torbett-Hutchings-Smith, be issued and effective as
proposed in Public Notice dated March 14, 1981, subject to timely certifi-
catfon (or waivér thereof) by the state certifying agency, provided however,
that any condition(s) contésted in a request for an Evidentiary Hearing
submitted within 30 days from receipt of this determination as in

accordance with new 40 CFR 124.74 (45 Fed. Reg. 33498, May 19, 1980)

may be stayed if the request for a Hearing is granted.

Dated: = May 13, 1981

, t‘*"\-l‘“ l\\::J\
¢ Diana Duiton
-

Director
Enforcement Division (6AE)
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Permi No . TX0086321
.\‘pplnunuu N TXD08A321

AUTHORIZAT!O.\' TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

R compiién_ce with the provisions of the Federal Watﬁf Pollution Control Act, as amended,
(33 U.8.C. 1251 ct. seq; the “Act™), .
Torbett-Hutchings-Smith

Memorial Hospital
Mariin, Texas

is authonzed to dxscharge from a facility locnted at

322 Coleman Street
Marlin, Texas

to receiving waters named
Brazos River

in accordance w1th efﬂuent hmltatxons monitoring reqmromcnts and other conditions set forth
in Parts 1, I1, and I1I hereof. :

“This perm\t shall become effective on June 14 1931

This permit and the author)zatnon to discharge shall expire at mndmghl. June 13, 1986

Sign'_’ed this 13¢h day of May 1981

g’bmna Duti;:on ! %w‘w]

-~ Director
Enforcement Divi s1on (6AE)

EPA Form 3880-2 (2.74) REPLACES EPA FORM 332%=4 {10273 WHICH M4 / DE USED UNTIL SUFPLY 15 EXNAUSTED
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning effective date  and lasting through the date of expiration
the permittee is authorized to discharge from outfall(s) serial number(s) 001

‘Such discharges shall be limited and monitored by the permittee as specified below: .

Effluent Characteristic Discharge Limitalions Monitoring Requirements
kg/day (Ibs/day) Other Units (Specify) . .
Measurement Sample.
Daily Avg Daily Max Daily Avg Daily Max Frequency Type
Flow—m3/Day (MGD) N/A H/A N/A N/A 1/day - Estimate
0il and Grease N/A N/A N/A 15 ma/1 1/month . Grah:

coD N/A N/A N/A 209 ma/1 1/month Grab

The pH shall not be less than 6,0 standard:units nor greater than-9,.0 standard units and shall be monitored -
1/month by grab sample.-

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following location(s): -
At discharge point 001.

‘ON Mwi1ag
2 a3y
1148vd
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B. SCHEDULE OF COMPLLSNCE

PART |

Page 3 o 9
Permit No. TXNO8K321

1. The permittee shall achieve compliance with the effluent limitations specified for

dischartges in accordance with the following schedule:

None

requirement.. -

237

2. No later than 14 calendar days followmg a date identxﬁed in the above schedule of
compliance, the permittee shall submit either a report of progress or, in the case of
specific 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 actxons taken, and the probablhty of meetmg the next scheduled




C. MONITORING AND REPORTING
1.

_period. The first .report is due on July 28, 1981 Duplicate simed copies of

. Récor&i'ng of Results

“b. The dates the ana.l'ysés were performed;

PART |

Page 4 wi 9 .
Pernnt N TX0086321

Representative Sampling

Samples and v'rﬁe'a;surement.s taken as required herein shall be representative of the voliime
and nature of the monitored discharge.

I_?cportirié

Mo”nitorivng' results obtained during the previous 3 months shall be summarized for
each month and reported on a Discharge Monitoring Report Form (EPA No. 3320-1),
postmarked no later than the 28th day of the month following the completed reporting

these, and .all  other reports required hercin, shall be submitted to the Regional
Administrator and the State at the following addresses:

Diahaﬂoytfdﬁ;snirectOr, : Mr. Harvey D. Davis, Exec. Director
Ehfdrcé;eht Division (6AE) SR Texas Cepartment of Hater Resources
U.S. Environmental Protection Agency P. 0. Box 13187, Canitol Station
First International Building Austin, Texas 78711

1201 Elm Street
Dallas, Texas 75270

Definitions See Part III
L R X X KO A R S X M K XX KX K XXX
SRR X KB X 0 X XN XMRERE X K XELENX XK X XX O X KX AR S X XS ALY S XXX
GO IDCREIK XROTIXIT YK BN A M KL BN M X XS UKo
POERIAN RO X XK KX RISK N KK SH K 00 XK KIOEK HY KX It o BRI X
RER Rﬁxﬂfgx‘éixﬁ%xxmxxwzkxmxm)@sxxnxxmmexx«xxxwxxuﬁmgxw
%seﬁ*mx X0 XXM TR RIOENR NIOTRXRHAKX

b Tyt TR X RIS R S8 KO KK MBS KB XX S XRIoR 3 g
% B
Test Procedures

Test'proce;lui'es for the analysis of ppl!_i.itants shall conform to régulations published
pursuant to Section 304(g) of the Act, under which such procedures may be required.

For each measurement or sample taken pursuant to the requireraents of this permit, the
permittee shall record the following information:

a. The exact place, date, and time of sampling;

¢. Th person(s) who performed the analyses;
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Pae 5 oi 9
Permit Nq. TXOﬂ86321

d. The analytical techniques or methods used; and

e. The results of all required analyses.
Addmoncl '\lomlormg by Permittee

If the permittee monitors any pollutant at the loc:monh) dosmnated hercm more
frequently than required by thls permlt using approved analytical methods as epecnﬁed

- above, the results of such monitoring shall be included in the calculation and reporting of

the values required in the Discharge Monitoring Report. Form (EP-& \o. 3320- 1) Such
increased froqucncv shall also be indicated. :

Records Retention o

All records and information resulting from the momtormg activities Tequlred hy this
permil including all records of analyses performed and calibration and maintenance of
instrumentation and recordmgs from continuous monitoring mstrumentauon shall be

_rotained for a minimum of three (3) years, or longer if requested by t.he Reglonnl

Admmnstrator or the State w1ter pollutmn control ngency
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PART I}

Page 6 of 9
permit No. ' TXNN8E321

MANAGEMENT REQUIREMENTS

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
at a level in excess of that authorized shall constitute a violation of the permit. Any

“anticipated facility expansions, production increases, or process modifications which will

result in new, diffcrent, or increased discharges of pollutants must be reported by
submission of a new NPDES application or, if such changes will not violate the effluent
limitations specified in this pérmit, by notice to the permit issuing authority of such
changes. Following such notice, the permit may be modified to specify and limit. any
pollutants not previously limited.

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 exact dates and times; or, if not corrected,
the anticipated time the noncompliance is expected to continue, and steps being
taken to reducé, eliminate and prevent recurrence of the noncomplying discharge.

Fecilities Operation

The permittee shall at 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.

Adverse Impact

The permittee shall take all reasonable steps to minimize any adverse impact to navigable
waters resulting from noncompliance with any eiffluent limitations specified in this
permit, including such accelerated or additional monitoring as necessary to determine the
nature and impact of the noncomplying discharge.

Bypassing

Any diversion from or bypass of facilities necessary to maintain compliance with the
terms and conditions of this permit is prohibited, except (i) where unavoidable to prevent
loss of life or severe property damage, or (ii) where excessive storm drainage or runoff
would damage any facilities necessary for compliance with the effluent limitations and
prohibitions of this permit. The permittee shall promptly notify the Regional
Administrator and the State in writing of each such diversion or bypass..
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PART Il

Page 7 of 9

Permit No. TX0N8A321
Removed Substances
Solids, sludges, filter backwash, or other pollutants rcmoved in the course of treatment or
control of wastewaters shall be disposed of in a manner such as to prevent any pollutant

from such materials from entering navigable waters.

Power Failures

In order to maintain comphance with the effluent limitations and prohxbltxons of this

permit, the permittee shall either:

a. In accord:mce with the Schedule -of Compliance contained in Part 1, provide an
altematxve power source sufﬁcxent to operate the wastewater control facilities;

or, if such altemthe power source is not m exxstence, and no date for lts implementation
appears in Part [, - :

b. Ha.lt, reduce 4_or otherwise control production' and/or all-,diséharges upon the
reduction, loss, or failure of the primary source of power to the wastewater control
facilities. ,

B. RES!’ONSIB[LITIES

1

Right of Entrv

The permittee shall allow the head of the State water pollutxon control- agency, the
Regional Admxmstrator, and /or their authorized representat.wes, upon the presentation of
credentm!s

a. To enter u)"aon ‘the permittee’s premises where an effluent source is located or in
which any records are required to be kept under the terms and condltxons of tms
permit; and- A ‘

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; and to sample any discharge of pollutants.

Transfer of Ouwnership or Control
In the event of any change in control or ownership of facilities from which the authorized

discharges emanate, the permittee shall notify the succeeding owner or controller of the
existence of this permit by letter, a copy of which shall be forwarded to l:he Regional

- Admxmstmtor and the State water pollutxon control avency

Availability of Reports

E\cept for data determined to be confidential under Section 308 of the Act, all reports
prepared in accordance with the terms of this permit shall be available for public
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!’crtunit No. TX0086321

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 confidential.
Knowingly making any false statement on any such report may result in the lmposmon of
criminal penalties as provided for i in Section 309 of the Ac.t o -

Permxt Modification

After notice and opportunitv for a hearing, this permit may be modified, suspcnded or
revoked in whole or in part during its term for cause including, but not limited to, the
followmg .

a. Viola_tion of any terms or conditions of this permit;

b. Obtaining this permxt by mlsrepresentatxon or failure to disclose fully all relevant
facts; or

¢. A change in any condition that requires exther a temporary or petmanent reductxon or
‘ elxmmatxon of the authorxzed dtscharge

Toxic Pollutants

Notwithstanding Part {I, B-4 above, if a-toxic effluent standard or prohibition (including
any  schedule of compliance specified in such effluent standard or prohnbmon ) is
established under Section 307(a) of the Act for a toxic pollutant. which is present in the
discharge and such standard or prohibition is more stringent than any liraitation for such
pollutant in this permit, this permit shall be revised or modified in accorcance w:th the
toxic effluent standard or prohlbxtxon and the permittee so notified.

Civil end Criminal Liability
Except as provided in permit conditions on “Bypassing” (Part II, A-5) an “Power

Failures™ (Part II, A-7), nothing in this permit shall be construed to relicve the pt mMittee
from civil or criminal penalties for noncompliance.

Qil and Hazardous Substance Liability

Nothing in this permit shall he construed to preélude the institution of any legal action or
relieve the permittee from any responsibilities, liabilities, or penalties to. v.hlch the
permittee is or may be subject under Section 311 of the Act.

State Laws

Nothing in this permit shall be construed to preclude the mstxtutmn of any legal action or
relieve the permittee from any responsxblhtles, liabilities, or penalties established pursuant

to any applicable State law or regulation under autl‘onty preserved by Scctlon 510 of the
Act , ,
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Permit No. TXNN36 321

9. Propertv Righ ts

The issuance of this penmt does not convey any property nghts in either real br personal

; property ‘or any ‘exclusive privileges, nor does it authorize any injury to private property
or any invasion of persona! rights, nor any mfnngement of Federal, Stabe or local laws or
regu!atiom v .

