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Purpose of Project 
i 

v 
In order to develop a more complete picture of the magnitude of i 

manpower involvement and manpower needs of industries associated w i t h  

W 
energy production the Department of Energy has funded a number of manpower 

assessment projects. The Human Resources Institute a t  the University of 

. 

Utah was requested by the Division of Manpower Assessment -- Department E 

1 
I 

Y of Energy t o  conduct a manpower assessment of the geothermal industry 

which is to be used as a component i n  developing a national information 

system on energy related manpower. The specific purposes of this project 

were to conduct a base line estimate of the manpower involved i n  the 

industry, t o  determine i f  there is a likely shortage of particular skills, 

and t o  forecast future employment i n  the geothermal .industry. 

! 

V 

U' Summary 

Mail Survey 

During 1978, 1527 public and prIvate organizations were surveyed to  

w determine i f  they had any employment i n  geothermal activities dur ing  1977. 

T h i s  number represented what we considered t o  be the potential universe 

Y 

v 

of government agencies, educational institutions, and private firms. 

However, 421 of these organizations responded t h a t  they were not involved 

i n  the geothermal industry i n  1977. O f  the remainder the postal service 

was unable to  deliver 122 mailings, 463 were nonrespondents, and of the 

521 that indicated they were involved i n  the industry 448 provided manpower. 

estimates of which 307 were i n  the private sector. 

Geothermal manpower is highly concentrated i n  the industry. 

twenty largest employers responding to the mail survey accounted for 

The 
w 
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private sector the fourteen largest firms accounted for 50 percent o f  the 

measured empl oyment. 

Research and development activit ies involved 25.8 percent of a l l  

measured manpower i n  the mail survey. The highest concentration of 

R & D manpower (13.1% of the t o t a l )  is i n  the resource exploration 

and assessment activity, which i t se l f  accounts for nearly one t h i r d  of 

a l l  estimated employment. 

The ratios of geothermal t o  to ta l  employment for the different 

types of organizations were quite low. 

are generally peripheral t o  other major activit ies for most of the 

In other words geothermal activ 

organizations. The text contains discussion on the problems w i t h  su-ch 

a measure, b u t  i t  is significant t o  note t h a t  the r a t i o  i n  the private 

sector is only .23 percent. 

7 // 
/- 

t ies  

As a second p a r t  of the mail survey we compiled another mailing l i s t  

from the in i t i a l  respondents which received another questionnaire designed 

t o  gain more occupationally specific information. 

result from t h i s  mailing was t h a t  59.3 percent of a l l  employment measured 

The most interesting 

i n  the final survey was i n  the scientist and engineers occupational 

category. 

Personal Interviews 

The main purposes of the personal interview phase were to  seek out  

information on current o r  potential occupational bottlenecks and on 

particular manpower requirements for bringing a power plant on 1 ine. 

Thirty -five firms were interviewed from October of 1978 through February 

of 1979. 

There was substantial evidence of scarcities of geologists, 



geophysicists , reservoir engineers, environmental engineers, and dri l l  

rig personnel. 

of the undesirable characteristics of the j o b ,  bu t  the others were viewed 

Drill r i g  personnel appeared t o  be a problem because 

as i n  short supply because of strong demands on a national level. 

There d i d  not appear t o  be specific occupations which were viewed as 

unique t o  the geothermal industry. The current trend is for  modifi-  

cation of existing skills and orientation t o  the unique characteristics 
< 

o f  the geothermal resource. 

The occupational profiles and forecasting information gathered i n  

the personal interviews formed the basis for the forecasting model. 

some areas the information was not complete and other sources were relied 

In 

upon. 

Manpower Forecast 

Since direct use activit ies i n  the industry are extremely undefined, 

we have based our forecast on the more identifiable segment of the industry 

which i s  concerned w i t h  electrical energy production. The basis for the 

forecast is the electrial energy o u t p u t  as projected i n  the Interagency Geothermal 

Coordinating Council I s  1979 Annual Report. Our approach was t o  construct 

wha t  we believe t o  be the minimum and maximum requirements for br inging  a 

standardized 50 We power p l a n t  on line and then t o  apply these requirements 

t o  the IGCC's scenario. 

necessary since i t  i s  highly speculative t o  assume tha t  manpower require- 

ments thus fa r  experienced will apply to other development s i tes  because 

o f  the heterogeneous character of the geothermal resource. The following 

figures summarize the forecasting results first for employment which will 

be attached directly t o  activities for commercial production of electricity 

The use of a standardized power p l a n t  was 
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and second for  the addi t ional  employment tha t  will be generated i n  the 

industry which is not  directly connected w i t h  si te-specific act ivi t ies  

(e.g., research and development and legal services) or  is  related to  

si te-specific act ivi t ies  other t h a n  commercial electrical energy produc- 

t i o n  (e.9. , space heating). 
( 

Employment Resulting Directly from 
Commercial Electrical Enersy Production 

Net Employment Gains 1980 - 1985 (new hires1 
Mi n i mum Maximum 

11,802 32,339 
Net Employment Gains 1986 - 1990 (new hires) 
Minimum Maximum 
37,073 101,482 

Net Employment Gains 1980 - 1990 (new hires) 
Minimum Maximum 
48,875 133,821 

Net Employment Gains 1980 - 1985 (new hires) 
Minimum Maximum 
18,883 51,742 

Net Employment Gains 1986 - 1990 (new hires) 
Minimum k x i m u m  

59,317 162,371 
Net Employment Gains 1980 - 1990 (new hires) 
Minimum Maxi mum 
78,200 21 4,114 

We have also forecasted the manpower requirements for each occupa- 

tional category. These are presented bn pages 1-6 through 1-12. Note 

that these occupations are a mixture o f  manpower requirements a t  the 



Y 

development s i t e  and for supporting services. 

present the requirements i n  this manner because of the nature of the 

information which we were supplied, especially i n  the personal interview 

I t  was necessary t o  
U 

phase. 

Tec hnol ogy Assessment 
w 

The Delphi technique was used i n  conducting this par t  of the study 

during 1978. The essential conclusion i s  t h a t  technology must advance 
V 

i n  several areas i n  order t o  expand u t i l i za t ion  o f  the resource. The 

basic impetus a t  this p o i n t  seems t o  be i n  demonstrating commercial 

U feasibility by small demonstration plants and i n  concentrating on 

lowering d r i l l i n g  costs. Howevert our results d id  not indicate an 

a i r  of optimism for highly significant breakthroughs b u t  rather pointed 

toward a slow b u t  steady advance. Therefore, i t  does not appear t h a t  an 

unanticipated surge i n  manpower demand will result from rapid application 

of new technology. 

I 

W 

Y Conclusions 

The geothermal industry can be quite aptly described as an in fan t  

industry i n  a developed economy. I t  has been characterized by a large 

w number o f  institutional technological , and market uncertainties. B u t  

there is stfll a small segment of the industry which is well established 

because of long-term involvement a t  development s i tes  i n  California 

(especially a t  The Geysers i n  Northern California and a t  Imperial 

Valley i n  Southern California) and this segment forms a rather stable core 

of continuous activity. 

Y 

Y Most of the remainder o f  he industry i s  composed of firms o f  al l  

sizes which are only marginal1 attached. Many o f  these firms are also Y 
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RESOURCE EXPLORATION AND ASSESSMENT 

Derived Employment Estimated from Forecasted Growth 
1980-1985 1986-1990 1980-1990 Sumned Total of Individuals from Forecasting Coefficient 

(percent) llMX Sarveged F i m  and Project Independence m& 

1338 
1802 
208 
85 
85 
42 

460 

42 
42 
126 
167 
460 

42 
85 
42 
378 
252 
419 

167 
85 

3.61 427 1167 32 
43 4.86 574 1572 
5 .56 67 181 

.23 27 74 
2 .23 27 74 
2 

1 .I1 13 37 
Subtotal 83 

Scient-.&s/Engineers 

Geophysicist 
Geochemist 
tlechanial Engineer 
Drilling Engiaeer 
Petroleum Enbineer 

Geologist 4831 
6504 
749 
308 
308 
154 

3664 1764 
4932 2375 
568 274 
233 112 
233 112 
116 56 

147 401 

13 37 
13 37 
40 110 
53 146 
147 401 

1258 606 1659 Administrative Hanagewnt/Clerical Subtotal 11 1.24 

1 
1 

.I1 

.I1 

.34 

.45 
1.24 

Specialized tlanagemnt 
Contracting/Purchasing 
Financial Analyst 
Accounting 
Legal 
Land Management 

116 56 
116 56 
345 166 
457 220 
1258 606 

154 
154 
455 
602 
1659 

154 
308 
154 ' 

1365 
910 
1512 

Technicians 
Engineering Technician 1 I6 56 

233 112 
116 56 
1035 499 
690 332 
1147 552 

-11 
.23 
. I1  
1.02 
.68 
1.13 

.45 

.23 

13 37 
27 74 
13 37 
120 330 
80 220 
133 365 

1 
2 
1 
9 
6 

10 
29 
- 

Others 
taborers 4 
Truck Drivers 2 

Subtotal a 

CGputer Analyst 
.Data Processing 
Draftsman 
Exploration Technician 
Environmental Technician 

Subtotal 

53 146 
21 74 

457 220 
233 112 

602 
308 

. . . . . . . .  .- ... . . _ .  . . . . . . . . . . . . . . . .  . -__, . - . . . .  -. ... -. . . . . . .  

. . . .  ., , 
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DRILLING 

Derived New Employment Estimated from Forecasted Crwth 
1980-1990 Stmuued Total of Individuals from Forecasting Caef ficient 1980rn85 1986-1990 

Surveyed Firms and Project Independence (percen t 1 n* nsx nr& 

Job Foreman 13 1.41 173 475 545 

Drilling Foreman 13 1.47 173 475 545 

Driller 24 2.71 320 876 1005 

Derrickman (Asnt. Driller) 29 3.28 387 I061 1216 

Hotoman 4 .45 53 146 167 

Pipefitter 4 .45 53 146 167 

Welder 2 .23 27 74 85 

Crane Operator 1 .ll 13 37 42 

Truck Driver 2 .23 27 74 85 

12 1.36 160 440 504 Lahotcr - 
Totbl 104 

/' 

. . . -  *- * .- 

I 

1492 718 

1492 718 

2150 1325 

3329 1603 

457 220 

457 220 

233 112 

116 56 

233 112 

1380 665 

__- - .  - .. . .. . .. .. . . , 

- .  

m n  

1967 

1967 

3627 

4389 

602 

602 

308 

154 

308 

1820 

h 
< 
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RESERVOIR FEED SYSTEH (Cons truction) 

c 

I 

a c 

1 Derived New Fhployment Entimated from Forecasted Growth 
Forernsting Coefficient 1980=B85 1986-1990 1980- 1990 i : Estimate from Project Independence (percent) . e r n z  * m> n& m> 

5 

Scientists /Engineers 
Hechanical Engineer I .  2 

Subtotal f Civil EnRinecr 

technlcians 
braftsnsn 2 .  
Ronte Sirrveyor 

Subtotal f i 

Field Supervision/inspection 
Forenan 
Innpector 1 

! 