10. Sevcrcbilzty

The provxsmns of this permit are severable, and if any provnsxon of this permit, or the
application ‘of any provls.on of this permit to any circumstance, is held invalid, the
application of such provision to other cxrcumstances, and the remamder of this permxt
sh:m not be affected thereby. : . : v

PART III

OTHER REQUIREMFNTS

The "da11y average" concentrat1on means the arithmetic average (weighted
by flow value) of all the daily determinations of concentration made
during a calendar month. - Daily determinations of concentration made
.using ‘a camposite sample shall be the concentration of the composite
sample. tlhen .grab samples are used, the daily determination of concen-
tration shall be the arithmetic average (weighted by flow value) of all
the samples collected during that calendar day.: ,

The ”daily maximum" concentration means: the daily determvnation of con-
centration for any calendar dav. ) :

. The conditions applicable to all permits under 40 CFR 122 7, 122. 15
'122.60, 122.61 and 122.62 ({as promulgated in the May 19, 1980 Federal
Register) are hereby incorporated into this permit and ordvail over.
any 1nconsistent requirements of this permit. .
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Texas Department of Health

Robert Bernstein, M.D., F.A.C.P. , : 1100~West 49th Street . A. M. Donnell, Jr., M.D., M.P.H,, FA.CP.
Commissioner Austin, Texas 78756 Deputy Commissioner
B (512) 458-7111

May 15, 1981

Mr. Tom Green

Radian Corporation

P. 0. Box 9948
Austin, Texas 78766

Subject: Torbett-Hutchings-Smith Hospital #517
Marlin, Texas
HFC - AH80-0401-021

Scope: Geothermal Heating System Project
and Energy Management System

Dear Mr. Greén:

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 letter will serve as the approval from
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, In no way should this review be construed to mean the
approval of the structural stability or mechanical integrity of this facil-
ity, nor should it mean that appropriate action from the Health Facilities
Commission is unnecessary for this project. Any item not covered by this
review that {s contrary to the above mentioned standards does not mean the
waiver of these standards.

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.
It will be necessary to inform us three weeks in advance of the completion
date for 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
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Mr. Tom Green May 15, 1981
Torbett-Hutchings-Smith Hospital
Page 2

office for approval. If you have any questions regarding the standards
relating to this project, please contact Mr. Zenon A, Pihut.

'Sincerely,
~ =" <
ce A

Walter L. Dick, Director
Hospital Licensure & Certification Division

WLD/j1m

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 .
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A?PENDIX C: ACCEPTANCE TEST REPORT

Included herein is a copy of the Acceptance Test report
for the T—H-S Memorial Hospital Geothermal Heating System. ' The
report detailsv the procedures and results of the final inspection
conducted by Radian Corporation engineers. Also included are
communications between Radian Corporation and T-H-S explaining
the Acceptance 'I‘est.
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2oLl 82-212-300-X

27 April 1982

Mr. J. D. Norris, Jr., Administrator
T-H~S Memorial Hospital

P.0. Box 60

Marlin, TX 76661

RE: Geothermal System Acceptance Test Procedure
Dear J.D.:

Since the originally-contracted portion of the geothermal system is
completed and Lochridge-Priest has been paid (establishing a Beneficial
Use Date of January 26, 1982 and a one-year warranty period), it is
time to accomplish the formal acceptance by the T-H-S Hospital of the
constructed system. As your geothermal consulting engimeers, it is
our job to show you that your geothermal system has been constructed
and operates per the specifications. This procedure is analogous to
an engineer's certification that a monthly construction invoice is
valid before you sign it off for payment.

We will work with you to accomplish this necessary effort via the
referenced procedure. Tom Green has prepared the procedure and he and
Al Ferguson have already taken much of the actual data. Tom will sit
down and discuss the procedure with you on April 28th. We need you to
accompany Tom throughout the entire system so he can show you that it
is all installed and operates properly. Radian will certify through
these tests that the system is operational. This procedure will
provide the basis for you to sign off thus accepting the installed
system. We will note any deficiencies that need correcting. It is
the responsibility of Lochridge-Priest to correct these deficiencies
as they have since your Beneficial Use Date.

Naturally, any Change Orders not yet accomplished--such as the Btu
Meter-~will be addressed separately. This Acceptance Test Procedure
does not affect the warranty period. When our additional funding
request is approved, we will be able to provide some 130 man-hours of
assistance to you to solve operating problems, orientation and
instruction of your maintenance men, etc. up until the end of our
subcontract in January 1983.

8501 Mo-Pac Blvd. / P.O. Box 9948/ Austin, Texas 78766/(512)454-4797
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Mr. J. D. Norris, Jr.
27 April 1982
Page 2

Let me also call to your attention that the EPA discharge permit
requires monthly measuring of the chemical oxygen demand (COD) as .
well as oil and grease levels in the geothermal discharge. 1If the -
City or the Texas Department of Health canmnot ‘do this for you, I
believe your own lab could setup to do it.

If I can answer any questions, please give me a call
Best regards,

Mandt 2

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

Durlng April 1982, Radian conducted a thorough exam-
1nation of the installation and operation of the T-H-S Memorial
Hosp1tal Geothermal Heating System These Acceptance Tests
were performed by Radian's Tom Green and Alan Ferguson w1th
assistance belng provided by Lochridge Prlest s Steve Hennlck
and Johnson Controls Charlie Mlller " T.E. Alexander (T H-
Hospltal engineer) was periodically apprised of the procedures
and was present during some of the tests. Addltlonally, a
step by-step verbal orientation of the geothermal system,
:anlud:Lng maintenance and troubleshooting tips, was provided
for the T-H-S engineering personnel. | '

As documented in the attached Tables 1, 2, 3, and &,
the following items were 1nc1uded in the Acceptance Test
inspection:

e Geothermal Well Head

e Variable Frequency Drive (VFD), all modes of
operation

e Backpressure valve
e Geothermal piping pressure relief valve

e Geothermal overpressure alarm and automatic system
shutdown

e BTU meter
e Adequacy of CPVC (plastic) piping supports

e Installation of suitable dielectric coupler on
PHX-1 to prevent galvanic corrosion
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SHW override controls for geothermal heating bypass
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

Flow balancihg in entiré PHW system, including

" all ten AHU

Automatic makeup to PHW system

Automatic controls for PHW pumps F, G, H, I

Based on this Acceptance Test procedure and Radian's

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.

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
procedure. '

. Remove and calibrate all existiﬁg pressure gauges

installed for geothermal system and reinstall.
Consult Radian for calibration procedure. Replace
inoperable and absent gauges at PHX-&4.

. Replace brokénAhandlefor appropriate valve parts

to valve 268 (automatic air vent valve near PHX-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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10.

11.

12.

Install three additional CPVC piping supports.
Consult Radian for locationms.

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. Retain pressure needle
insert assembly from RO-5 meter for use with Dwyer
meter.

Label conductance monitor alarm signal (light)
above G.E. room door.

Eagle Eye meter is not sufficiently sensitive to
measure SHW flows. Provide two other suitable
meters such as Dwyer Flex Tube U-Tube Manometers
with 16 in water column (WC) range, Model 1223-16-W.

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. 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 with AHU-9 second stage heating.
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Additional documentation for these action items is available

in the attached tables.

These tables also present supplemental

0&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 acteptance 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 acceptahée does not impact

outstanding.ECOs (such as the BTU meter), the Lochridge-Priest
warranty, or outstanding Records for Owner.

o _
Certified by: /W

Accepted by:

P A IA

7
Date

Tom e J/‘
Projéct Director
Radian Corporation

e '(:- =7 /
!’ ‘: . U ’
ool A e

J.D. Ngrfis,{Jr.
Administrator
T-H-S Memorial Hospital

| Date

253




214

ACTION ITEMS

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.
recommended.

No further action

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.

TABLE 1. GEOTHERMAL EQUIPMENT ROOM ACCEPTANCE TEST SUMMARY
(ADDITIONAL G.E. ROOM DATA IN TABLES 2, 3, and 4)
DATE COMPONENTS PROCEDURE RESULTS
4/23/82 Thermometers Conducted rough calibration Some thermometers several degrees
of .all thermometers in G.E. (5°F) out of calibration. True
room calibration not achievable because
thermometer sockets could not be
removed from thermowells (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).
4/23/82 Pressure Conducted rough calibration Pressure gauges were generally.
Gauges of all pressure gauges close and were set so pressure
differential could be accurately
read. On PHX-4, one gauge missing
and one not working: the one not
working probably due . to either bad
gauge or bad diaphragm seal. Replace
or repair as appropriate. Calibrate
replacements,
4/23/82 VFD Automatic Verified temperature for VFD achieves minimum speed at the
Control minimum speed control 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.)
4/8/82 Geothermal Checked to see that PRV Readjusted PRV to open and trigger
Pressure opened at approximately alarm at 65 psig. PRV had been
Relief Control 60 psig and that it incorrectly set at approximately
simultaneously triggered 85 to 90 psig. PRV did not properly
overpressure alarm system reset after adjustment. Lochridge-
Priest has since remedied. .
4/23/82 BTU Meter Verified planned repair BTU meter has not worked since
action (previously checked installed. Apparently problem is
operation of BTU meter on with hardware shipped from factory.'
4/8/82 and 4/14/82) 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.
4/23/82 Ball Valve AAV valve near PHX-4 has
to Automatic broken handle (valve no. 268)
Air Vent

to valve 268 (automatic air
vent valve near PHX-4).

NOILW 20480
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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 COMPONENT PROCEDURE RESULTS ACTION ITEMS
4/8/82 Dielectric Verified installation of Dielectric flange installed. .No further action required.
. Coupler for flange kit to prevent gal-
PHX-1 vanic contact between copper
pipe and stainless steel
heat exchanger
4/8/82 Claval Back- Reset backpressure setting Adjusted valve to provide. approx- No further action required.
pressure Valve 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).
4/8/82 VFD Amperage Checked VFD amps cross-line VFD amps.cross-line = 18 No further action required.
and at 60 Hz. VFD amps @ 60 Hz = 20
4/8/82 VFD Automatic. Checked reasons for VFD not -Determined that proper control Return faulty circuit board
Operation working in AUTO position signal was being received by VFD, from VFD spare parts kit to
and that problem was in VFD. factory for repair or
Lochridge-Priest has since replacement. Deliver replace-
_ remedied problem. ment(s) to job site.
4/8/82 Geofluid Placed note on pipe adjacent Note reminds operator to purge No further action required.
Sampling Valve  to sampling valve valve prior to taking geofluid :
sample.
4/8/82 Wellhead J-Box Checked for H,S corrosion of Found no evidence of corrosion. Periodic operator checks are
copper wire Placed short bare piece of copper only further action required.
wire in J-Box. Wire should be
checked periodically by operator
for evidence of corrosion,
4/8/82 CPVC Piping Checked for possible need CPVC lines discharging PHX-2,3 Install three additional CPVC
Supports for additional CPVC piping and 4 could probably benefit from piping supports. Consult
supports . additional support at the "elbows . Radian for locations.
4128782 VFD' Checked all modes of VFD - All modes working properly. ' Under No further action required.
R - operation AUTO control, VFD speed follows (Note spare parts replacement
heating demand. .Manual and cross- above.)
line operation also proper.
4/28/82 Controls Controls labels in G.E. room Several control instruments in G.E, Label all controls in G.E. room
room were not labeled. Instructed - '
Johnson Controls to label appro-
‘priately.
4/28/82 Geothermal .Checked for completed All necessary equipment installed No further action required.
Well Head installation and operating.
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‘TABLE 2. DHW SYSTEM ACCEPTANCE TEST SUMMARY
(BOILER ROOM AND GEOTHERMAL EQUIPMENT ROOM)
DATE COMPONENT PROCEDURE RESULTS . ACTION ITEMS
4/28/82 Steam Valves - Set steam valves for HWG-1 HWG-1 steam valve setting = 0. Suitable control. No further

to Hot Water
Generators

4/23/82 DHW Circula-
tion Pump E
4/23/82 DHW Circula-
tion Pump E
N
wn
[e)]
4/8/82 & "Uniloc"
4/23/82 Conductance
Monitor

and HWG-2

Verified set point and
results

Reset circuit setter balance
valve

Verified calibration and
checked operation

HWG-1 temperature at O setting =
114°F (Pump E OFF).