, 

Skilled tabor 
belder 
Cncpenter 
Concrete Worker 
Dozer Operrtor 
Crane Operator 
Insulation installer 

Other 
Driver 

2 
3 

Subtotal 5 

6 
Subtotal 20 

- 
4 

Subtotal -6 

.23 ' 27 

.23 21 

.23 27 

.56 67 

.23 27 

.34 40 

.45 53 

.23 27 

.45 53 

.23 27 

.23 21 

.6b 80 

.45 53 

total k 0  

, 

. , . . . -- . . . . 

85 233 112 308 74 
74 85 233 112 3on 

112 308 74 208 85 568 233 274 149 
181 

I12 308 
I10 126 365 I 66  455 
74 85 233 

220 602 
85 233 112 308 14 

220 602 
t 4  85 233 112 308 
14 85 233 112 308 

220 252 690 332 910 

146 167 457 

146 167 451 

220 602 146 167 451 

. 



RESERVIOR FEED (optration/maintensncc) 

Derived &cnploynnnt Estimated from Forecasted Growth 
, Forecasting Coefficient imo-ign5 1986-1990 igno-iggo rns m> mI)x rs> 

i 
i Estimate from Project Independence (pe teen t ) 

Field Operator 2 

Foreman 1 

. ! -r . . . . .  . -  __-._ . .- .___... . ._.. . ._. ......_-........ 

. .  

.23 27 74 85 233 112 

.23 27 ’ 74 85 233 112 

, .23 27 74 85 233 112 

.11 13 37 42 116 . 56 

-11 13 37 42 116 56 

-11 13 37 42 116 56 

. . . .  . . . . . . . . . . . . .  ..... ... 

m!n 

308 

154 

308 

154 

3011 

154 

vi, 
\+ \ 



t 

c e &. t c d 
t 

Sanned Total of Individual8 from Forecastfng. Coefficient 
(percent) Survtyed Pims and Project Independence 

Scientists Engineers 
d B i n s e r  
Hechanicnl Engineer 
Civil Engineer 
tlectricnl Engineer 
Corrosion Engineer 
Processing Engineer 
Drilling fingineer 
Ceole@caL Engineer 
Reservoir Engineer 
Architect 
Archeologist 
Geologist 

11 
21 
12 
19 
1 

i 
5 
1 
I 

Subtotal 84 

CONSTRUCTION OF WWeR PLANTS 

1.24 
2.37 
1.36 
2.15 

. I1  

.34 
-11 
. t l  
.t1 
.56 
.I1 
.90 

1 Administrative Hanagcment/Ckical Subtotal 34 

2 

J 
27 

Srrbtotal 33 

22 
8 
4 
3 
1 
1 
3 .34 Technical Assistant - 

- 
Land Hsnngement 
Lawyer I Canptrollet 

1 Technicians 

i Saweyor 

i Pipeline Technican 

* Noise Polintion Technican 

Drn f tsmnn 

fnstrrllnent Tecbnicidn 

Air Qiality Technician 

I 

.23 

. I1  
* 34 

3.05 

2.49 
.90 
.45 
.34 
. ll  
.11 

. _- ...... . . . . . . . . . .  . .  .._-.... . . . . . . . . . . . . . . . . . . . . . .  
1- ... ..- --..... 

. _  . ,  

c 
I 

c 

Derived lsz Employment Bstfmnted from Forecasted Growth 
1980- 1985 1986-1990 1980- 1990 

m& 5 la& m s  ' lnz 

, 

147 401 460 
280 766 879 
160 440 504 
253 695 797 

13 31 42 
40 110 126 
13 37 42 
13 37 42 
13 37 42 
67 161 ' 208 
13 37 42 

107 291 334 

1258 
2405 
1380 
2182 

116 
345 
116 
116 
116 
566 
116 
913 

606 
1158 
665 

105 1 
56 

166 
56 
56 
56 

274 
56 

440 

1659 
3172 
1820 
2871 

154 
455 
154 
154 
154 
149 
154 

1204 

27 74 85 233 
42 116 13 37 

40 110 126 345 1491 166 4082 455 
360 986 1131 3095 

1217 3332 293 805 923 2527 
107 291 334 913 440 1204 
53 146 167 457 220 602 
40 110 126 345 166 455 
13 37 . 42 116 ' 56 154 
13 37 42 I16 56 154 
40 110 126 345 166 455 

. . . . .  . . . . . . . . . . . . . . . .  

\., . 
\ i  
'. 

..... . . . . . . . . . . . . . . . .  .... 
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CONSTRUCTION OF POWER PLANTS CONDT 

.23 27 74 85 

.34 40 110 126 
1.92 227 621 712 

; --- Skil led Lahor 
Electrician 

1 Ficl$&pervision/Ins ect ion 

1 Formam 
2 
3 

17 Inspectors - 
Subtotal 22 

21 
Plpefitter 15 
Welder 8 
Hillwriftht 8 

! I Hachinist 2 
I romorker 16 
Rigger 8 
Concrete Worker I5 
Sheetmetal Worker 6 
Carpenter 60 
P 1 umber 4 
Insulation Insta l ler  4 
t i l e  Settet  2 
Painter 4 
Crane Operator 4 

4 Pile Drivrr 
2 4 Boilermaker 

E y i  i pmen t Opera t o r  27 

Construct ion Supe rinten + ent  

i 
I 
i Sllbtotal 210 
1 Others 
. tcsnrters 13 
1 Toolpiishers 2 
I ContrAct Support People 2 

Conmon Laborers 42 
Dril l ing Itcad 1 

I Warehouseman 3 
Subtotal i3 

. . .  ..._ . . .  -.-- -._. ... .. .. ---. . . . .  ' .. ,. 

I 

2.37 
I .69 

.90 
90 

.23 
1.81 

.90 
1.69 

.68 
6.78 

-45 
.45 
.23 
.45 
.45 
.45 
.23 

3.05 

1.47 
.23 
.23 

4.75 , 
. I t  
.34 

280 766 879 
200 547 627 
107 291 334 
107 291 334 
27 . 74 85 

213 985 671 
107 291 334 
200 547 627 

80 220 252 
800 2192 2514 
53 146 167 
53 146 167 
27 74 85 
53 146 167 
53 146 . 167 
53 146 167 
27 74 85 

360 986 1131 

173 475 545 
27 74 85 
27 74 85 

560 1536 1761 
13 37 42 
40 116 126 

. 

, . .  

. - ...... - .I. ...... .,.*- . _ *  . __._ _ _ _ _  ..__I.-.-...._________ .... ... . . . . . . .  

233 
345 

1948 

2405 
1715 
913 
913 
233 

1836 
913 

1715 
690 

457 
457 
233 
457 
457 
457 
233 

3095 

6810 

1492 
233 
233 

4820 
116 
345 

112 301 
166 455 
938 2569 

1158 3172 
826 2262 
440 1204 
440 1204 

885 2422 
440 1204 
626 2262 
332 910 

3314 9073 
220 602 

112 308 
220 602 
220 602 
220 602 
112 308 

1491 482 

112 3on 

220 602 

718 1967 
' 112 ' 301 

112 308 
2322 6356 

56 154 
166 455 

. . . . . . . . . . .  .- . .  





highly  act ive i n  other energy industries,and i n  some cases the la rger  ones 

have t h e  capab i l i t y  o f  creat ing a separate geothermal s t a f f  as needed. 

The attachment o f  manpower t o  the industry can be described i n  

the same way as the f irms. This has made a base l i n e  assessment qu i te  

d i f f i c u l t .  For example, a d r i l l i n g  firm may be working i n  the geothermal 

indust ry  one month and i n  the petroleum industry the next. 

of labor  and cap i ta l  resources has been desirable since the indust ry  i s  

not  y e t  mature enough t o  support on a continuing basis the large number 

o f  peripheral f i rms which have thus f a r  become only marginal ly attached 

This mob i l i t y  

t o  it. 

Even i f  the indust ry  achieves the maximum employment growth discussed 

i n  our forecast, the nat ional  impact w i l l  be r e l a t i v e l y  minimal. This 

may be even more t rue  i f  the ful l - t ime-equivalent o f  new h i res i s  

composed o f  a much la rger  number of part-t ime o r  part-year employees 

who are a lso involved i n  a number o f  a c t i v i t i e s  other than geothermal. 

However, i t  i s  important t o  note tha t  the high concentration of sc ien t i s t s  

and engineers i n  the industry w i l l  ce r ta in l y  contr ibute t o  scarc i t ies  

o f  t h i s  type o f  manpower a t  the national leve l .  

We forsee only two areas o f  major long-term loca l  impact. One i s  

a t  The Geysers i n  Northern Cal i forn ia ,  but development there has taken 

place over two years and w i l l  continue tb do SO i n  such a manner tha t  

major labor shortages are not  l i k e l y .  The other i s  a t  Imperial Val ley 

i n  Southern Cal i fornia,  but  t h i s  development too w i l l  be slow and al low 

ample time f o r  appropriate planning. This has already taken place w i th  

socio-economic impact studies having been conducted a t  t h i s  area. 