HWG-2 steam valve setting = 9
HWG-2 temperature at 9 setting =
124°F (Pump E OFF).

Pump E set point at 135°F.

HWG-1 temperature = 134°F (steam
valve OFF).

HWG-2 temperature = 132°F (steam
valve OFF).

Balance valve setting = 38°F.
Balance valve pressure drop =

15.5 ft of H,0.

GPM = 38.

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.

DHW make up conductivity per
Uniloc = 290 umho-cm.

DHW makeup conductivity per

Radian instrument = 285 umho-cm.
Activated Uniloc on high alarm:

all three alarm lights functioned,
Pumps E and D shut down, and
valves in G.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 umho-cm, low
alarm for 120 pmho-cm. Operation
satisfactory.

action required.

NOTE: HWG.steam valves should
be reset only in “emergency"
conditions.

Suitable set point and control.
No further action required.

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 a Dwyer
Capsuhelic Differential Pressure
Gauge, Model 4300. Retain
pressure needle insert assembly
from RO-5 meter for use with
replacement meter.

Label conductance monitor
alarm signal above G.E.
room door. ' Operation

.satisfactory.
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TABLE>3.  SHW SYSTEM ACCEPTANCE TEST SUMMARY
(PENTHOUSE AND GEOTHERMAL EQUIPMENT ROOM)

PROCEDURE

NYidw 8

DATE . COMPONENT RESULTS ACTION ITEMS
4/23/82 - Control Valve Checked sequencing of SHW . Control pressure when SHW valve " Control pressures show that
for SHW-2 control valve and steam just opening = 4 psig. steam is being properly
Circuit valve via’' checking pneumatic Control pressure when SHW valve scquenced only after geothermal
(2-Pipe) to - control pressures full open = 8 psig. cannot maintain load. No
- PHX-2 Control pressure when steam valve further action required.
just opening = 8.5 psig. v
4/23/82 SHW-2 Control Check to ensure override Override controls had been improperly No further action required.
- Valve 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) -
6/23/82 Annubar Flow Checked flow.rate in SHW-2 Alfhbugh flow detected via observing  Eagle Eye meter is not suffi-
Sensor on SHW circuit with all flow going equalization of SHW temperatures at ciently sensitive to measure
Line to PHX-2  to PHX-2 PHX-2, no flow could be detected’ SHW flows. Provige two other
. using Annubar and portable Eagle- ‘suitable meters such as Dwyer
Eye meter. - (Controls overridden - Flex Tube U-Tube Manometers
to produce flow.) On 4/28/82, with 16 in in water column
Radian checked flow with manometer. range, Model 1223-16-W,
Results below.
Annubar
. Diff.
Pump on Pressure Flow Rate
3 only 2.5 in H20 90 gpm
3 and 4 4.25 in H,0 120 gpm
4/23/82 Contfol Vaive‘ ‘ Checked'seﬁuéncing of SHW Control pressure when SHW valve Control pressures show that
for SHW-1 control valve and steam just opening = 3 psig. steam is being properly
Circuit valve via checking pneumatic Control pressure when SHW valve sequenced only after geo-
(3-Pipe to control pressures full open = 7 psig. thermal cannot maintain load.
PHX-3 Control pressure when steam valve No further action required.
just opening = 8 psig.
4/22/82 Annubar Flow Checked flow rate in No results since all (or most) Because Eagle Eye meter is not

Sensor in SHW
Line to PHX-3

SHW-1 circuit

valves at induction units are closed
to heating, resulting in no heating
water circulation. Data to be

taken by operators beginning next
fall.

sensitive enough, the second

(Dwyer) manometer above should ‘.
be installed to measure SHW-1

flow rates.
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ACTION ITEMS

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
pPressure 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 with APU-9
second stage heating.

NOTE: Balance cock
(currently painted
blue in most PHW
circuits) should not
be reset,.

If circuit setters’ ever
need to be closed,
reset according to
schedule at left.

Resulting flows are
satisfactory. No
further action
required.

TABLE 4. PHW SYSTEM ACCEPTANCE TEST SUMMARY
(PENTHOUSE AND GEOTHERMAL EQUIPMENT ROOM)
DATE COMPONENT PROCEDURE RESULTS
Control Control Control
Pressure Pressure Pressure
When PHW When When Steam
Valve Just PHW Valve Valve Just
ARU _Opening = Full Open Opening
4/8/82 All primary heating Checked for proper 1 16.5 psig 13.5 psig 6.5 psig
water (PHW) control controls sequencing 2 13 9 9
valves between PHW valves
and backup heating 3 13 9 8
(either steam,
natural gas, or 4 13 9 7
electric) 5(4/23) 16 ‘13 1 (stm reheat)
.7 (stm preheat)
6 13 9 9.5 '
8 14 10 7
AHU 7: PHW valve opened on first.stage heating
AHRU 9: PHW valve opened on first stage heating,
gas furnace activated on second stage
heating
AHU 10: PHW valve opened on first stage heating,
gas furnace activated on second stage
heating
Circuit
Circuit Setter
Setter Pressure
AHU Position Drop Flow Rate
4/8/82 & All primary heating With contractor's 1 19° 3 £t H,0 41 gpm
4/23/82 water heating coils help (Steve H., 2 34° 16 45
Lochridge-Priest)
balanced PHW 3 33° 16 47
flow to all .
heating coils via 4 14 3 47
checking circuit 5 37° 21 45
setter balancing o
valve and balancing 6 14 23 70
cock. (Steve H. 7 2° 1.7 19
with L-P balanced .
AHUs 1, 4, 8, 9, 8 23 6 46
10 and reported 9 18° 6 33
results to Tom G. .
with Radian) 10 10 12 34 Rﬁ53§ging
(18 gpm to
AHU-10)
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TABLE 4.

DATE COMPONENT
4/23/82 PHW automatic
makeup pump -
4/28/82 Automatic pump

start controls for

PHW pumps F, G, H,

and I

PHW SYSTEM ACCEPTANCE TEST SUMMARY
(PENTHOUSE AND GEOTHERMAL EQUIPMENT ROOM)

- (Continued) -

- PROCEDURE

Verified control pressure

settings for automatic
makeup into PHW system

Reset DA temperatures
which start pumps

. RESULTS

Pump cycles on if compression

. tank pressure falls to 22 psig.
Pump cycles off when pressure
reaches 25 psig.

Pump Controls reset to accommodate
system operation under energy
conservation control system.

Pump G now operates below approx-
imately 50 F OA, and Pumps F, H,
and I operate below approximately
65 F. Actual settings below.

0A 0A P-E
Pump Temp On Temp Off Setting
F,H,1 66 (OA 68. (OA 12
- falling) rising)
G 49 (OA 52 (0A 10

falling) rising)

ACTION ITEMS

Controls operating
satisfactorily.

No further action
required.

Because AHNU 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
(NOTE: This control is
sequence is different
than that shown in
Radian's Operating
Manual and system
specs. Disregard old
sequence.)
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APPENDIX D:

PLATE HEAT EXCHANGER INSPECTION REPORTS
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Radian Contract No. 212-300

RADIAN

GEOTHERMAL FACILITY INSPECTION REPORT

Where: THS Memorial 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. The unit was placed
in service in mid-January 1982 and was shut down on 15 July for
the inspection. After the HX temperature had dropped to 100°F
the HX was drained and opened.

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. This film was
slightly tenaceous--but rubbed off easily with a sampling stick.
A very small sample was collected for EDS examination.

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. The metallic sheen of the HX plates was visible
through this film. The film wiped off easily with the fingertip
and had an oily or slippery feel when wet. Some sand particles
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. A sample was collected for
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-’ further examination. It was tentatively concluded that the tan
| film was silt from the city water supply.

Detailed Examination of One Plate

A single plate was removed at random for detailed

examination.v Whole-face and'close~up photographs were taken of
each side. The DW side photographs should have a tannish cast
due to the silt deposits.

 On each side of the plate, an area of about one square
foot was cleaned with detergent and water. With this cleaning
treatment, both the black geothermal film and the/tan DW £film
wiped off readily with a soft cloth.

Locations on each side of thé,plate,were then examined
microscopiéally using Radian's portable metallograph. Magnifica-
tions of 50X to 400X were used. The metallograph was also equipped
with an optical depth gauge capable of measuring height differences
of 0.1 mil. | K

On the geothermal side, loading or contact points--
where the ridges of one plate preSs on'ridgES (at right angles)
on the next plate--were readily apparent to the eye. These
points were about the size of a period. Close visual examination
of the plate surface revealed no other features. Four contact
points were washed with 157 HNO; and examined miCrdscopically:

Point 1: There was much mechanical smearing of the
plate surface at‘the contact point. One area remained'
darker than the surrounds‘after the HNO, wash. This
area showed a depth of less than 0.1 mil, though slight
depth was evident at 400X. It could represent a point

of incipient crevice corrosion, or may be only a region
-/ of differing albedo due to difference in 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 spdts--which were resistant to HNO; cleaning--
had no visible depth even at 400X.

4 ‘ Séveral 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 peél" 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

to the geothermal side. The close wisual examination showed no
other features.

_ Four contact points were cleaned with HNO; 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 intérplate contact pbints:raﬁ area of

" maximum risk for this form of corrosion.

--The microscopic ‘appearance of the plate surfaces

" was typical of rdlléd stainless steel. The '

. appearances of the plate surfaces which had been
wetted with geothermal fluid or domestic water,
were no different than areas which had remained
dry.
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Radian Contract No. 212-300
9 August 1982

THS GEOTHERMAL HEAT EXCHANGER INSPECTION
DEPOSIT ANALYSIS REPORT
by Peter Ellis

During the inspection of 15 July 1981, deposit.sémples
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
tiark. 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. Some of this material
was ﬁagnetic, some was not. |

The two deposits were analyzed by Energy Dispersive
(X-Ray) Spectroscopy (EDS) in Radian's Scanning Electron
Microscope. This technology provides a semi-quantitative
analysis of those elements with atomic numbers greater than
9 (fluorine). Hydrogeh, lithium, beryllium, boron, oxygen, and
fluorine are undetectable by this technique.

GEOTHERMAL SIDE DEPOSITS
Results

Figures 1 and 2 show the EDS spectra for the two
black particles from the geothermal side of the HX plates. One
of these particles was smooth in appearance (Figure 1). it
contained major amounts of calcium, sulfur, silicon, and iron;
minor amounts of titanium and aluminum; and traces of chlorme

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. The absence of gross ferromagnetic
activity indicates that magnetite is not-a significant

constituent.

The other constituents, silicon, calcium, aluminum,
and titanium are charactetistic:constituents af many clays or.
silts, and it is suggested that they are derived from suspended
solids in the produced fluid.

The traces of copper and zinc are probably copper and
zinc sulfide corrosion products from bronze pump components.

SECONDARY (DdﬁESIIC WATER) SIDE DEPOSITS
Results :

Figure 3 is the EDS spectrum for a bulk sample of
the Secondary'side;deposit. This sample contained major

amounts of copper and iron, minor amounts of silicon and aluminum;
and traces of magnesium, sulfur, chlorine, calcitm-and titanium

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 corrosionfproducts are the result of
corrosion elsewhere in- the domestic hot water system. Their
presence may indicate persistent oxygen inleakage into the
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domestic water Supply. One likely soufce of oxygen is air
inleakage at faulty pump packings and seals. For the 1ohg
term health of the domestic water system, more intensive
maintenance of these seals and packings may be in order.