J 

Recommendations 

U 

Speci f i c 

Evidence from d i f f e r e n t  parts o f  our study po in t  out  t ha t  the most 

serious manpower problems t h a t  are l i k e l y  t o  emerge i n  the industry are 

i n  cer ta in  s c i e n t i f i c  and engineering occupations* Firms po in t  ou t  

t ha t  they can not  e f f e c t i v e l y  compete i n  the nat ional  market because 

they must absorb the costs o f  t r a i n i n g  and/or o r ien t ing  new rec ru i t s  

t o  the  special character is t ics  o f  the geothermal industry. Underlying 

t h i s  problem i s  the f a c t  t h a t  there are few un ivers i t ies  t h a t  o f f e r  any 

courses i n  the  geothermal area, as compared t o  the considerable higher 

education t r q i n i n g  avai lab le which i s  geared toward the o i l  and gas 

industr ies.  The probable reason f o r  t h i s  lack o f  courses i s  a perception 

o f  low demand f o r  t h i s  type o f  expert ise and/or the un l i ke l y  prospect 

f o r  rap id  and widespread growth o f  the geothermal industry. 

3 

w 

r' 

We recommend tha t  the federal government consider f inanc ia l  support 

t o  expand the number o f  geothermal courses of fered a t  a few un ivers i t ies  

located i n  the western states. The reason f o r  t h i s  recommendation i s  

J 

t ha t  the federal government i s  i n  a be t te r  pos i t ion  t o  gage geothermal 

d manpower needs a t  the nat ional  leve l .  Also, such a r e l a t i v e l y  modest 

act ion a t  t h i s  time would help ensure a t r a i n i n g  base which could expand 

as the industry grows thus avoiding any ~ ' c r j s i s "  type of act ions i n  the future 

i f  the indust ry  does enter a phase o f  unexpected rap id  expansion. 

degree o f f e r i n g  does not  appear desirable because the basics are general 

w A f u l l  

t o  many s c i e n t i f i c  and engineering areas. By being able t o  draw f r o m  a 

W pool o f  col lege t ra ined manpower tha t  has alread been or iented t o  the 

industry and has received special t r a i n i n g  courses, geothermal indust ry  
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employers should be i n  a more competitive position for recruiting relative 

t o  other energy industries. 
w 

Because of the small size of the geothermal industry and because of 

J the likelihood t h a t  i t s  size relative t o  other energy industries will not 

be dramatically altered i n  the next ten years, no other recommendations 

specific t o  geothermal manpower are made. Other problems t h a t  will emerge 

are associated w i t h  remote s t te  developments. B u t  these are of a short-term 

duration, and t h u s  far  the large firms involved i n  b r i n g i n g  power plants 

on line have demonstrated an a b i l i t y  t o  transfer skilled labor and other 

c, 

J personnel as needed. 

General 

We have attempted t o  define some of the manpower characteristics o f  

3 a relatively new industry. B u t  i t  i s  v i r tua l ly  impossible t o  grasp the 

evolutionary character of the industry i n  terms of changing occupational 

growth patterns w i t h  a one-time study. We recommend tha t  a mail survey 

conducted periodically (perhaps a t  two year intervals) would he1 p define 

the changing nature o f  the industry and the manpower structure which 

consequently evolves. 

imformation base i s  now well established. 

u3 

T h i s  could be done a t  minimal cost since the 
rL9 

Another way t o  try t o  develop a rationalized manpower information 

system i n  theenergy industries i s  t o  examine the several industries t h a t  

already exist i n  various stages of development. 

o i l  gas, nuclear, geothermal , and solar we have energy industries ranging 

from the well established t o  the novel. 

t o  examine the occupational structure i n  these industries a t  various stages 

o f  development i n  order t o  determine common trends. 

113 T h a t  is, w i t h  coal, 

I t  would be a useful Policy tool 
'c; 

W i t h  the numerous 

U 



Y 

W 

3 

I 

studies t h a t  have been done over the years s u f f i c i e n t  documentation probably 

already ex is ts  f o r  t h i s  type o f  study. 

a s ign i f i can t  step forward i n  developing a conceptual framework upon which 

We bel ieve such a study would be 

fu tu re  manpower studies can receive much guidance. It should also be 

helpfu l  i n  forseeing changes which empir ica l ly  or iented studies do not  

ant ic ipate.  

o f  past studies i n  order t o  more accurately define areas o f  needed 

Fina l ly ,  i t  would al low policymakers t o  draw upon a synthesis 

research and t o  develop a general manpower information system. 
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! RESOURCE EXPLORATION AND ASSESSHF,N? 
1 
1 Derived 3 Fhployment Estimated from Forecasted Growth 

Summed Total o t  Individuals from Forecastlnff Coefficient 1980-1985 1986- 1990 1980-3990 
I 

Suweyed Firma and Project Independence 

Scientists/Engineers 
Gcolbgix---- 32 
Geophysicist 43 
Geochemist 5 
Hechanial Engineer 2 
Dri l l ing Engineer 2 

; Petroleum Enbineer 1 
Subtotal E 

~ i n i s t r a t i r e e n e n t / C l e r i c a l  Stibtatal 11 

Swcialized M a n a g e  
Contracting/Furchs.inll 1 
Financial Analyst I 

? Accounting 3 
Lega 1 4 

1 Land tlanagtment l i  
1 Subtotal 20 

sa!  

Tecltnicia~ 
! kngineering Technician 1 
' Computer Analyst 2 
! Data Processing 1 

Dtsf tsnan 9 
txploratfon Technician 6 

10 
Subtotal 29 

Environmental Technician - 
Others 
GiGZrs 4 

I 

I 

Truck Drivers 2 
Subtotal 7 

Total 151 

(peicent) 

3.61 

-56 
.23 
.23 
. l l  

4.n6 

1.24 

.11 

. l l  

.34 

.45 
1.24 

-11 
.23 
. I1  

1.02 
.68 
i.13 

.45 
-23 

- .  

427 1167 
574 1572 
67 181 
27 74 
27 74 
13 37 

147 401 

13 37 
13 37 
40 110 
53 146 

147 401 

13 37 
27 74 
13 37 

120 330 
80 220 

133 365 

53 146 
27 74 

. ..L . 4 ..... ...__ . .  .... - . -  . . . . . . . . . . . . . . . . . . . . . . . . .  - . . .  ... 

m> 

1338 
1802 

85 
85 
42 

20n 

460 

42 
42 

126 
167 
460 

42 
85 
42 

378 
252 
419 

* 167 
85 

. - . - - . - 

n!n 

3664 
4932 

568 
233 
233 
116 

1258 

116 
116 
345 
457 

1258 

116 
233 
116 

1035 
690 

I I47 

457 
233 

. 

m> 

1764 
2375 

274 
112 
112 
56 

606 

56 
56 

166 
220 
606 

56 
112 
56 

499 
332 
552 

220 
112 

m z  

4831 
6504 

749 
308 

154 
3011 

1659 

154 
154 
455 
602 

1659 

154 
308 
154 

1365 
910 

1512 

602 
30n 

'Y 
\ 

-Y 

_I_---- -- 
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I DRILLIMG 

I 
! 

I sullreycd Fins snd Project Independence (percent) 

Derived Am Employment Estimated from Forecasted Growth 
Summed Tots1 of Individuals from Forccastinb Coef Eicient 19807% 1986-1990 1980-1990 

m& max m& 

I 

Job Foreman 13 1.47 

4 Dri l l ing  Foreman 13 1.47 

24 2.71 

I krrickrran (Aant .  Dri l ler)  29 3.28 

Dri l l er  

Clotorman 4- .45 
' *  

.45 

Welder 2 .23 

I Pipef i t ter  4 

Crane Operator 1 . l l  
I 

1 Truck Driver 2 .23 

12 1.36 i Laborer - 
I Totd l  104 .i 

! 

173 475 545 

173 475 545 

320 876 1005 

387 1061 1216 

53 146 167 

53 146 167 

27 74 85 

13 37 42 

27 74 85 

160 440 504 

71R 1967 

718 1961 

1325 3627 

1492 

1492 

2750 

3329 1603 43R9 

457 220 602 

457 220 602 

233 112 306 

56 154 1 I 6  

233 112 308 

1380 665 1120 



c t 

I 

ScienL_ics/Engineers 
' m n  i r a r  Englt ,c?z 

Civ i l  Engineer 

d e t c 6 f c c e 
I 

RESERVOIR FEED SYSTEM (Construction) 

Derhed fiz Employment &timated from Forecasted Growth 
Forecasting Coefficient 1980-1985 1986-1990 1980-1990 

Estimate from Project  Independence (percent ) n& m* n& r n 3  nfn m n  

2 

Subtotal  f 
Technicinns 

Roiite Surveyor 
Dra f tsnan 2 

: Subtotal  

.23 
23 

.23 

.56 

27 14 
27 74 

85 233 112 308 
85 233 112 30n 

27 74 85 233 112 30n 
67 181 208 568 274 749 

.23 27 74 85 233 I12 308 
166 455 

2 
Fie ld  Stipervision/Inspcction 

Inspector .3C 40 110 126 345 Foreman 

Subtotnl 
'I 

I 220 602 53 146 167 457 .45 
112 308 

4 
.23 27 74 85 233 

220 602 2 
53 146 167 457 1 Carpenter 

.45 
112 308 

4 
74 85 233 .23 27 

27 14 85 233 112 308 
2 

.23 
I Crnne Operator 2 RO 220 252 690 332 910 6 .fie lnsit latinn I n s t a l l e r  - i 
I Sitbtotsl 20 

1 Other 

Ski l led  Labor 
Gl2er 

Concrete Worker 
Dozer Operntnr 

' i  I '  
i 

220 602 .45 53 146 167 457 Teclck Driver 4 
Subtotal  7 

Total 40 

! 

I 

1 .  --.. .-._.. . I .. - . 
~ , . -  . I 

\ 

8 

.-.. 
.h..-.-.- L... _A_. -. - . -ru;uL S.L_"*. - . -  .-.*-. .._ _ - -  - ______.-____I__-____.__I - -  - - .  . -. ~ - -. - . 

I . .  
- -_____ - . __ . . - - I__^ __ ^-_ll_l_ - - -- 
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1 

6 t c e 

LFSERVIOR FEED SYSTEN (eperation/eaintenance~ 

Derived New Employment Estimated from Forecasted Growth 
19110-1990 

i 
I Esttmstc from Project Independence (percent) m t n  MIIR n& 1112 m& nax 

Forecasting Coefficient 198051iji85 19R6-1990 

F i e l d  Operator 

Foreman 1 

Cipefittcr 2 

Welder 

Insulation Installer 2 

1 Crane Operator - 
to ta l  9 

. 