The trace elements observed are those typical of

clays and silts and are most likeiy derived from suspended
solids in the domestic water supply.
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X-RAY INTENSITY (Counts)

Fp~ure 1.~ EDS SPECTRUM:OF SMOOTH BLACK J~\TICLE
FROM GEOTHERMAL SIDE OF HX 1 OF THE THS .
GEOTHERMAL SYSTEM (Full Scale = 468:cents.).
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I;igure. 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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Vgure 2.

* X-RAY INTENSITY (Counts)

' EDS SPECTRUM OF ROUGH BLACK PARTICLE
FROM GEOTHERMAL SIDE OF HX 1 0. JHE

THS GEOTHERMAL SYSTEM (full scale = 1031 cnts)
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APPENDIX E:

CAPITAL COST ANALYSIS FOR AN EQUIVALENT GEOTHERMAL HEATING SYSTEM

This appendix details the derivation of the capital
costs for a geothermal system 'equivalent" to T-H-S, except that
this equivalent system does not incur the development and
reporting costs associated with the T-H-S project. The resulting
costs are therefore representative of future development of the
CentraI'Texas geothetmaiiresource. Note that the costs,
expressedd in 1982 dollars, are based on actual T-H-S project
experience and not on engineering estimates.

A. Subtract costs which would not be accounted in future

’progects.

"l. Total Project Costs . $1,144,174

2. Less Central Texas Savings and (100,000)

©  'Loan Contribution (injection well, :
not used) :

3. Less T-H-S Hospital In-Kind ( 88,722)
Contributions »

4. Remaining Costs contributed by ~$ 955,452

DOE/TENRAC/City of Marlin

5. 'Less Project Reporting Costs ( 26,125)

6. Less Environmental Assessment ( 12,462)

© ‘(Permitting costs remain) o

7. Less Public Awareness = ( 24,086)

8. Less O&M Manual Prepared by ( 5,026)

" Engineers

9. Less System Monitoring by Engineers ( 9 810)
10. Less Environmental Monitoring ( 12,500)
1l1. Less Materials Testing : ; ( 10,0002

12, Base Costs pot accounting for»-- s .. §8 855,443
year spent T R SR :
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B. Determine equivalent costs occurring before 1982.

1. Base costs (from A.10 above) $ 855,443
2. Less 1982 construction costs (385,700)
3. Less 1982 construction costs { 23,374)
acceptance testing (by Engineers)
4., Costs occurring before 1982 $ 441,369

C. Escalate pre-1982 costs to 1982 dollars.

l. Costs occurring before 1982 $ 441,369
(from B.4 above)

2. Less 1979 well costs (224,300)

3. 1980 Engineering, Architecture, - - $ 217,069
Permitting, etc. costs.

4. Less 50% of 1980 Engr. costs £ 34.,462)
(accounting for development
engineering)

5. 1980 Engr., Arch., permitting, etc., costs
for equivalent system $ 182,607

6. 1980 Engr., etc. costs escalated to 214,966
1982, using 8.5% inflation
(182,607 x 1.085%)
7. 1979 well costs escalated to 286,495
1982 using 8.5% inflation
(224,300 x 1.085°%)
8. Pre 1982 costs in 1982 dollars $ 501,464

D. Determine Equivalent System Capital in 1982 dollars.

1. Pre 1982 costs in 1982 dollars $ 501,464
(from C.8 above) :

2. Plus 1982 construction costs $ 385,700
(from B.2 above)

3. Plus 1982 construction oversight $ 23,374

and acceptance testing costs
(from B.3 above)

4. Equivalent system capital $ 910,538
expressed in 1982 dollars
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Medid Contact: 1J. D. Norris FOR IMMEDIATE RELEASE
: : - 817- 883 3561 ' August 31, 1978

nrhett-@ﬂutnl;mgz-;%mdh
ﬁﬁzmnrtal Hospital

zzz QIulzmm ﬁtmt - @Izlzphum.817-8_83-3551
cmmlm, ‘ﬁrms 76661

'GEOTHERMAL CONTRACT SIGNING

MARLIN—-Congressman W. R. "Bob" Poage (D—Waco) heads up a
1list of federal, state and local officials here today to observe
the signing of contracts initiating work on the State's first

geothermel'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.

Environnental assessments, performed by Radian Corporation
of Austin, the hospital's geothermel engineering consultant,
indicate there are no significant environmentalvimpacts associated

with the project.i

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
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to produce nearly 200 galloms’ per minute of 150 F water to replace-
an estlmated 85 percent of the hospital's current demand for

av':,

natutal gas.

The contractfsigningyceremonies are being held Friday at
10: 30 a.m. in the Sun Room at the Falls Hotel Several'dozen
‘state and local elected officials and representatives of federal

and state agencies have been invited for the event

2717




Media Contact: J.D. Norris FOR IMMEDIATE RELEASE
817-883-3561 2] [79

Torhett- Hidchings- Smith
SMemorial Hospital

322 Qolenunt Street Telephone: 817- 883-3561

Blxline, Texns 76651
MARLIN HOSPITAL SELECTED TO NEGOTIATE GEOTHERMAL CONTRACT

U.S. Congressman W.R. (Bob) Poage (D-Waco) announced this
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 field experiments to demon-

strate direct utilization of geothermal energy resources.

The program -- the first of its kind in Texas -- calls for
using Marlin's hot mineral water as a source of energy for space
and water heating in the hospital. Marlin is one of several
Central Texas cities that overlie pockets of hot mineralized
water which have percolated into faults which in turn are heated
by the earth's hot interior. Rising to the surface under their
own pressure, these waters have been used in Marlin health spas

since the late 1800's.

The estimated cost of the project is $588,834. The proposed
federal funding totals $379,464. Local "in-kind" service contri-

butions will amount to $134,370 and another $75,000 has been

requested from the Texas Energy Development Fund.

State Representative Dan Kubiak of Rockdale, who last 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. Spencer Associates
of Austin, the hospital's architect, will oversee all structural
modifications and the hospital's continning‘energy conserﬁation
program.‘ Han-Mer ConsultingﬂEngineers, also of Austin, will
produce an operations and maintenance manual and perform an
economlc analysis. The Houston firm of Layne Texas Co. will

drill and complete the well.

‘The‘new hot well to be drilled inythe'TQH-S complex is ex-
pected to produce near 200 gallons of water per minute at a
emperature of near 150° Prellmlnary estlmates are that the
geothermal system will replace 85 percent of the hospltal s cur-
rent demand for natural gas. Presently, T-H-S consumes approxl-

mately 12 million cubic feet of gas per year.

The geothermal eneroy demonstratlon proposed for T-H-S calls

for clrculating hot water through heat exchangers which in turn
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Will supply sPaee'heat and“domestiC‘hot_water in the existing
system. Project plans call for a 5-month;drilling phése'followeo
by a 13-month design and‘oonstruction phase. A twelve month
operationei‘phaSe will be‘rocused on attracting the general public

and,potential users of direct geothermal heat.

Norris states that the geothermal” water is anticipated to be
injected into the producing formation through an existing well
located on the prOperty of Central Texas Savings and Loan about

800 feet east of the T-H-S Complex.

The $134,370 "local in-kind services share" will be con-
tributed by the community. The Central Texas Savings & Loan
Association injection well will count as $100, 000 fhe hospital
will contribute $28,850 and the City of Marlin's share will be
$5,520.

Geothermal energy -- literally "heat from the earth" -- is a
renewehle energy source currently supplying heat for nhole com-
minities and industries in Iceland, Hungary, New_Zealand, and
the Soriet Union. At higher pressures and temperatures, geothermal
energy is used to generate electric power. One-third of San

Francisco's electric power needs are met by geothermal energy.

If the Marlin project is sucoessful can other institutions,
perhaps even a community-wide system and industrial complex,

benefit from the geothermal resources?

The answer depends largely on the economic enalysis of the

project and a separate study assessing geothermal potential in the
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Central Texas Region. The Texas Bureau of EConomio GeolOgy (BEG)
in Austln and Baylor University in Waco will conduct this regional

assessment

'The BEG is also involvedﬁin the'ﬁﬁlfimillioo dbllar'eesess-
ment of the Gulf Coast geopressured-geothermal resource in Texas

and Louisiana and another geothermal study in far West Texas.

VI #“"
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Media Contact: J.D. Norris FOR IMMEDIATE RELEASE
817-883-3561 - April 6, 1979

Tﬂrbeﬁ-ﬁmdrmss Fith
Sermarial Hospital

322 Colenua Street Welephone: 817- 883-3561
(ﬂ[nlin, Texus 76661

MARLIN GEOTHERMAL WELL DRILLING DATE SET

MARLIN--Ceremonies marking the 'spud-in'", or the begin-
ning of drilling operations, of one of the state's first geother-
mal wells are scheduled for Friday, April 13 at 3:30 P.M. here at
the site of the drilling operations =-- the grounds of the Turbett-
Hutchings-Smith Memorial Hospital.

Guests for the spud-in ceremonies will include U. S. Con-
gressman Marvin Leath, former Congressman W. R. Poage and State
Representative Dan Kubiak. Representatives from the United.States
Department of Energy (DOE), the Texas Energy Advisory Council (TEAC)
énd other state and local offices will attend.

The drilling operation is the first major milestone in
the two and a half year project designed to provide geothermal
heating for the T-H-S Hospital.

The U.S. Department of Energy (DOE), which is funding
approximately two-thirds of the total project costs, gave the
go-ahead for drilling after.reviewing an environmental assessment
of the project prepared by Radian Corporation of Austin, geother-
mal consultant for the hospital. In addition to the DOE funds,
the Texas Energy Advisory Council is contributing $75,000 toward
the total project costs of about $600,000. Other sponsors include
the T-H-S Hospital, Central Texas Savings and Loan, and the City
of Marlin -- all of which are contributing materials, labor or
other services toward the project.
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‘The drilling contractor is Layne Texas. Co headquartered
in Houston. Two four-man crews and a supervisor from the Dallas
office of the company are expected to be on site for six to eight
weeks.

Other subcontractors include Spencer Associates of

'Austin which will oversee all structural modifications, and

Hameer Consulting Engineers of Austin, which will produce an
operations and maintenance manual and perform an economic analysis
of the project. '

Based on other wells in the area--many of which provided
hot mineral baths for health Spas in the early 20th century--the
T-H-S well is expected to produce 150 degree F water at 200 gallons

per minute from a depth of about 3,400 feet: The water will rise

to the surface under artesian pressure and be circulated through
heat exchangers. The'geothermal energy could reduce hospital gas
use by 85 percent. Depending upon the quality of the water, the
spent geothermal fluids will either be injected into the ground
formation or utilized for other purposes

The hospital also is consideringvusing the water prior
to injection, to heat greenhouses; The temperature of the water
even then will probably be in excess of 100 degrees F. Hospital
Administrator and Project Director, J.D. Norris, feels that the
greenhouses can be used by volunteer workers to grow flowers and
fresh vegetables for the patients.

The Marlin project has sparked interest among several
institutional _industrial, and commercial users.such as large
scale greenhouse operators and industrial process heat users.

FEEFEEEE
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Media Contact - J. D, Norris, Jr. FOR ImEDIATE RELEASE
‘ 817/883-3561

@orbett-Hutchings- Smith
Memorial Hospital
322 @oleman Street . elephone: B17-883-3561.
Marlin, Texas 76661

4 ?;“'lﬁ'fsi; Jr. MARLIN GEOTHERMAL WELL COMPLETED
MARLIN, TEXAS - - A 3,835 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
Hoépital,’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 capébiiity. 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
institntional df industrial Marlin users may be able to hook
into the~geotherma1 supply and thereby benefit from this con-
stently 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 pafts per million total dissolved solids content--
a level defined by the federal government es‘"slightly saline."
However, the geothermal water will not be conSumed direetly by
hospitel users. The second phase of the prOJect involves the
development of a prellmlnary engineering design of a system us1ng

heat exchangers coupled to the hospital's existing heating system.