.23 

. l i  

.23 

.11 

.23 

.11 

21 74 

13 37 

27 74 

13 37 

27 74 

13 37 

85 233 

42 116 

ns 233 

42 116 

85 233 

42 116 

t 12 

56 

112 

56 

112 

56 

308 

154 

308 

154 

308 

154 

. .  

. . -  , . . . , .- . . 1. I... 1. >-. . , ..  . . .. . .. ....._., _._.... ,.. _.. - .  - . .  . . .  . -. .. . . ..__ . - .. . - . ..... .- . .  - . 

~~ ~ ____ -_.-- _ . _ .  p m - , .  , ~ _. 



' CONSTRUCTION OF POWER PLANTS 

Derived Nm Employment Estimated from 
Sunnned Total of Individnals from Forecasting Coefficient' 1980-1985 1986-1990 

Surveyed Firms and Project Independence (percent) m& 5 m i n E  

Scientists/Engineers 
Structural Engineer 11 I .24 147 401 460 1258 
Hechanical Engineer 21 2.37 280 766 879 2405 

160 440 504 1380 Civil Engineer 12 1.36 
Electrical Fagineer 19 2.15 253 695 797 2182 
Corrosion Engineer 1 .I1 13 37 42 116 
Processing Engineer 3 .34 840 110 126 345 
Drilling Engineer 1 .I1 13 37 42 116 

.I Geological Engineer 1 . I 1  13 37 42 116 
42 116 '1 Architect 5 .56 67 181 208 568 

Archeologist I .ll 13 37 42 116 
8 .90 107 291 334 913 Geologist 

Administrative tlanagernent/Clerical Subtotal 34 

Specialized Hanag= 
85 233 

land Hanagenent 1 .ll 13 37 42 116 
Lawyer 3 .34 40 110 126 345 

1131 3095 

Reservoir Engineer 1 . I1  13 37 

I .  

f Subtotal 

Proerirenent Specialist 2 .23 27 74 

27 3.05 360 986 
I Comptroller - 

Subtotal 33 
Technicians 

2.49 293 805 923 2527 Draftsman 22 
Survey o r 8 .90 107 291 334 913 
Instrument Technician 4 .45 53 146 167 457 
Pipeline Technican 3 .34 40 110 126 345 
Air Qtiality Technician I 1 .ll . 13 37 42 116 

3 .34 40 110 126 345 Technical Assistant - 
Noise Pollution Technican 1 .ll 13 37 ' 42 116 

c 

'.. .-._ . . . . 

\ 

-.. - - ...*.' , , 

_________- _ _  I___ - - _ -  _ -  --. -.. - 

Forecasted Growth 
1980-1990 

m& e 

606 1659 
1158 3172 
665 1820 
1051 2877 
56 154 
166 455 
56 154 
56 154 
56 154 
274 749 
56 154 
440 1204 

112 308 
56 154 
166 455 
1491 4082 

1217 3332 
440 1204 
220 602 
166 455 
56 154 
56 154 
166 455 



g U C T I O N  OF MWER PLANTS CONDT 

; Skil led Labor 
: E k t r i c l a n  

Plpefitter  
Welder 
H i l l w i g h t  

1 rowor ker 
! , flschinist 

+ Fie ld  Supervision/lns eet ion 
Construction s t i p e f i ~ h  2 .23 

17 1.92 

-7- 

1 Forman 3 .34 
Inspectors - 

Sabtotai 22 

21 2.37 
15 1.69 
8 .90 
8 .90 
2 .23 

16 1.81 
Rigger 
Concrete Worker 
Sheetmetal Worker 
Ca rpent e c 
Plumber 
Inscilation lns tn l l er  
rile Setter 
Painter I Crane Operator 
Pile Driver 
Doilernaker 
Eqii I pment Operator 

I 

8 
15 
6 

.90 
1.69 

.68 
60 6.78 

4 -45 
4 .45 
2 .23 
4 .45 
4 .45 
4 .45 
2 .23 

27 3.05 
Subtotal 

1.47 
.23 
.23 

4.75 

Others 
Teamsters 13 

2 ! 
= Toolpiishers 

Canran Laborers 42 
I Contract Siipport People 2 

i Dril l ing Aead 1 . l l  
Warehouseman 3 .34 

Sttbtotal 

Total 488 

G c 

27 74 115 
40 110 126 

227 621 712 

280 766 
200 547 
107 291 
107 291 
27 , 74 

213 585 
107 291 
200 547 

80 220 
800 2192 

53 146 
53 146 
27 74 
53 146 
53 146 
53 146 
27 74 

360 986 

/ , I  

879 
627 
334 
3 34 

85 
67 1 
334 
627 
252 

2514 
167 
167 
85 

167 
167 
167 
85 

1131 

173 475 545 
27 74 85 
27 14 85 

560 1536 1761 
13 37 h2 
40 I10 126 

c 

233 112 308 
345 166 455 

1948 9311 2569 

2405 1158 3172 
1715 826 2262 
913 440 1204 
913 440 1204 

112 308 233 
885 2422 1836 

913 440 1204 
826 2262 a715 

690 332 910 
3314 9073 6880 

220 602 457 
45 7 220 602 

112 308 233 
45 7 220 602 

220 602 457 
220 602 457 

233 1491 112 482 300 
3095 

718 1967 1492 
112 ' 308 233 
112 308 233 

4820 2322 6356 
116 56 154 
345 166 455 

1 

! 

. . . .  

I 
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Scientlsts/Enginecrs 
tlechanical Engineer 
Corroslon Enlineer 

--- 

c c c 

OPERATION AND HAINTENARGE OF POWER eurn 

Srmmed Total of Individnrls from Forecatsting Coefficient 
(percent) Siirveyed Firms and Project Independence 

1 . I t  
i . l l  

Subtotst i 
Technicians 
Senior Power Plant Operator 2 
Power Plant Operator 21 
Asst. Power Plant Operator 4 
Control Technician 1 
Instrument Terhnician 6 

Subtotal 3 

Supervisory Personnel 

8hi ft Foreman 3 
P h t  Siyerintendent t 

Foreman 
Shbtotal 

Skilled Labor 
ifilrw c i gh t 
Hachinist I j  

4 

Pfpefitter 3 
Welder 4 
Electrician 11 
Instilatian Installer 2 
Painter 2 
Rigger 5 
Crane Operator t 

Subtotal 43 

-23 
2.37 

.45 

. I 1  

.68 

. l l  

.34 

.23 

.45 
1.47 

.34 

.45 .  
1.24 

.23 

.23 

.56 

. l l  

Other 
t h o r e  r Stibtatal 6 

Total 93 

. . . . . . .  . . . . . . . .  . . .  ____ . - ..__- . . . . .  - .. 

Derived k w  Enploylntnt Estimated fcrmr Forecasted Growth 
19RO- 19115 
s* 

13 
13 

27 
280 
53 
13 
80 

13 
40 
27 

53 
173 
40 
53 

147 
27 
21 
67 
13 

!?!!E 

37 
37 

74 
766 
146 
37 

220 

37 
110 
14 

. 146 
413 
130 
146 
401 

14 
14 

181 
37 

1986-1990 
. m f n  

42 
42 

85 
879 
167 
42 

252 

42 
126 
85 

167 
545 
126 
167 
460 

85 
85 

208 
42 

IMX 

116 
116 

233 
2405 

457 
116 
690 

116 
345 
233 

457 
1492 
345 
457 

1258 
233 
233 
568 
116 

* 

1911% 1990 
mfn 

56 
56 

112 
1158 
220 
56 

332 

56 
166 
112 

220 
718 
166 
229 
606 
112 
112 
274 
56 

ma. 

154 
154 

308 
3172 
602 
154 
910 

154 
455 
308 

602 
1967 
455 
602 

1659 
308 
308 
749 
154 

.... ..... - . . .  . . .  -- . . . .  
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RESULTS FROM MAIL SURVEYS 

, 
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Introduction 

This phase of our study consisted of  three i n i t i a l  mailings, a f ina l  

The cover letters and mailing, and follow-up mailings for each category. 

questionnaires which were used are included as Appendix 11-A. Y The results 

from the initial mai l ing  will be discussed first.  

Initial Questionnaire Mailings 
w 

Purpose 

*d T h i s  investigation was designed t o  provide the b u l k  of information 

necessary for a baseline (1977) estimate of employment i n  the geothermal 

industry. Data was sought  concerning person months of geothermal employ- 

w ment by activity from each organization. Additionally requested information 

was: (1) whether o r  not the firm was engaged i n  geothermal activities i n  

1977, (2 )  whether o r  not the firm was w i l l i n g  to  participate i n  the final 

v survey and if  so, (3) who the appropriate contact person should be, and 

( 4 )  the name of contractors w h o  performed work for the organization t o t a l l i n g  

$25,000 o r  more i n  1977. 

V With the above information we could then select the firms which were 

considered important f o r  the personal interview phase, and a l l  remaining 

firms (designated as i n  the industry and willing to  participate further) 
v were included i n  the f inal  mail survey. Another goal was to  develop a 

clearer picture of the number of organizations (especially i n  the private 

sector) actively involved i n  the industry since many geothermal references, 

directories, and other sources are likely t o  l i s t  observors as well as 

participants i n  the industry. 

w 



V Procedure 

The objective was t o  survey fi organizations (private and publ i c )  

which were known to be involved o r  potentially involved i n  the geothermal 

industry. The b u l k  of the mailing l i s t  was compiled from such sources as 

the Geothermal Resources Council ' s  Geothermal Reqistry and the Geothermal 

Y 

World Directory (1977/78 Edi t ion) ,  which is publ ished by Geothermal World 

Publications. Other sources were the l i s t  of the Department of Energy's 

geothermal re1 ated contracts, the contractors 1 i s ted  by organizations 

responding t o  the questionnaire, and information conveyed by personal 

contact w i t h  industry participants. 

w 

w 

Because more organizations were becoming known t o  us through continuing 

ef for t s ,  three separate i n i t i a l  mail ings were necessary. These took - 

place i n  February, July, and October 1978. In each case a follow-up 

request was made t o  the nonrespondents from one t o  two months a f t e r  the 

Y first  mailing. Table 11-1 gives a partial  breakdown of these resul ts .  

Results 

The f i n d i n g s  i n  this par t  of our study provide the best overall picture 

Y of manpower involvement i n  the geothermal industry by the various types o f  

ac t iv i t i e s .  Given the large number of ways i n  which the data can be 

cross-classified, we have elected not t o  make every conceiveable comparison 

b u t  instead to  point out descriptively the most important and interesting 

comparisons. 

Responses by Mail i n g  Category 

w 

ly 
In re lat ion t o  Table 11-1 we believe the large number of mailings which 

the postal service was unable t o  deliver is indicative o f  the considerable 
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w 
movement o f  organizations i n t o  and o u t  o f  the industry. 

expected, t h i s  i s  especial ly t rue  i n  the pr iva te  sector which accounts f o r  

As might be 

94.8 percent o f  the nondeliverables. I n  addi t ion a l l  o f  the 13 nondeliver- 

ables among our follow-up requests were i n  the pr iva te  sector. Note t h a t  
Y 

the nondeliverables are not double counted. That i s ,  o f  the 13 none were 

w 

W 

returned t o  US as nondel iverables i n  the f i r s t  mail ing  request. 

automat icql ly received follow-up requests and only  then were they returned 

as nondel iverables, t h e i r  loca t ion  o r  status apparently having changed 

d r a s t i c a l l y  i n  the interim. 

Hence, they 

A f te r  the f i r s t  two mailings, which comprised 90.7 percent o f  the 

three groups o f  i n i t i a l  mail ings, a phone survey was made o f  the nonrespon- 

dents ( t o  the i n i t i a l  and follow-up requests) t o  f i n d  out: 

memo had been received; (2) i f  not, was' the organization involved i n  

geothermal a c t i v i t y  during 1977 and would a response be made t o  an addi t ional  

questionnaire mail ing; (3)  i f  the questionnaire was received, what was the 

reason f o r  nonresponse; and (4) i f  the information was avai lable, could i t  

be conveyed over the  phone. 

(1) if the 

During August and September we attempted t o  contact the 268 organizations 

i 0 from the  f i r s t  mai l ing wh-ich had no t  responded t o  our i n i t i a l  and follow-up 

mail ings i n  order t o  s o l i c i t  reasons f o r  nonresponse. O f  th is  to ta l ,  a 

phone l i s t i n g  could not  be found f o r  66 organizations, 78 were not responsive 

t o  phone contact (i.e., not  answering, not re turn ing messages, etc.), 47 

I 

Y 

responded tha t  they were no t  involved i n  the industry, 66 requested t h a t  the 

questionnaire be mailed t o  them again, and 11 gave manpower estimates over I 

V the phone. 

fo l lowing manner. 

These resu l t s  are incorporated i n t o  the mail resu l ts  i n  the 

The 66 organizations f o r  which a phone l i s t i n g  could no t  

be found and the  78 which were not  responsive t o  phone contact remained i n  

w 
be found and the  78 which were not  responsive t o  phone contact remained i n  

w 
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the nonresponse category. O f  the  66 which requested tha t  the questionnaire 

be mailed t o  them again the respondents were coded and tabulated i n  the 

appropriate categories w i t h  a l l  other respondents. 

respondents and the eleven respondents which provided manpower estimates are 

The 47 nonindustry 

counted as mail reqpondents, and the discussion i n  the r e s t  o f  t h i s  p a r t  of 

the study incorporates t h i s  information. 

Table 11-2 shows the response rates (combining i n i t i a l  and follow-up 

responses) f o r  the three mail ings and the response r a t e  for  a1 1 the mail ings 

together. As w i l l  be noted l a te r ,  a l l  respondents d i d  no t  provide useful 

data and t h i s  forms the basis f o r  f u r the r  disaggregation. Also note tha t  

the data presented i n  Tables 11-1 and 11-2 and elsewhere i n  t h i s  pa r t  of 

the study have been checked f o r  dupl icat ion and other errors. 

d i f f i c u l t  ta'sk, especial ly i n  the pr iva te  sector. One basic c r i t e r i o n  was 

t o  count d i f f e r e n t  mai l ing addresses as d i f f e r e n t  organizations. 

approach was no t  completely sa t is fac to ry  i n  many cases, and many organira- 

t ions  had t o  be contacted by phone t o  c lear  up ambiguities. Considering 

our e f f o r t s  i n  t h i s  area, we are confident t h a t  our data are an accurate 

descr ipt ion o f  the industry w i th  a minimum o f  error.  

This was a 

This 

f o r  the second and t h i r d  i n i t i a l  mail ings. This was necessary because i t  

was extremely d i f f i c u l t  t o  pa i r  the manpower involvement wi th  a reasonable 

number o f  pa r t i cu la r  a c t i v i t i e s  given the design o f  the questionnaire used 

i n  the f i r s t  i n i t i a l  mail ing. Information gained f r o m  the f i r s t  mail ing 

r e s u l t  was used t o  redesign the questionnaire i n t o  matr ix form. The 

r i s k  perceived w i th  t h i s  format was tha t  the complicated appearance o f  the 

questionniare would s i g n i f i c a n t l y  reduce the response rate. Though the 

response r a t e  d i d  drop somewhat i n  the second and t h i r d  mail ings (Table 11-Z), 
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Ind iv idual  Mail  ings 

1 

2 

3 Y 

TABLE 11-2 
1 Response Rates 

1 Response Rate 

612 t 873 = 70.1% 

244 i 512 = 47.7% 

86 i 142 = 60.6% 

2 Response Rate 

612 t 829 = 73.8%’ 

244 i 439 - 55.6% 

86 t 137 = 62.8% 

w Combined Response 942 t 1527 = 61.7% 942 t 1405 = 67.0% 
Rates 

J 

r) 

Includes the  nondel iverabl  es i n  the  denominator. 

‘Excludes the  nondel iverables from the  denominator. 

v 

, 

3 

3 



J 
we believe t h a t  benefit gained i n  the increased precision of  response more 

than compensated fo r  the drop i n  the response rates.  That is ,  very few 

organizations used "other" i n  their response rather than a specif ical ly  

designated cell i n  the matrix. Also, part  of the drop i n  the response ra tes  

fo r  the second and t h i r d  mailings probably can be at t r ibuted to the use of 

1 ess re1 iable resources i n  compiling the respective mailing 1 ists. 

d Responses by Organizational Type 

The 1527 questionnaires mailed a re  categorized a s  follows by the type 

of organization. 

t h a t  could not be s t r ic t ly  categorized as a government agency o r  educational 

ins t i tu t ion  were included i n  the private sector. Tables 11-3 and 11-4 present 

Note t h a t  a l l  nonprofit o r  other types of organizations Y i 

J categorization of responses and response ra tes  by organizational type. 

Private firm o r  individual 1215 (79.6%) 

Sta te  o r  local government 88 ( 5.8%) 
J 

Federal government 70 ( 4.6%) 

u3 

+ 154 (10.0%) - Educational 

Total 1527 

Industry vs. Nonindustry Responses 

1527 organizations surveyed 521 (or  34.1%) indicated t h a t  they 
d 

were involved i n  the industry i n  1977, and 421 (o r  27.63) indicated tha t  

they were not involved i n  the industry dur ing  1977. Including nondeliver- 

ables (122) these three categories total  1064. No information of any 

k i n d  was forthcoming from the remaining 463 from either mail o r  phone 

con tact. 

3 
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TABLE 11-3 

Responses by Organizational Type 

Total Mailed I n i t i a l  Response Follow-up Mailing 

Private  firm or  individual 1215 489 658 
( pl us 102 nondel iverabl e s )  

S t a t e  o r  local government 88 53 32 
( pl us 3 nondel iverabl es )  

Federal government 70 39 
(pl us 2 nondel iverabl e s )  

Educational 1 54 78 
(pi us 2 nondel iverabl e s )  

29 

74 

Follow-up Response 

21 7 

( pl us 13 nondel iverabl es )  

18 
(no nondel iverabl es )  

14 
(no nondel iverabl es) 

34 
(no nondel i vera bl es ) 
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J 

TABLE 11-4 
1 

Response Rates by Organizational Type 
td 

2 Response Rate 

705 i 1215 t 58.1% Private firm o r  individual 

State  or local government 71 + 88 = 80.7% rr' 

Federal government 53 t 70 = 75.7% 

Educational 113 t 154 ~ 7 3 . 3 %  

w 

Combined Response Rate 942 t 1527 = 61.7% 

3 nespOnse Rate 

705 + 1087 = 64.9% 

71 + 85 = 83.5% 

53 i 68 = 77.9% 

113 + 152 = 74.3% 

942 t 1392 = 67.7% 

three 
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I t  can be seen from Table 11-5 t h a t  the core of useful information i n  

this phase of  our study will be derived from a subset of the 521 organizations 

which responded t h a t  they were act ively involved i n  the geothermal industry 

i n  1977. 

estimates which could be coded fo r  analysis. 

T h i s  subset consists of  451 organizations which  provided manpower 

Manpower Data By Organ4zational Type 

There were a variety of reasons why organizations responded t h a t  they 

were i n  the industry b u t  did not provide manpower estimates. In many cases 

they simply checked o f f  an ac t iv i ty  of involvement without designating a 

quantity of manpower. Other organizations replied ’that they were not i n  

the geothermal industry i n  1977 b u t  either had been involved i n  e a r l i e r  

years o r  were planning involvement i n  the future. 

t h a t  the requested information could not be provided because of proprietary 

reasons o r  because they viewed the request as  too burdensome. 

previously mentioned, seventy organizations were i n  this category, for  the 

reasons mentioned above and o ther  1 ess general reasons. T h i s  leaves 448 

organizations which provided manpower estimates by specif ic  a c t i v i t i e s  

f o r  1977. 

S t i l l  others responded 

As was 

There a r e  a var ie ty  of ways i n  which this information may be cross- 

referenced for  discussion. We will s t a r t  by discussing a l l  Organizations 

taken together and then discuss the separate groups of organizations. 

The presentation of the dis t r ibut ion of manpower involvement by ac t iv i ty  

will follow i n  the next section. 