Radian Corp. of Austin, the hospital s geothermal consultant,
is analyzing the results of the water chemlstry tests 1n order to
select materials for 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
by the winter of 1980-8l. The system is estimated to reduce the

’ hospitalfs annual consumption of natural gas by about 85 percent.

‘ThelU.S. Department of Energy is funding approximétely two-
thirds of the total project costs. The remainiﬁg,third is com-
pfiséd_of a grant from the Texas Energy Development Fund and

local in-kind service contributions.
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MAR 29 1983
RELEASE: Upon Receipt
CONTACT: J. D. Norris, Jr. - 817/883-3561
Adminrstrator Torbett, Hutchings, Smith Memorial Hospital
Marlin, Texas 76661

- NATION' S MDST ADVANCED GEOTHERMAL PROJECT TO BE CHRISTENED IN MARLIN

Proven Success for Alternate Energy

Marlin, Texas; March 25, 1982 -- The.nation's_most advanced
geothermal project nill 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 beeause of'its demonstrated
capability to reduce heating costs of Marlin's Torbett,fHutchings,
Smith Memorial Hospitai;to one fourth its_previous cost. Four
years in its planning and cﬂnstrnrrion, the $1 million 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 Naturali
Resources Advisory Conncil (TENRAC) and e{loan from the Farmers
Home Administration (FQHA). The pioneering project_gained additional
support from the City of Merlin; the Marlin Chamber of Commerce,
Central Texas Savings and LoanrAssociationland_the:Iorbett, Hutchings,
Smith Memorial Hospital. | 7 o | |

Armed with these combined resources and a broad base of

a,enthusiastic support by alternate energy proponents across the

state and nation, the geothermal heating prOJect has been essentially
completed in the past year and has undergone a fine- tuning ‘toward
100% capacity. Yet under this testing phase and not fully operational,

the geothermal waters that convert to heat for the entire hospital
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complex have already demonstrated a 72% cost savings in natural
gas. Gas bills actually dropped from $9,829.01 in Janﬁary,and :
Februa:y 1981 to $2,717.79 in Janﬁary and February 1982. Further,
the géothermal well has a capacity tb meet more than three times
the hospital's peak demahds. |

The basic principle of the alternate emergy project is quite
simple. Coursing benéath’this beautiful Central Texas éommunity
is a natural formation of hot water, one of several such formations
in areas ranging from Laredo to bhe Dallas-Ft. Worth area. Used
in the early yeérs of thé century to fill the city's thriving spas,
the watér;s benefits wére viftually ignored after advances of
modern medicine. Now rediscovered as a useful benefit ﬁo health
care in Mariin, the water is piped through heat exchangers that
provide ddméstic hbt water and heat to warm the hospital complex.

A’wéll that taps the hot water formation supplies undefground
water as needed for the desired temperature, with a capacity‘to pump
over 400 galloné per minute of 155 F. water.

Radian Corporation of Austin, the consulting engineers, have
revealed an economic analysis that says that a commefcial user in
the Matlin area could pay for the cost of a well and heatihg system
in about three years, based on projected gas cost increases and
using the proven technology of this initial prototype.

| "It's obvious that we're delighted with the cost savings,"
said Torbett, Hutchings, Smith Memorial Hospital Adminiétraﬁor.
J. D. Norris, Jr. "But moreovér, we are éxtremely éxcited over what
this méans'to the future energy resouces in the face}of declining

petro-fuel sources."
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- A large gathering of officials, advocates, and the public

is expected for‘thé April 14'christening.’including Lieutenant
Governor Bill Hobby,‘U.S; Congressman Mérvin Leath, State
Repreﬂen:ative;Dan Kubiak, representatives from DOE, TENRAC,
and FmHA. | |

The no§n cerémony ﬁili-include a short prégram.la demon-
stration and a barbeque sandwich lunch. There will be no chafge

and the public is invited.
-30-

NOTE TO NEWS:EDITORS:-'Thé hospital administrator, architect and
éngineers willibe availablé one hour prior to the public event,
at 11 a.m. on April 14 to explain the project and démonstrate

- its workings. Visual depictions will also be available. PLEASE
RSVP your plans.to attend along with ANY SPECIAL NEEDS OR
EQUiPMENT which we may'asgigc 1n‘providing.. Radio stations and
-others who désire audio feeds following the event, please respond

also.'
CONTACT J. D. NORRIS, HOSPITAL ADMINISTRATOR AND PROJECT DIRECTOR

AT 817/883-3561«for,resérvations or more information.
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April 1979

MARLIN T H-S HOSPITAL GEOTHERMAL PROJECT

CONTRIBUTORS

PROJECT
DIRECTOR

PARTICIPANTS

PROJECT
TIMETABLE

Fact SHEeT NumBER l*

To demonstrate the technical and econmomic feasibility of
using locagl geothermal waters for space and water heating.

Tne'Totbett-ﬂutchings-Smith (T-H-S) Memorial Hoépital in .
Marlin,)Texes. Marlin is 30 miles'southeast of Waco.

'A well will be driiled to a depth of about 3,400 feet into

,{:the Trinity sands which. contain water of about 150°F.

J g ed on-the’ experience’ of nearby wells, this water should
£ o

w- under artesian pressure at about 200 gallons per min-
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 remain in a

;closed system from production through disposal.

* U. S Department of Energy ' $436, 800
* Texas Energy Advisory Council 75,000
¢ T-H-S Memorial Hospital 33.600
* City of Marlin 11,600
* Central Texas Savings and Loan Assn. 100,000

. Total $657,000

"J. D. Norris, Jr., T-H-S

Hospital Administrator

 ‘ Radian. COrporation, Austin--Overall geothermal con-
sultant, engineering design, geochemical analysis,
system installation, technology transfer, public
awareness and environmental analysis.

'°fLayne 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.

'}ﬂSpencer Associates, Austin--Architectural overview

* W. M. Parrish, Jr., Marlin--Accountant

¢ Jack Welch, Marlin--Attorney

» Marlin Chamber of Commerce--Community coordination

Start Complete

* Prepare environmental report 6/78 8/78
¢ DOE review and environment ; '

consent 8/78 1/79
* Preliminary design 11/78 8/79
« Drill and test production well 4/79 6/79
¢« Final design 10/79 12/79
* Construction 2/80 7/80
« Project acceptance test 7/80 8/80
* User attraction and demon- -

stration 8/80 7/81

*This fact sheet is based on conceptual design and early plans.
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FREQUENTLY
- ASKED.

QUESTIONS
AND i

ANSWERS

OR
ORE

INFORMATION

Qa
A

QQ

Q-

Q.

‘A.

How extensive is the resource area? Ie it likely that thia _
progect will deplete the resource locally? S

This resource extend: over ( 1nrge dres of- Central
Texes. Heating takes place by deep circulation of
‘water in large cracks in deep ro¢ks. The aquifer
is not likely to bhe depleted since it receives new
water continuously from rainfall ;n& tun-off ‘far to
the northwest of Htrlin.

Are other geothennal projecte planned fbr thia area?

Yes. A similar demon:trntion prpject hcs begu
funded by the U.S. Depnrtnent of Ehetgy to’ p:ovlde
spsce and vater heating for a hospita and @ ‘college
building in Corsicana, 70 miles morth of Marlin, A

‘district heating feasibility study £s being' cﬁnnidered

for downtown Marlin, - Several’ commercial’ aud institu~

~tional users are considering use cf va;er, ‘space heat-
-ing and’ 1udnscrial process heat. ConmercitL green=

houges " appear co be a patticulnrly n:trcceive ute.

jH’awmtll corroszon problzms be cbntrolted7

' Corrosion of ‘metal 1s best uolved by selecting :hote
‘metals that are immune 'to certain constituents in ‘the

geothermal fluid. The selectidn of materials for the

" 'heating system will be bused ou :est: conduc:cd in -

the vell wac:t..
What happens to the used geothermal uater?

‘Although this 1s the first tine :hece wnt!rc have
been used for spéce -and water heating purposes,

this same producing formation supplied hot mineral
baths for health spas which’ flourithed in Marlino
during the first half of the 1900°'s. -Although highly
mineralized, these geothetmal vaters ate still uged
for drinking purposes. Neverthele‘a. the project:
plans call for a closed systewm in vhich the water

"will not commingle with drinktng water or - ‘the existe~

ing heating ‘system. 'The disposal method will comply
with state regulations and, ~depending ‘on the- actudl
water quality, will be dispoaed ‘of either by injec-
tion into the ground via another vell or stream run-off.

Vhat are the economics of thts heating cyatem? -

‘One of the purposes of this project is to determine -
the economic feasibility of geathstnal enefrgy use

- in this part of the country. -~Based on ‘preliminary

calculations and very rough estimates, it sppears that
the system is competitive’ with pteqau: 1ntta-st¢te
‘natu:al gas prices.

_COntact J. D. Norris. Jt., Aduinitttncbr, T-Kﬁs Henottnl

Hospital, 322 Coleman Street, P.0. Box 60, Marlin, Texas'- -
76661, (817-883-3561).: As the project ptngresses. updated
fatt sheet: will be published.v'
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Marhn T- H S Hospltal Geothermal Pro]ect

Purpose:
Site: .

Méthod: |

Contributors:

Project
Director:

Participants: B

Project

Timetable:

Fact Sheet Number 2
- April 1980 '

| To demonstrate the technical and economic feasibility of using local geothermal

waters for s space and water heatmg

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 toa 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 ?'stem which uses a natural gas-fired boiler and heat
exchangers. Preliminary design estimates are that the geothermal system will
replace over 80 percent of the hospital’s annual natural gas demand. The
geothermal waters will remain in a closed system from production through
utilization, After the useful heat has been extracted, the spent fluid will be

. dxscharged via surface waters under the terms of a state dxscharge permit

-U.S. Department of Energy : ' v ' 3436 800
Texas Energy and Natural Resources Advisory Council 80,000
T-H-S Memorial Hospital - ~ 33,600
City of Marlin - ‘ 11,600

| | $562,000
J.D. Norris, Ir.,

- T-H-S Hospital Administrator

‘Radian Corporation, Austin — Overall geothermal consultant, engineering

design, geochemical analysis, system installation, technology transfer, public
awareness and environmental analysxs

Layne Texas Co., Inc.,  Dallas — Well design, drilling, completion, and
development.

Ham-Mer Consulting Engineers, Inc., Austin — Engineering deslgn 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 COMPLETE

¢ Prepare environmental report e 78 8/78
¢ DOE review and environmental consent 8/78 /79
¢ Preliminary design ' 12/78 12/79
® Drill and test production well 4/79 779
* Final design | _ 1/80 9/80
¢ Construction 11/80 4/81
* Project acceptance test 4/81 581

® User attraction and demonstration 5/81 4/82
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Frequently
Asked
Questions &
Answers:

For More
Informatmn'

Q.

>

How extensive is the resource area? Is it likely that this project will deplete
the resource locally? '

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. s

Areother geothermal projects planned for this areaP

Yes. A similar demonstration project has been funded by the U.S. 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 appeartobe a partlcularly
attractxve use. ,

How will corrosion problems be controlled?

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.

How much energy will be saved by this project?

Approximately 9.5 million cubic feet of gas per year w1ll be saved This is
the equivalent of 1700 barrels of oxl :

What happens to the used geothermal waterr" ‘

This is the first t:me 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 regulatxons set forth by the Texas Railroad Commission -

and other state agencxes ,

What are the economzcs of this heating system?