The range of employment by organization i n  the industry was from 

2725 person months to  one person month (All quantities greater  than .5 



TABLE 11-5 

Industry and Nonindustry Responses by Organizational Type 

Private firm or individual 

State or local government 

Federal government 

Educational 

Total - 

1 Industry 

359 (23.5%) 

48 (3.1%) 

40 (2.6%) 

74 (4.8%) 

521 (34.0%) 

2 Non i ndus try Industry 
346 (22.7%) (25.6%) 

23 (1.5%) (3.4%) 

13 (0.9%) (2.8%) 

39 (2.5%) (5.3%) 

421 (27.6%) ( 36.6%) 

\ 

Nonindustry 2 

( 24.7%) 

(1.6%) 

(0.9%) 

(2.8X) 

( 26.9%) 

\ 

'With nondeliverables included in denominator (e.g., 359 1527 = 23.5% 

2With nondeliverables excluded from denominator '(e.g., 359 3 1405 = 25.6% 
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were rounded t o  one). With a l l  organizational types taken together the 

top  twenty organizations account for 52.02 percent of a l l  person months 

measured i n  the survey. O f  these the federal government accounted f o r  

13.48 percent of  the to ta l ,  educational institutions accounted for  3.31 

percent o f  the to ta l ,  and the private sector ackounted for 35.23 percent 

of the total .  

o f concen t ra  t i on. 

The following figures lend more perspective to  the degree 

Number of Organi zat ions Percent of Total Measured Manpower 

21 2 1  

19 

8 

11 

30 

1 .5 and < 1 

- > .4 and < .5 

2 .3 and .4  

> .2 and < .3 
c 

79 c > .1 and c .2 

280 c .1 

As was pointed o u t  earl ier ,  there was considerable difficulty i n  

avoiding dupl ication of data from the same organization a t  different 

addresses or even different organizations a t  the same address. The basic 

cri terion was to  count different mail i n g  addresses as different organiza- 

t ions,  b u t  this was considerably modified as various cases warranted. 

T h i s  method appears t o  have worked best for the category o f  private 

firm or individual , w i t h  the 307 respondents p rov id ing  manpower estimates 

probably be ing  a s l i g h t  overestimate of the actual number of firms. 1 

We were also able t o  determine tha t  most o f  the educational 

'The term, private individual, i n  most cases means a consultant, 



insti tutions responding were various academic departments o r  special research 

institutions. 

category will also tend t o  be a s l i g h t  overestimate since more t h a n  one 

department or research. ins t i tu t ion  could have been surveyed from a single 

university o r  other institute of higher education. Also, our survey i n  

this area was dominated by colleges w i t h  four year degree programs and 

graduate programs. 

Therefore, the number of  organizations responding i n  th’is 

The complex and varied structures of government a t  the s t a t e  and 

local levels introduces a greater degree of uncertainty as t o  whether o r  

not  we successfully avoided dupl ication of data. 

arose, we attempted t o  ascertain the r i g h t  answers by recontacting the 

respondents by telephone. 

However, when questions 

The problem i n  surveying organizations i n  the federal government 

was not so much the avoidance of duplication b u t  a t  what level the data 

should be aggregated. For example, whenever i t  appeared that we were 

surveying a . large number of field offices (e.g., for the U.S.G.S.), we 

attempted t o  go t o  the highest level i n  the organization that would 

have the needed information centrally located for a l l  i ts  f ie ld  offices. 

The following data demonstrates t h a t  this method o f  aggregation 

considerably increases the “size” of the government organizations which 

were being surveyed. 

I 



Number o f  Organizations 
Providing Employment Data - Mean Median 

A1 1 organi t a t  ional  types 448 75.28 20.00 

Pr ivate f i r m  o r  ind iv idual  307 76.71 20.00 

State o r  loca l  government 39 19.74 12.00 

Federal government 33 170.17 30.00 

Education 69 56.52 22.5 

/ 

Despite the uncertaint ies introduced i n  the above discussion we 

bel ieve t h a t  uncertainty i s  minimized i n  the most important area, the 

pr iva te  sector. However, our manpower data provides only a s t a t i c  p ic tu re  

o f  what appears t o  be a rather  dynamic industry i n  terms c f  ent ry  and 

e x i t  o f  f irms. Although hard evidence was only spotty, (as indicated i n  

our personal in terv iew phase and correspondence w i th  past and potent ia l  

industry par t ic ipants) ,  i t  seems tha t  the p r o f i t  incent ive coupled w i th  

a perception o f  industry s t a b i l i t y  (which i n  tu rn  was dependent on 

solut ions t o  i n s t i t u t i o n a l  problems) i s  the d r i v i n g  force behind t h i s  

movement. 

Pr ivate Firms and Ind iv iduals  

, The range of employment i n  the pr iva te  sector was from 2400 person 

months t o  one person month [ A l l  quant i t ies  greater than .5 were 

rounded t o  one). 

57.18 percent of employment i n  the pr iva te  sector, and j u s t  over ha l f  the 

employment, 50.19 percent, i s  derived f rom only  eighteen f i r m s .  

d i s t r i b u t i o n  i n  the r e s t  of the pr iva te  sector i s  as follows. 

I n  t h i s  category the top twenty f i r m s  accounted f o r  

The 
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Number o f  f i r m s .  

20 

22 

9 

17 

Percent o f  manpower i n  the Pr ivate Sector 

21 

53 
0 

165 

> .5 and < 1 - 
.4 and c .5 

> .3 and < .4  

> .2 and .3 

- 

- 
> .1 'and < . 2  

c 0 1  

w 

V 

O f  the 310 f i rms providing estimates, 193 have 12 person months o r  

more (i.e., the fu l l - t ime  equivalent o f  one person per year o r  more). 

Webel ievethis i n  par t  i l l u s t r a t e s  the low degree o f  attachment o f  many 

f i rms and ind iv iduals  t o  the industry. 

a lso are not engaged i n  the industry as a primary a c t i v i t y  but have 

Many o f  the la rges t  employers 

created separate geothermal departments which i n  many -cases represent 

on ly  a small por t ion o f  the f i rm 's  t o t a l  employment. 

State and Local Governments 

i The 40 organizations responding i n  t h i s  category were concentrated i n  

W 

st ructure a t  these levels, especial ly i n  the leasing, environmental, and I 
the western states. Because o f  the lack o f  un i formi ty  o f  government 

regulatory a c t i v i t i e s ,  i t  i s  probable tha t  our survey d i d  not include 

some agencies. We d i d  attempt t o  survey a l l  .agencies tha t  could be d i r e c t l y  

i d e n t i f i e d  w i th  geothermal a c t i v i t i e s .  However, t o  have attempted t o  t race 
v 

a1 1 government organizations t h a t  are i n d i r e c t l y  involved i n  the industry 

w 
, 

would i t s e l f  probably have consumed most o f  our resources. 
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The range o f  employment i n  t h i s  area was f r o m  82 person months t o  

one person month ( A l l  quant i t ies  greater than .5 were rounded t o  one). 

I n  t h i s  category the seven largest  agencies accounted f o r  54.31 percent 

of the geothermal re la ted  employment. A more thorough d i s t r i b u t i o n  i s  

as follows. 

Number o f  Agencies 

25 

8 

d 

0 

3 
v 

t 

i 
1 Percent o f  manpower i n  s ta te  & loca l  government 
1 

> 1  

- > .5 and c 1 

> .4 and c .5 

> .3 and < .4 , - 
1 

4 
W 

W 

0 

> .2 and c .1 

.1 and c .2  2 

- 

c .1 

Federal Government 

Of the 34 federal government organizations responding, one accounted 

for  47.84 percent o f  the employment measured i n  our survey. There were 

i 



w 

V 

v 

Number of Agencies 

7 

11 

0 

Percent of manpower i n  federal government 

2 1  

- > .5 and c 1  

- > .4 and c . 5  

,> . 3  and c . 4  

,> .2  and c . 3  

,> .1 and c .2  

< .1 

Higher Education Inst i tut ions 

A total  of 69colleges provided estimates for our survey. Over half V 

(54. 0 percent) o f  the total educational manpower was i n  the f irst  seven 

respondents w i t h  the largest quantities. The final d i s t r ibu t ion  is as 
W 

Y 

fol  1 ows . 
Number of Colleges 

24 

16 

1 

8 

3 

Percent of manpower i n  educational insti tutions 

2 1  

- > .5 and e 1  

.4 and c . 5  

,> . 3  and c .4  
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Analysis by Activities and Phases of  Development 

Our  f irst  in i t ia l  mailing asked organizations t o  identify their  

manpower involvement by one (or more) of  seven general ac t iv i t ies  or to  

l i s t  an act ivi ty  i f  none of the others were appropriate, In addition, 

under the general ac t iv i t ies  the organizations were asked to l i s t  

subcategories of specialization. This approach led to  a large number 

o f  varied responses, which we then tried to condense i n t o  rational 

categories. 

a smaller version of  this matrix was used i n  the two subsequent in i t ia l  

The result  i s  shown on the matrix on the next page. Although 

mailings , the discussion and definitions given below pertain to  the larger 

classification matrix. 

Definition of Activities 

The original attempt was to  break down the d i s t r i b u t i o n  of  person 

months only by activity. 

by area of specialization greatly complicated th i s  effor t  t o  the point 

that precise analysis by activity was impossible i n  many cases. Even i n  

the revised l i s t  of ac t iv i t ies  there remain some conceptual problems of 

overlapping involvement (e.g., whether dril l  tng should be a separate 

category). 

However, replies to  the solicitation o f  activity 

S t i l l  , the revised 1 ist of  ac t iv i t ies  coupled w i t h  particular 

phases of  invol vement lends greater precision t o  the determination of where 

human resources are allocated. 

the in i t ia l  

The specific ac t iv i t ies  used i n  classifying 

responses are generally meant t o  be interpreted as the 

necessary stages of development a t  the resource s i t e  t o  b r i n g  about  the 

u t i 1  i z a t i o n  of the resource for e lectr ic  generating and direct use 

appl ications which are socially, economically, and environmentally sound. 



t c e5 
TYPE OF ORGANIZATION 
Private  firm or i n d i v i d u a l  - 
S t a t e  o r  local  g o v t .  - 
Federal govt , - 
Educq t i o n a l  - 
F i l e  # 

\ 

ACTIVITY 

c 

i t  I I 

E l e c t r i c a l  energy production 

Agricul tural  a p p l i c a t i o n s  

-_ Non-e leczr ica l  i n d u s t r i a l  a p p l i c a t i o n s  

m a 
d a 
3 
& 
m 
h 
4J 
VI 
P I  
d 
P 
d 
m 
(d 
aJ 
ro 

c, 
0 

4 B 
., 

00 
F 
d c 
F 
CF 
r( 
pc 

c 
0 
d 
U 

U 
VI 
d 

7! 

c c c 



(1) Disassociated. This category was used i n  the reclassification V 

of  responses because many memorandum rep1 ies to  the "other" category could 

not be associated w i t h  a particular activity. Therefore, a disassociated 

designation means t h a t  person months can be a t  least identified by either 

an activity or a phase. 
W 

(2 )  R W  includes 
. ,  

W any s i te  specific, regional, or national effort t o  inventory geothermal 

resources and t o  identify and define the characteristics and feasible 

development of ind iv idua l  reservoir systems. T h i s  activity includes remote 

sensing, surface, and subsurface techniques. v 

(3) _Reservoir design/development (exclusive o f  dr i l l  ins) includes the 

u t i l i z a t i o n  of materials and methods which  are necessary to transport or 

enhance the discovered resource for energy conversion or direct use. 