One of the purposes of this project is to determine the economlc 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 addmonal revenues.

Contact J.D. Norris, Jr., Administrator, T-H-S Memorial Hospital, 322 Loleman
Street, P.O. Box 60, Marlm, Texas 76661, (817-883-3561) As the project -
progrecses, updated fact sheets will be published.

*This fact sheet is ba.éed on current preliminary design and plans.
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T-H-S Memorial Hospital
(Geothermal Demonstration Project
. Marlin, Texas
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" Central Texas Region -

@ Trans-Pecos Region
Gulf Coast Region

Goothundlloglmhl‘m

B _Central Texas Hydrothermal Region

Source- o{ qeothormal miqy—-whlch u
literally ' heat from the earth—can be lound

.. throughout the :United States. This energy-
" exists in the form of hot water, dry steam, pres-

surized water and methane, or hot dry rock

formations, Some geothermal sources are close " B

" "Btu, “this. resource could provids energy for ... -

to the surface and thus easy to tap; o!hers an
less accessible,

Texas has three distinct qeoﬂxenml
The relatively unexplored Trans-| Pocos Reqlon

.- ‘underlies. a sparsely populated area-of far-
Weet.Texas. The Gulf Coast Region is made -
~ up of two- to three-mils deep-bands of high -

“ pressure-hot. waters which contain methane, or

natural gas.. It is the third region ~the. Central

. Texas Hydrothermal Region - ~that'is closest to -
commercial developmen

t. Although this region

Iachthohlqherhealandpremredthoother' .
*+ known geothermal waters occur in Marlin, a

two, s hot waters cah be tapped at shallow

depths using conventional water wells.. Sitting -

abovathemdelydhporndpockeudﬁn

. Central Texas resource is a region containing ;.. -
an estimated 4.5 million people living in a few

dthodatenhrqestcmesandhundndnd
smaller communities. -

;‘Marlm Famous Mmeral Water Spas

In an attempi to locate fresh water in 1691,
the City of Marlin drilled a well to a depth of
move - than - 3,000 feet.: They didn't' find any
fresh water but did tap two sources of hot
mineral-laden artesian water. At first the water
was discharged to the surface but soon the
City began using it for fire fighting and street
sprinkling and selling it to public bath housea
and a few private residences. Local citizens
who drank-and bathed in the water reported its
healing effect for a variety of allmenh from
rheumatism 1o skin disorders.

Stories of the mineral water cures opmed
throughout the: state and even the nation. By
the late 1890s a flourishing health spa business
aftracted trainloads of tourists and patients -
the latter often arriving on stretchers and

. crutches. At its peak in the. lm Marlin was

the permanent training site of the New York
Giants and a fashionable, resort.. It supported

‘a prosperous industry of hotels, clinics, bath
. rooms. This industry .

houses, and boarding
had all but disappeared shortly after the sscond
world war as America’s fascination with mineral
baths was replaced by the advent of the so-

. called “wonder drugs.”

By the mid-1970s, the architectural reminders.
of Marlin's heyday were still in evidence but

* the mineral baths were no longer a. commer-

cial attraction. However, with energy shortages
and rapidly increasing prices for oil and natural
gas, community interest in the “hot mineral.
waters” was revived —this time as a potential
energy source for space and water heating.

7

lt W ec!imated thnt Iho Cenml 'ram @eo-
thormal resources could up to one-
fourth of a: quadrillion British Thermal Units
{Btu) of heat energy annually by the year 2000. -
Atthough smali compared o the nation's an-
‘nual ‘energy appetite of about 80. quadrillion

space and water heating at many sites, Green-

" house - heating and industrial' processes are
other possible uses for this resource. - :

Geologically, the Cantral Texas rescurce h o

believed fo be caused by hot waters from deep
within. the earth circulating through: cracks
-created by ‘a fault line (shifting in the earth’s

- crust). These waters come in contact. with shal-
“low water reservoirs and in-a few places, the

- pressure is sufficient fo bririg the ‘water to the .

- surface. In the Central Texas region the hottest. -
ranching and farming community (county seat) .

““ it Falls County. The 155°F-water temperature .- ..

: makes Marlin an ideal site for commercial geo-

: 'vfﬁmlmdwelopmen!

Mojestic Hotel and Spa in the mid 1950s.
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'I'-H-S Project: Background:

The'l'orbeﬂHutchmqumuh('l'HS)Mm

ial Hospital is the first institution in Marlin to -

benefit from revived interest in the local hot
water resource. The hospital's origin dates
back to the early 1900s when, as the Torbeit

. Clinic, it used the hot mineral waters as a sup-
plemental treatment for as many as 40,000
patients a year.

The clinic was relocated, modernized, and
later renamed. By the mid-1970s, the 130-bed -
hoepital, like many other natural gas :users, .
began using energy conservation. measures
and searching for other means of reducing -
soaring gas costs. Aware of the resource be--
neath them, hospital and civic leaders, together :
with a team of contraclors and consultants,
applied for funds from the U.S. Depariment of
Energy and the Texas Energy and.Natural -
Rescurces Advisory. Council. Working through

" nutural gas by 8S percent.

- T-H-8 Project: Facts and Figures

. and water heating.

- Hospital in Marlin, Texas.

 Resource: Under artesian- pmsura. the 3900-
. Toot production well yields 75 gallons per min-
.-ute. (gpm) of 140°F water from the Hosston
Formation. With the addition of a large pump,
the well can produce up to 600 gpm at 155°F.
Eanvironment: The geothermal waters remain

in a closed system from production to disposal-
yielding their heat through a series of heat

Bl determined that the fluids could be discharged
to surface waterways without an unacceptable
impact on the environment. -

- Economice: It inestlmatedthuﬂhecosho“he
production well, engineering, and construction
will be offset by natural gas savings in 11-14
years. This payback period is a result of the

was completed in late 198]. Preliminary start- -
up ftests during the winter of 1981 ~ 1982 indi- -
cate that the use .ol gecthermal energy will
reducs. the hospital’s annual consumption of

B Purpolu To. demonstrate the technical loasl- :
| 'bility of using geothermal energy for space .

Stte: The Torben-Hutchmgs-Snmﬁ Memorial

exchangers. A thorough environmental study-

ploneering nature of the project and the hos-
pital’s non-profit status. For a similayr commer-
cial geothermal project, taking advantage ol
tax incentives, the payback could be reduced
to less than five years.

Participants
T-H-8 Mamoriel Hosputel, Morkn - :ﬂ"l:dmmw
lll wdl.aw nmqsamm

f Mﬂ“mv lmulsm
A::-y&nd.

Autin
City ot Matkn ~ Funding $ 5,000

Dodiaa Cocposation, Austn

pormits, and public ewsrenes
Layns Tests Compeny, Dalles = Wall drillng and completion

Ham-Mor Concubing Raginoses, hwlmb- energy conssrvebon
e, Aumin construction coordinalion

Spencer.& Amocistes, Aushia M&waﬂw
Lochridge-Priedt, Inc., Waco ~ Symem consiruction
Conical Toss Savtnge & Lo Sponsor
Jack Welch, Markn - Lagal advisos
Willism Parciah, k., Mockn - CPA
= Coorchoation

Mnslin Chawber of Comamorve

180,000 ‘
160,000~ "'
elected state and federal representatives, the 140,000 Y
hospital obtained $821,600 in federal and g
- $81,500 in ltat: funds and a loc;{lAlrom the 120,000~7 - . : !
Farmers Home Administration (FmHA) to help - #
cover the cost of the project. The objective is ﬁ"‘“:l' 100,000~ Projections >
to demonstrate the technical feasibility of using ~ ~afre) Gacthermal System *
a geothermal. resource to ‘meet the hospital’s - Bill 80,000~ g
space and water heating needs. ® e AT
Environmental assessments and preliminary 60,000~ LT e ;34’ T i
design work were begun in 1978; a production ‘ V<
well was drilled and completed in the spring 40,0001 . 3wl -+ Geothermal System
of 1979. Construction to link the geothermal - - - A S
system to_ existing space and water heating 20,000 \_,_.-.-.--"'
systems through a series of heat exchangers

of Natural Gas

Natural Gas Costs Savings for T-H-8 Mamorial Hospital
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Geothermal Heating System Diagram

 Ater yielding some of ita hest for the hoepttal's -

hot ‘water’ supply, - the geothermal water

' . ‘space heating. Although the entire primary heat- ...
- ing clram;nujaddud to ‘the -hosptial’s heating
. .sywtem during the project, the secondary heating .-

ciroutt and ductwork already existad and required

. ‘adynuml?u&lnbﬂnwoﬁmlm.

ﬁﬁﬁ.h&-ﬂ.“l.& Noeris, Jr.,. Adminisivetor/P.O. MQIM;ATIMI /(817)083-3561 . -

:About the Front Coverp

-Hotqeoﬂnrmel waters from the Hoeston Formation -

of the Central Texas Hydrothermal Region provide
heat for the T-H-S hoepital. The-Hosston waters

.. are heated by ‘deeper, hotter water that-migrates
. up-through- a fault system to the shallower

formations. Near.-the hoepital a 3900-foot well

. gsplﬂmhdwam







APPENDIX G:

ENVIRONMENTAL MONITORING BIOLOGICAL AND CHEMICAL
LABORATORY ANALYSIS RECORDS
Tables G-1 through G-4 contain the results of plankton

and periphyton sample indentifications. Tables G-5 through
'G-8 are all the chemical laboratory analysis results.
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TABLE G-1. CITY PARK LAKE PHYTOPLANKTON, 29 JULY 1983

Genus Units/ml
Palmellococcus 2700
Merismopaedonin ‘ ' 1100
Tetraedron lunaris 1700
Cyclotella 2100
TABLE G-2. CITY PARK LAKE PHYTOPLANKTON, 5 NOVEMBER 1982
Genus Units/ml
Chlorococcus 2400
Raphidiopsis 2600
Cyclotella 2100
Navicula 63
Stauroneis 85
Fragillaria 85
Diplopeis 43
Closterium 43
Irachelomonas 21
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TABLE G-3. PERIPHYTIC COMMUNITIES, ABOVE CITY PARK LAKE
5 NOVEMBER 1982

Genus ‘ Units/ml
Enxszgmnxpha " abundant
stillnxnxin abundant .
ngnggg:ig ‘ common
Navicula common
Lyngbya common
Syndera . common
Bidulphia ' present
Gomphonema | present

TABLE G-4. CITY PARK LAKE PHYTOPLANKTON, 17 FEBRUARY 1983

Genus : ’ Units/ml
Shlorococcum : 1425
Amphipora : ; 14
Chlorogonium SR . 172
Microactinium - o 56
Raphidiopsis R 12
Phacus e 42
Cyclotella 2
Syndera | 28
Navicula o _ 14
Actinastrum ' 28
Diploneis f 14
. Tetrastrum 2
Cocconeis 2
Gonium 2
Netrium 2
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PAGE 1

RECETVED:

REPORT
T0

ATTEN

CLIENT
coMPANY
FACILITY

WAORK 1D
TAKEN
TRANS

TYPE
PO #
INV. #

(411

DR SAFDEAAEN

03/05/84

Robert Wallace/Fyved Blood

fnalytical Serv REPORT
03/07/83 15:14: 29

PREPARED Radian Analuytical Services

LAB & 82-0u-021

Radian

BY 8501 MoPac Blwvd,

Building 7

P.0. Box 9948

Robert Wallace

ustin, Texas 787466 CERTIFIED BY

ATTEN

MARLIN GEO
Marlin Hospital

PHONE (512) 454~4797 CONTACT CONOVER

SAMPLES _2

Geoithermal well

Mau sarples

Duplicate of report of 06/28/82.

w/5/82

hand _carvied

geothermal well

n12-300-27-01

42000071

SAMPLE IDENTIFICATION

01 Inflow

Analytical Serv TEST CODES and NAMES used on this report
CL YA _Chloride

02 Marlin i ake

COD A_ Chemical Oxygqen Demand

NPDMET NPDES metals ICPES
ONG A Oil_and Grease

804 NA Sulfate

TDS A _ Total Dissolved Solids




ER LAEDRLALN ) S o
PAGE @~ conmoRAmon Analytical Serv REPORT ~ LAB # 82-09-021
RECEIVED: 05/05/82 | RESULTS BY TEST
CTESTCODE 1 Sample 01 Sample 02 :
'E»defau¥t units E (entereq units)  (entered units) :
i CL_TA | b 138 }
' mg/L ¢ - H
{ COD_A T sl B3 :
i mg/L ! : _ :
i ONG_A R ND ~ND }
P omg/L o o o _ 7 5 ;
i S04 NA i 2060 436 | |
! mgsi . , ‘ f . : . :
i TD5_A i 4042 1849 | |
myg /L. '

€0€ |
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PAGE 3 finalytical Serv REPORT LAD & 82-09-021
- RECEIVED: 05/05/82 RESULTS BY SAMPLE
SAMPLE ID Inflow FRACTION Q1B  TEST CODE NPDMET NAME NPDES metals ICPES

DATE -ANALYZED 05/10/82 VERIFIED BY DLH

Part B Metals Part ¢ Metals Part C Metals

Analyzed by ICPES Analyred by ICPES Analyzed by AA

CODE METAL RESULT CODE METAL RESULT CODE METAL RESULT
Al Aluminum L0704+ AG Silver <. 002 AS Arsenic £. 003
- BaA Barivm ____ .19 BE Beryllium <. 0005 HG Mercury 4. 0002

B Boron __ | 2.4 CD Cadmium <. 001 PB Lead L 005
-C0O Cobalt L. Q08 CR Chromium <. 001 Sé Selenium ____ <. 003
§. FE Iron . 59 cu Copper <. 001 . TL Thallium . 003

‘MG Maguesium 34 NI NMickel €..003 8B Antimony <. 003
MO Molybdenum <. 002 M Zinc 017
MN Manganese _ . 0O36 |
SN Tin <. 120
TI  Titaniuwm ___< 005

- NOTES AND . DEFIN1TIONS FOR TH1S REPURT.

All vesults reported in ug/ml unless otherwise specified.
NA = not analyzed
»

=;lessithanv5_$imns the detection limit. .
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- RMEDIAR .
PAGE 4 | conpoRamon - -Analytical Serv REPORT LAB # B2-00-021
RECELVED:- 05/09/82 - RESULTS BY SAMPLE
- GAMPLE 1D:Marlin Lake - FRACTION Q2B ~ TEST CODE-NPDMET NAME NPDES metals ICPES
DATE ANALYZED 05/10/82 VERIFIED BY DLH
Part D Metals Part C Metals Part C Metals
Analyzed by . ICPES ‘ - :Analyzed by ICPES - Analyzed by AA
CODE . METAL.  RESULT CODE METAL RESULT ‘CODE METAL RESULT
AL Aluminum . <.050 - a6 Silver __<.003 AS Arsenic ___ <. 003
BA  Bariom 14 | BE  Beryllium __ <, 0005 O we Mercurg £, 0002
B - . Boron f*“.91 o (o I Cadmiuvm ___< 001 PB Lead ___ 007
co ;¢9§a1t\)‘x’c.0054_ _ ~__ CR-  Chromium <. 001 SE - Selenium ___ <. 003
FE ,f‘f ;Iran ) k .20 ' ‘ i “CU . Copper __£. 001 - T Thallium ___ <. 003
MG Magnesium 17 NI Nickel <. 003 SB  Antimony __ < 003
MO Molybdenum __ < 002 ‘ . IN Zinc <. 003 | |

MN - Manganese _19

SN Tin ___<.120
TI  Titanium __ <. 005

" NOTES AND DEFINITIONS FOR THIS REPORT.

"All vesults reported in -ug/ml unless otherwise specified.
NA = not analyzed : , ‘
# = less than % times the detection limit.
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PAGE 1 Analytical Serv REPORT - LAB & 82-07-122
RECEIVED: 07/30/82 08/23/82 11:44:41

REPORT Robert Wallace/Fred Blood PREPARED Radian Analytical Services

TO Radian BY 8501 MoPac Blvd.
Building 7 P. 0. Box 9948
Austin, Texas 78746 CERTIFIED BY
ATTEN Robert Wallace -ATTEN
v PHONE (512) 454-4797 . CONTACT CONOVER

‘CLIENT MARLIN GEOT _ SAMPLES _2

COMPANY Marlin Hospital
FACILITY Geothermal well

WORK ID Jul am

TAKEN 7/82
TRANS Hand delivered
TYPE _gqeathermal well

P.O. & 212-300-27-01

INV. & 82000244
w
o . .
o GAMPLE IDENTIFICATION Analytical Serv TEST CODES and NAMES used an this repart
Q1 Sample L—-2 Marlin Lake CL_TA Chlgride
02 Sample 1-2 ICP 40 Complete ICPES Analuysis

‘804 _NA Sulfate
DS A Total Dissalved Solids
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PAGE 2 . - Analytical Serv -REPORT LAB # 82-07-122
:RECEIVED 07/30/82 St RESULTS BY TEST_
\TEST CODE | ~Gample 01  Gample 02

l default uni i genge:eg gnxts) (enge:gg gnitg)

i CL_TA R 1 ) I 370

1 mg/L H

1 S04 NA o - 1280 1910

{ mg/L ! ' 5

i TDS_A i 2880 3320

: mg/L. B




PAGE 3
RECEIVED: 07/30/82

- SAMPLE ID Sample L-2 Marlin Lake

- DATE ANALYZED 08/14/82

CODE METAL RESULT
AG ‘Silver __ M. 002

AL Alﬁminum ___0.140

. A8 Arsenic <. 003
AU ‘Gold NA

B Baron 1.9

w BA Barium 0 12
® 'BE  Beryllium __< 0005
"BI - .Bismuth | NA

- GA Calecium 150
¢d  Cadmium <. 002

co . Cobalt <. 004
CR. - Chroaomium <. 001

Ccu Copper <. 001

FE - Iron 0. 030

: NOTES ‘AND . DEFINITIONS FOR THIS REPORT.

All results reported in
NA = not analyzed ’

. Analytical Serv

~REPORT

-RESULTS BY SAMPLE

" CODE

HG

IN

LI

- MG

‘MN

- MO
NA

NI

PB

PT

- S8

ug/ml unless otherwise specified.

METAL
Mercury
Indium

. Potassium
Lithium
‘Magnesium
Manganese
Molybdenum
. Sodium

Nickel

Phosphorous

Lead

- Platinum

- Sulfur

Antimony

# = less than 5 times the detection limit.

RESULT

£.0002

<.03
NA

<. 003

LAB # 82-07-122

- VERIFIED BY DLH.

. CODE - "METAL
SE Selenium
.81 Silicon
SN Tin

SR Strontium
-TE ~ Tellurium

TI Titanium

TL Thallium

Uranium

v Vanadium
W Tungsten
Y Yttrium

- IN Zinc

FRACTION Q1A  TEST .CODE ICP 40 NAME Complete ICPES Analysis

RESULT
—-X.003
6.8

<. 12

<. 001

<. 10

<. 005
€..002

<. 06

<. 003

<. 03
5,002
<. 003

NA

NA




- PAGE 4
- -RECEIVED: 07/30/82

el

A~

kY iisdakind
. CORPORATION

SAMPLE ID Sample I-2

CaDE
AG
AL

AU
B
BA

60¢€

BE
BI

cA
.cp

co

.CR .

cuy

FE

#nalytical Serv

REPORT

-RESULTS BY SAMPLE

- METAL

Silver
Aluminum
‘Arsenic

o Gald

-Boron
Barium

‘Beryllium

. Bismuth
=Calcipm

. Cadmium

- Gobalt

Chromium‘

Copper

“Ivon

" DATE ANALYZED  08/14/82

. RESULT
<. 002
0. 097

_£.003

_NA
20
__0.063
_<.0005
—A
170

<. 002

£. 006

X, 001

<. 001

0.019

CODE
‘HG
IN

LI
- M6

CMN

MO
- NA

NI

.. PB

CPT

- 6B

NOTES .AND. DEFINITIONS FOR THIS REPORT.

All_resulﬁs reported in

NA =.no%t analyzed

-# = lagss than 5 times the detection 1

- METAL
Mercury
‘Indium

Potassium
“Lithium
Magnesium
Manganese
Molybdenum

Sodium

"Nickel

Phosphorous

‘Lead

-Platinum

4Sulfur

.- Antimony

imit.

RESULT

—<. 0002

, <. 05

20
—%.001
29

<. 001
__<.002
00

—X. 003

NA
002
—x.03
NA

—X. 003

<ug/m1:un1ess otherwise specified.

LAB & 82-07-122

CODE
SE
81
SN
SR
TE
TI
TL

N

VERIFIED BY DLH

METAL
Selenium

Silicon

Tin ~
Strontium:

Tellurium

Titanium

- Thallium
Uranium-

Vanadium

Tungsten
Yttrium

Zinc

FRACTION 024  TEST CODE ICP 40 NAME Complete ICPES Analysis

RESULT

~—%.003
9.7
—%.12
<. 001

<. 10

— £.005

—X. 002

—_<.003

__<.002

£.003

NA

_NA
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PAGE 1 Analytical Serv REPORT LAB & 82-11-063
RECEIVED: 11/07/82 11/23/82 09:37: 52
- REPORT Robert Wallace/Fred Blood PREPARED gad}an Analytical Services o, .
TO Radian BY 8501 MoPac Blvd. A/ ([
Building 7 P. 0. Box 9948 Cro -
Austin, Texas 78764 CERTIFIED BY
ATTEN Rabert Wallace ATTEN Guy M. Crawford v
~ PHONE (512) 454-4797 CONTACT CONOVER
CLIENT MARLIN GEOT SAMPLES _2

COMPANY Marlin Hospital
FACILITY Geothermal well

WORK ID Novembevr samples
TAKEN

TRANS hand carried

TYPE _qeothermal well
P.O. # 212-300-27-01

W INV. # 94 _

) SAMPLE IDENTIFICATIGN Analytical Serv TEST CODES and NAMES used on this report
01 Marli CLL.TA Chloride
02 Marlin ogtfall ICP 40 Complete ES Analysis

TDS A _ Total Dissolved Solids




PAGEZ
RECEIVED: 11/07/82

- Analytical Serv ~ REPORT.

RESULTS BY SAMPLE

LAB # 82-11-063.

\ SAFFLE 10 Marlin Lake

(LTA____ 181 TOSA

1
L
H mg /L.
!

SAMPLE & 01 FRACTIONS: A.B

1930

- mg/fl

IT¢
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PAGE 3
RECEIVED: 11/07/82

SAMPLE ID Marlin Lake

Analytical Serv

REFORT

RESULTS BY SAMPLE

DATE ANALYZED 11/17/82

CODE METAL RESULT
AG Silver __ < 002
AL  Aluminum 0. 055%
AS Arsenic ___< 057
AU Gold ____ < 03
B Baren 0. 66
w BA Barium <. 001
N BE Beryllivm __< 00035
BI Bismuth . <. 08
Ca Calcium . -]
Ch Cadmium 002
co Cobalt <. 006
CR. Chromium | 'g,go1
cY Copper  ___< 001
.FE Iron __ 0.095

CODE
HG
IN

K
LI
Me

"N .