Examples are down-hole pumps, field stream control, design and analysis, 

scaling and corrosion control, and other activities relative t o  the 

physical and chemical characteristics o f  the reservoir. 

V 
> 

Y 

(4 )  Well d r i l l  i n g  a'nd d r i l l  ing services are composed o f  any d r i l l i n g  

activity, preparation for  drill i n g  ac t iv i ty ,  and any direct support 

services necessary for the imp1 ementation or  continuation o f  d r i l l  ing.  

category includes efforts aimed a t  assessing the resource (e.gl, well 

logg ing  and sampling) and a t  developing the resource i n  i t s  various states. 

(5) Plan t  de,sign and construction (power p lan t  only) applies t o  

@ This 

W 

p i l o t  plants and ' to  larger commercial plants. 

(6 )  Steam production and transmission s an ac t iv i ty  t h a t  could 

perhaps be better characterized as a subcategory under reservoir design V 

and development. B u t  for purposes of consistency w i t h  earlier phases o f  



t h i s  study, i t  was necessary t o  maintain the general taxonomy. However, 

1 i s t i n g  t h i s  a c t i v i t y  does tend t o  make the associated manpower e x p l i c i t .  

Ambiguity creeps i n  when some respondents may have considered steam 

V 

W production and transmission as an implied par t  o f  reservo i r  design and 

development and/or space heating. 

(7)  Space heating can be general ly characterized by the development 

w of heating systems f o r  commercial, public, and pr iva te  use. 

(8) E lec t r i ca l  energy production appl ies  bas ica l l y  t o  operation and 

maintenance manpower necessary f o r  the production o f  e l e c t r i c i t y  f o r  

commercial sale, f o r  use i n  an adjunct commercial project ,  o r  f o r  a p ro jec t  

t e s t  f a c i l  i t y  which i s  ant ic ipated t o  demonstrate comnercial f e a s i b i l i t y .  

w . 

(9) Agr icu l tura l  appl i ca t i on  contains any e f f o r t s  d i rected a t  food 

V growing (p lant  o r  animal). 

o f  t h i s  a c t i v i t y .  

Greenhouses appear t o  be the dominant mode 
i 

However, i t  i s  important t o  note t h a t  a t  t h i s  t ime any 

assessment o f  d i r e c t  use appl icat ion i s  tenuous a t  best. 

Y (10) Nonelectr ic i ndus t r i a l  appl i ca t i on  i s  another d i r e c t  use a c t i v i t y  
‘ t ha t  takes i n t o  account the ext ract ion o f  by-products from the resource 

(e.g., mineral recovery) and processing funct ions (e.g., food dehydration). 

0 (1 1) Environmental a c t i v i t y  incorporates any e f f o r t  to  study, monitor, 

estab l ish standards, o r  regulate the  q u a l i t y  o f  a i r ,  water, the surrounding 

hab i ta t  o f  f i s h  and wild1 i f e ,  and natural geologic features associated 

V w i t h  ex is t ing  and proposed geothermal developments. 

The addi t ion o f  the phase c lass i f i ca t ions  produces both pos i t i ve  and 

Posi t ive benef i ts  include the fol lowing: negative benef i ts.  

Y 



(1)  A much clearer picture emerges o f  the extent of supporting 
V 

services t h a t  may not be performed on the s i te  o f  development. 

These services may be directly associated w i t h  par t icular  

development(s) (e.g., use of materials and equipment on 

temporary s i te  specific locations), o r  they may be more geared 

to  the industry i n  general (e.g., applied research); 

Y 

(2) Quantities of manpower which  do not  require extended efforts 3 

of analysis or policy suggestions can be eliminated (e.g., con- 

sulting and publishing); 

W (3) The overall picture of manpower distribution i n  the geothermal 

industry i s  greatly enhanced because of the more precise taxonomy. 

The negative factors are as follows: 

Y (1)  The use of the activity-phase matrix greatly complicates the 

analysis. I t  is more time consuming to classify responses and 

requires considerably more computer work; 

3 (2)  Some redundancy i s  created (e.g., construction of permanent 

facil i ties and plant design and construction); 

(3) Some subjective judgment is  required on the part  of the 

0 investigator i n  order t o  f i t  some responses i n t o  the matrix. 

T h i s  explanation of the activity-phase matrix approach is n o t  

intended for purposes of advocating a general method. 

is t o  demonstrate w h a t  had t o  be done after the fact (i.e., after the f i r s t '  

i n i t i a l  mai l ing)  i n  order to  get a clearer picture of manpower distribution 

i n  the industry. 

The primary purpose 

3 

Additionally, i t  should not  be interpreted t h a t  each 

phase category i s  of equal precision. Particular attention should be paid 3 

t o  the definitions w h i c h  demonstrate t h a t  some categories are much more1 

3 



W 

v 

'6, 

J 

V 

V 

w 

Y 

.r3 

w 

3 

broadly defined t h a n  others. 

structing a I'Kitrix O f  unmanageable proportions. 

classifying the phases of development are  as follows: 

This was necessary i n  order to  avoid con- 

The  definitions used i n  

(1 )Disassociated. See previous definition. 

( 2 )  Research and development of materials , equipment, and methods 

refers to  ( a )  basic research, especially i n  the geophysical and geochemical 

areas. T h i s  effort is primarily conducted i n  higher education research 

programs. I t  also includes ( b )  applied research which i s  geared toward 

solving particular technological problems, especially a s  spelled o u t  by 

D.O.E. priorities i n  the industry, and (c )  efforts aimed a t  predicting 

where the resource occurs and reservoir performance, i.e., computer and 

physical model ing. 

(3) Manufacture of  materials- and equipment incorporates the physical 

production of a product and the design and technical support functions. 

Most respondents indicated activity i n  the area of different types of 

turbines, well head systems, and heat exchanger components. 

seriously 1 imits any inference from this category because of omitted 

elements on the manufacturing sector. 

This 

(4) Sales and service of materials and equipment is another area of 

1 imi ted inference because of the small number o f  respondents and their 

association w i t h  only a few of the activities. 

(5) Use o f  materials and equipment i n  temporary s i t e  specific 

locations includes efforts to  inventory resources, such as geological, 

geophysical , or  geochemical surveys. 

are also contained i n  this phase. 

( 

Temporary test facilities and d r i l l i n g  

( 6 )  Construction of permanent facil i ties contains electric (power 

plants), direct use (agricul tural  and processing}, and supporting (steam 



gathering systems) a c t i v i t i e s .  
rcr 

(7) Operation and maintenance o f  permanent f a c i l i t i e s  appl i es  t o  a l l  

categories i n  (b) above. 

(8) Planning, impact, and f e a s i b i l i t y  studies. This phase embraces 
'(3 

informatjonal and program research and eval uation, pol i c y  research, user 

surveys, and analysis f o r  scenario development. 

(9) Consult ing takes i n to  account work done i n  both the publ ic  and 
ly t 

pr iva te  sectors. This category appears to be predominantly composed o f  

s ing le person operations w i th  a few f i r m s  composed o f  several consultants. 

One marked problem i n  the c l a s s i f i c a t i o n  used i s  the i n a b i l i t y  t o  i d e n t i f y  v 
the legal  and finance phases w i th  consul t ing work. 

(10) Leasing and land administration. I n  the pr iva te  sector one 

I n  the 3 expl i c i  t charac ter is t i c  was property acquis i t ion f o r  c l  ients.  

publ ic  sector t h i s  i s  an area o f  major involvement f o r  government agencies. 

(11) Finance i s  a minor area t h a t  includes j o i n t  ventures, r a i s i n g  

i 

3 investment funds, and evaluating investment ventures. 

(1 2) Legal i s  another minor category. Speci f ic  responses concerned 

environmental and tax codes, the development o f  laws concerning the 

resource, and 1 easing . w 

(13) Education. This phase contained only  a small quant i ty  o f  person 

months and i s  characterized by teaching and supportive research. 

i t  i s  no t  possible t o  strongly i n f e r  from the  s t ructure o f  t h i s  study, i t  

appears t h a t  much o f  the research conducted i n  higher education i s  car r ied  

over i n t o  teaching and t r a i n i n g  research assistants. 

Though 

W 

Y (14) Pub1 i s h i n g  re fe rs  to  books, maps, magazines, d i rector ies,  and 

general information dissemination. 

3 
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(15) Government regulation. This function includes a variety o f  

reporting, review, eval uation, inspection, certification , coordinating, 

monitoring, and permitting activities. 

(16) Support ing services. This category is a general catchall b u t  

specifically includes management and administrative support functions, 

data processing, cl erica1 work, accounting, and contract work. 

Distribution of Person Months by Activities and Phases 

The matrices on pages 11- 26 through 11- 30 give a descriptive view of 

how manpower is allocated i n  the industry by the four organizational types 

combined and by each organizational type separately. 

several cells which register no person months. 

made t h a t  some person months allocated i n  other cells might  be more 

These matrices show 

An argument can perhaps be 

accurately defined i n  some empty cells w i t h  given activities or phases. 

However, closer inspection reveals t h a t  these are mostly highly undeveloped 

o r  undefined activities (e.g., space heating and non-electrical indus t r ia l  

applications) o r  t h a t  they are only pa r t i a l ly  attached t o  the indus t ry  
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Resource Exploration and Assessment (excluding d r i l l  i ns )  

Nearly one t h i r d  (30.4 percent) o f  a l l  manpower measured i n  our 

survey was engaged i n  t h i s  a c t i v i t y ,  and t h i s  was ( i n  1977) the highest 

a l l oca t i on  o f  manpower i n  any a c t i v i t y .  

i n t e n s i t y  o f  t h i s  a c t i v i t y  and the f a c t  t h a t  it i s  a necessary pre- 

requ is i t e  f o r  fu r ther  industry development. 

pa r t i cu la r  stage o f  growth i n  which the ' industry i s  most important ly 

involved. 