MO
NA

NI

PR
PY

€B

NOTES AND DEFINITIONS . FOR THIS REPORT.

All results reported in .
NA = not analyzed

FRACTION Q18

METAL

Mercury

Indium

Patassium.

Lithium

Magnesium

Manganese

Molybdenum

Sadium

Nickel

Phosphorous

Lead

Platinum
Sul fur

Antimonq

. ug/ml unless otherwise

* = Jess than 9 times the detection limit.

()

RESULT

specified.

LAB # 82-11-063

TEST CODE ICP 40 NAME Complete ICPES- Analysis

CODE

VERIFIED BY DLH

METAL

Selenium

Silicon

Tin
Strantium
Tellourium

Titanium
Thallium

Uranium
Vanadium

Tungsten

Yétrium

Zinc

RESULT
<. 084
4.2

N % 1




PES mnalytical Serv  REFRT LAB & 82-11-063
RECEIVED: 11/07/82 | RESULTS BY SAMPLE
{"SAVPLE 10 Harlin ogtfall _ GATPLE & 02 FRACTION. A.B :
1B
GOLTA_ 20 TSA_ 410 :
. mg/L - mg/h H
: q

19 § 3




PAGE- 5:
RECEIVED: 11/07/82

SAMPLE. ID- Marlin outfall

Analytical Serv
RESULTS BY SAMPLE -

DATE ANALYZED 11/17/823:

cone METAL RESULT CaDE METAL
AG Silver <. 002 HG Mercury
AL Aluminum <. 050 IN Indium
AS Arsenic - <. 057 K Potassium
AU Gold <. 03 LI Lithium
B Boron 1.9 MG Magnesium
w BA Barium £ 001 MN . Manganese
> BE Beryllium __< 0005 MO Molybdenum
BI Bismuth <. 05 NA Sodium
CA Calcium. 240 _ NI - Nickel
1043 Cadmium . 002 P Phaspharous
co Cobalt . 006 PB Lead
CR Chromium... <€..001 PT Platinum
Cu Caopper £. 001 S" Sulfur
FE ~ Iron. 0. 089 sB Antimong -

NOTES  AND DEFINITIONS FOR THIS REPORT.

All results reported in
NA = not analyzed
# = laess than 9 times the detection limit.

‘ug/ml unless otherwise

REPORT -

specified. .

LAB & 62-11-063

FRACTION 028 TEST CODE ICP 40 NAME Complete ICPES Analusis

CaOnE

VERIFIED BY DLH

METAL RESULT
-Belenium g!ga4,
Silicon iS5
Tin ___<£.12
"Strontium 5. 4.
Tellurium <. 10
Titanium: €. 00

Thallium <. 091 .
Uranium 0. 268%#
Vanadium £, 003
Tungsten ____<.03
Yttrium _ < 002

Zine . ___ £, 003
—F
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CORPORATION

PAGE 1
RECEIVED: 02/17/83

REPUORT Robert Wallace/Fred Blood

Analytical Serv REPORT
03/18/83 09:07: 01

PREPARED Radian Analutical Services

LAB # 83-02-A13

TO Radian

BY 850 oPac Blwvd.

Building 7

£.0. Box 9948

Austin, Texas 78766
ATTEN

CERTIFIED BY

ATTEN bert -Wallace

CLIENT MARLIN € n
COMPANY Marlin Hospital

PHONE (512) 454-4797 CONTACT CONOVER

SAMPLES _4

FACILITY Gegthermal well

WORK ID Februaruy samples

TAKEN 2-17-83

TRANS hand

TYPE _geathermal well

P.O. # 212-300-27-01

INV. # 3514

v; - SAMPLE IDENTIFICATION
. 01 Martin Lake

Analytical Serv TEST CODES and NAMES used on this report

CL._IC Chloride IC

02 Waterfall M1

EPAH20 EPA Water Digestion

03 sediment

EPASED EPA Sediment Digestion

Q4 fish

EPATIS EPA Tissue Digestion

ICP 40 Complete ICPES Analysis
804 I1C Sulfate IC

IDS A Total Dissalved Solids




b asibividsalnd
CORPORATION

PAGE 2 Analytical Sery REPORT LAB # B3-02-413
RECEIVED: 02/17/83 RESULTS BY TEST

1 TEST CODE v Sample Q1 Sample 02 Sample 03 Sample 04

f defauylt units : (entered units) (entered units) (entered units) (entered units)
y CL_IC | 237 290

! mg/L H

{ ERAH2D { 02/28/83 02/28/83

{ date completed ! o

 EPASED | . 02/28/83

{ date complete H

i EPATIS i | 02/28/83

{ date camplete H

1 904 IC i 1320 2290

{ mg/L {

i TDS_A l 2480 4430

f mg/L




Lz b alind

PAGE J
'RECEIVED: 02/17/83

- GAMPLE ID Martin Lake

Analytical Serv REPORT
- RESULTS BY SAMPLE

FRACTION Q1A  TEST CODE ICP 40 NAME Complete ICPES Analysis

LAB # 83-02-A13

DATE ANALYZED 03/01/83 "VERIFIED BY DLH

CODE

CODE. METAL  RESULT METAL  RESULT CODE METAL RESULT
AG Silver __ < 002 He Mercury . (.63 ‘ SE; Selenium <. 084
AL; Aluminum 0. 42 IN Indium <. 05 ‘ SI Silicon 6.9
AS  Arsenic ___< 057 K. Potassium _____ 10 ‘SN Tin _<. 12
AU \  901d e NA : LI - Lithium 0. .26 SR  Strontium 3.3

B Boron 0. 57 ' ME  Magnesium 19 TE Tellurium <. 10
BA Barium 0. 036 MN - Manganese 0. 11 TI Titanium <. 005
¥ 'BE . Beryllium <. 0005 MO MHMolybdenum <.002 TL Thallium €. 091
b BI Bismuth - <. 09 NA Sodium 520 u Uranium - <. 064
ca Calcium ___ 134 NI Nickel <. 003 vV Vvanadium- 003
CD Cadmium <. 002 P Phosphorous/, <. 18 W Tungsten £.03
co Caobalt <,006 PB Lead <. 084 Yttrium £..002
CR Chrgmiﬁm <. o001 PT  Platinum <. 03 N Zinc <. 003
CuU Coppér <. 001 =3 Sulfur 340 , NA
FE “Tron 0.20 'SB Antimony <. 032 o NA

NOTES AND DEFINITIONS FOR THIS REPORT.

All results reported in
NA = not analyzed ‘
# = less than 5 times the detection limit.

uq/ml unless otheruwise specified.
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CONRPORATION

PAGE 4 Analytical Serv REPORT LAB # B83-02-A13

81¢

RECEIVED: 02/17/83 RESULTS BY SAMPLE

SAMPLE ID Waterfall M1 FRACTION 024  TEST CODE ICP 40 NAME Complete ICPES Analysis
DATE ANALYZED 03/01/83 VERIFIED BY DLH

CODE METAL RESULT CODE METAL RESULT CODE METAL RESULT

AG Silver 0. 004#% HG Mercury <. 03 SE Selenium <. 084

AL Aluminum Q. 40 IN Indium <. 05 SI Silicon 14

AS Arsenic 2. 057 K Potassium 17 SN Tin <12

AU Gald NA LI Lithium 0. 93 SR Strontium 6.7

B " Boron 1.5 MG Magnesium a7 TE Tellurium . 10

BA Barium <. 001 MN Manganese 0.018 TI Titanium <. 005

BE Bergyllium <. 0005 MO Mulghdenum 0. 008# TL Thallium £. 091

BI Bismuth » <. 09 NA Sodium 1100 u Uranium NA

caA Calcium 280 NI Nickel __ O 004# v Vanadium <. 003

D Cadmium <. 002 P Phosphorous <. 18 W Tungsten <. 03

co Cobalt £..006 PB L.ead €. 084 Y Yttrium <. 002

.CR Chromium 0. 006 PT Platinum <.03 N Zinc <. 003

cu Copper 0. 001+ s Sulfur 700 ——NA

FE Iron 0. 18 sB Antimony <..032 NA

NOTES AND DEFINITIONS FOR THIS REPORT.

All results reported in vg/ml unless otherwise specified.
NA = nat analyzed

# = Jless than 5 times the detection limit.
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PAGE 3 S “Analytical Serv REPORT LAB # 83~02-A13

RECEIVED: 02/17/83 RESULTS BY SAMPLE

GAMPLE ID sediment FRACTION O3A  TEST CODE ICP 40 NAME Complete ICPES Analysis

DATE ANALYZED 03/01/83 ~ VERIFIED BY DLH
CODE METAL  RESULT CODE METAL  RESULT CODE METAL  RESULT

AG Silver 0. 030# HE Mercury <.03 S8E  Selenium <4.3
AL Aluminum 1200 | IN Indium < 05 SI Silicon 13
AS  Arsenic <. 50 K  Potassium 220 SN © Tin < 12
o Gold ____ NA LI Lithium 1.1 SR Strontium 62
B Baron. ____0.83 MG Magnesium 510 TE  Tellurium ; <. 10

L BA Barium 34 MN  Manganese 110 1 Titanigm 3.4

= T , :

© BE Beryllium <. 005 MO Molybdenum 0. 39 TL Thallium <. 21
BI Bismuth <. 05 NA Sodium 740 u Uranium ___ NA
Ca ‘Calcium 22000 NI Nickel 2.9 v Vanadium 4.5
cD Cadmium 0. 59 P Phosphorous 190 W Tungsten £. 03
CO - Cobalt 1.4 PB Lead 84 v Yétrium <. 002
CR  Chromium 4.0 PT Platinum <. 03 IN - Zinc 51
cuU Copper b 7 8 Sul fur 1800 L —__NA

FE Iron 2700 8B  Antimony <3.2 NA
NOTES AND DEFIMITIONS 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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RECEIVED: 02/17/83

SANPLE ID fish

LAB & 83-02-A13

FRACTION 04A  TEST CODE ICP 40 NAME Complete ICPES Analysis

- DATE ANALYZED 03/01/8 . VERIFIED BY DLH

668/690-9Y9-€861 301440 ONILNIBJ LINIWNH3A0D 'S'N &

- CODE

'RESULT CODE - METAL RESULT CODE. ‘METAL - RESULT
AG Silver < 02 HG Mercury <. 03 SE Selenium <1.7
AL  Aluminum 7.0 IN Indium <. 05 81 -Bilican 7.2
AS Arsenic <5 K Potassium 1600 eN -  Tin <12
AU " Gald NA LI Lithium <. 009 SR Strontium 25
B ‘Boron <.18 - MG Magnesium 270 TE Tellurium <. 10
o BA Barium <. 012 MN - Manganese 7.7 TI Titanium <. 10
8 BE _Beryllium <. 010 MO Molybdenum <. 040 TL Thallium <. 18
BI Bismuth €. 05 NA Sadium &30 u ‘Uranium NA
CA Calcium 200 NI - Nickel <. 060 -V Vanadium ___ O 16%
CD Cadmium <;040 ‘P Phospharous 4200 W Tungsten <.03
co Cobalt €. 12 PB Lead <1.7 i 4 . Yttrium <. 00
" CR - Chromium <. 020 PT Platinum <. 03 ZN Zinc 25
cu Copper Q. 53 s Sulfur ___ N/A e NA
FE Iron - 49 'SB Antimony ____ <. &4 — NA

METAL

All results reported in
NA = not analyzed
# = less than S times the detection limit.

- NOTES AND DEFINITIONS FOR THIS REPORT.

ug/ml unless otherwise specified.
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