This r e f l e c t s  both the labor 

That i s ,  i t  r e f l e c t s  the 

It should also be noted t h a t  t h i s  i s  the only  a c t i v i t y  which 

correlated w i th  every phase o f  development. 

The la rges t  a l loca t ion  (4445 person months) i n  terms o f  the phase 

o f  development i n  t h i s  a c t i v i t y  was i n  "research and development o f  

materials and equipment." 

por t ion o f  t h i s  a1 locat ion was federal government employment (2334 person 

months), and i t  was more than double the manpower a1 loca t ion  o f  any other 

It i s  in te res t ing  t o  ngte that the la rges t  

c e l l  i n  the matr ix pertaining t o  t h i s  a c t i v i t y  f r o m  other organizational 

types. 

The temporary on-si te use o f  materials and equipment accounted f o r  

on ly  1852 person months o r  18.0 percent o f  the e n t i r e  resource explorat ion 

and assessment a c t i v i t y .  Even combined w i th  t h e  phases o f  "construction 

of permanent fac i l  i t ies "  and "operation and maintenance o f  permanent 

f a c i l i t i e s " ,  the share i s  on ly  raised t o  22.2 percent o f  a l l  resource 

explorat ion and assessment a c t i v i t i e s .  This emphasizes the la rge  amount 

of d i r e c t  and ind i rec t  support ( i n  terms o f  manpower) needed t o  maintain 

on-si te a c t i v i t i e s .  



U - Reservoir Design and Development (excluding d r i l l  ing) 

This a c t i v i t y  has 7.52 percent (2552 person months) o f  the t o t a l  

Nearly ha l f ,  1020 person months, i s  al located t o  estimated manpower. 

research and development o f  materials and equipment and most o f  t h i s  R & D 

i s  being ca r r i ed  on by the  pr iva te  sector (580 person months). Again, the 

I 
3 

d i r e c t  on-si te a c t i v i t i e s  account f o r  only 18.4 percent o f  the employment 

i n  t h i s  a c t i v i t y .  
V 

We1 1 D r i l l  i n g  and D r i l l  i ng  Services 
U 

This was the second la rges t  a c t i v i t y  and represented 18 percent o f  

The high labor  i n tens i t y  o f  t h i s  a c t i v i t y  the t o t a l  estimated manpower. 

i s  also re f l ec ted  by the  r a t i o  o f  on-si te e f f o r t s  t o  t o t a l  estimated 

manpwer i n  the a c t i v i t y ,  45.4 percent. 

substantial,  13.8 percent. 

Y 

The R & D e f f o r t s  a re  also 

0 

P1 ant Design and Construction 

r9 This a c t i v i t y  accounts f o r  12.7 percent of the t o t a l  employment. 

i s  s im i la r  t o  wel l  d r i l l i n g  i n  tha t  the r a t i o  o f  on-si te t o  t o t a l  employment 

i n  the a c t i v i t y  i s  qu i te  high (77.1 percent) r e l a t i v e  t o  other a c t i v i t i e s .  

It 

Y 

Steam Production and Transmission 

The bulk o f  t h i s  a c t i v i t y  appears t o  be spec i f i ca l l y  designated t o  
Y 

the construct ion o f  permanent f a c i l  i t i e s  ( i  .e., the reservo i r  feed system). 

114 



Also, this activity is  almost exclusively (98.7 percent) concentrated i n  

the private sector. 

Space Heating 

Space heating was the second smallest activity i n  terms of manpower 

w i t h  only 319 person months given. T h i s  activity i s  also h igh ly  concen- 

trated i n  the private sector w i t h  281 person months (or 88.1 percent). 

Electrical Energy Production 

T h i s  is one activity i n  which the results were clearly unsatisfactory 

i n  a t  l eas t  one phase, "operation and maintenance o f  permanent fac i l i t i es" ,  

which registered only three person months. 

obtain adequate information for other purposes i n  this area w i t h  the 

personal interview phase. Our results do show that  there is a h i g h  concen- 

tration of  manpower i n  research and development (504 o f  a total 952 person 

months i n  this activity).  T h i s  effor t  i s  .relatively evenly divided between 

the private sector (31 8 person months) and education institutions (246 

person months).  

Fortunately, we were able to  

Agricultural Appl ications 

T h i s  i s  another act ivi ty  which is dominated by the private sector w i t h  

433 o f  a total of 610 person months. 

allocation are i n  research and development (197 person months) and construction 

o f  permanent facil i t i e s  (1 76 person months).  

The major phases o f  manpower 



W 

None1 ectrical Industrial Appl ications rr 

kl i th  only 85 person months this ac t iv i ty  has the smallest amount of  

manpower. 

"planning,  impact and feasibil i t y  studies" (30 person months ) .  

T h i s  allocation i s  d iv ided  between R & D (55 person months) and 
v 

Environmental 
v 

As indicated i n  the personal interview phase and technology assessment 

phase of our study, i t  is  our view t h a t  this will be a growing area of 

employment. According t o  our estimates i t  accounted for  5.3 percent 

(1796 person months) of  the total employment i n  1977. 

involvement were research and development, plannlng,  impact and feasibility 

studies, consulting, 1 easing and land administration. 

U 

The basic phases of 

w 

Conclusions 

e 
The discussion u n t i l  now has been oriented toward the d i s t r i b u t i o n  

. o f  person mnths by activities and has demonstrated t h a t  the four major 

activities -- resource exploration and assessment, reservoir design and 
0 

development, well drilling and d r i l l i n g  services, and plant design and 

construction -- account for 23,209 person months (or  68.4 percent) of  a l l  

manpoher estimated i n  our survey. However, we cannot conclude - t h a t  this 
V 

amount of manpower is used directly a t  the development site. To get a 

better estimate of on-site activities one must examine the totals under 

the different categories under the phase heading. 
ud 

We believe three phases of development -- use of materials and 

equipment i n  temporary site-specific locations, construction of permanent 

'4 
c 
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facil  i t ies,  and operation and maintenance of permanent facilities -- take 

i n t o  account most on-site activities. 

categories for all organizations combined is 9628 person months (or 28.4 

percent). 

i n  our survey, and i t  takes much o f  the guesswork out  o f  t rying t o  

In fact the to t a l  under these 

This is considerably less than the to t a l  person months estimated 

determine what proportion of the to ta l  employment would be directly 

related t o  site-specific development i f  one were only looking a t  total 

employment by act ivi ty .  This sets the stage for a digression in to  the 

development of an employment multiplier for the industry which  can be used 

i n  our forecasting model. 

The Development o f  an Employment Mu1 t i p 1  ier 

With  the possibl e exception of resource exploration and assessment , 
our forecasting model (Part  IV of this study) was geared exclusively toward 

employment t h a t  we expected to be u t i l i zed  a t  the development si te.  There- 

fore, for reasons of consistency this i s  the portion of  the matrix which  

will be used as a base i n  developing a multiplier. We will develop a 

multiplier only for  the private sector b u t  for reasons of completeness 

will then p o i n t  out what  might  be the expected employment i n  the other 

three organizational types. 

* 

1 

As previously mentioned, one of  the weak links i n  this approach is 

i n  the activity of electrical energy production. We do not feel t h a t  the 

'Another approach could have been to develop the' mu1 t iplier for a l l  organ- 
izations taken together, b u t  we believe this would have introduced even 
more questionable assumptions about fixing the ratio o f  employment in other 
organizational types to  the private sector. 

.. 
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$mail survey generated a manpower p r o f i l e  f o r  t h i s  a c t i v i t y  t h a t  r e f l e c t s  

actual employment. However, th is shortcoming i s  a t  l eas t  p a r t i a l l y  

compensated by our confidence i n  estimates w i th in  other a c t i v i t i e s .  

U 

Since our forecast ing model i s  based only  on commercial e lec t r i ca l  w 

V 

v 

U 

energy production, we must subtract space heating, agr icu l tu ra l  app l i ca t  ,311, 

and none1 e c t r i c a l  i ndus t r i a l  appl i ca t ions  f r o m  the t o t a l  o f  on-si t e  

a c t i v i t i e s  (as denoted by the temporary a c t i v i t i e s ,  construction a c t i v i t i e s ,  

and operation and maintenance a c t i v i t i e s  under the phase heading), o r  

9240'person months - 229 person months = 9011 person months. 

be noted tha t  t h i s  i s  on ly  what we can measurably delete. 

t h a t  some por t ion  o f  the other a c t i v i t i e s  (e.g., resource explorat ion, 

reservo i r  design, and wel l  d r i l l i n g )  would be directed toward d i r e c t  use, 

but these cannot be measured. However, considering the small por t ion  o f  

the a c t i v i t i e s  t h a t  were deleted, t h i s  should no t  be a serious problem. 

It should 

It seems l i k e l y  

J 

Taking the 9011 person months derived above we now form a r a t i o  w i th  

a l l  other person months w i th in  the matr ix f o r  the pr iva te  sector which 

cannot be d i r e c t l y  re la ted  t o  s i te -spec i f i c  development i n  the numerator 

(= 14,538 person months) and 8951 person months i n  the denominator. This 

0 gives a m u l t i p l i e r  o f  14,538 + 9011 = 1.61 f o r  t he  pr iva te  sector. That 

i s ,  f o r  every person month o f  employment generated a t  the s i t e  1.61 

person months o f  employment w i l l  be generated elsewhere i n  the industry. 

Note t h a t  t h i s  i s  not a m u l t i p l i e r  o f  employment i n  the secondary sector, 

but  i t  i s  f o r  employment d i r e c t l y  re la ted  t o  the geothermal- industry 

(e.g., R & D, consulting, legal  services, etc.). 

us 

Y Since the other organizational types i n  the industry -- s ta te  and 

loca l  government, federal government, and educational i n s t i t u t i o n s  -- 

0 



form 30.6 percent o f  the t o t a l  estimated manpower, one might use t h i s  as 

a guidel ine f o r  the  addi t ional  employment which w i l l  be generated. 

However, i t  i s  no t  recommended tha t  i t  be used as a r i g i d  mu l t i p l i e r .  

Final Mail Survey 

A l l  Organizations which responded t o  the f i r s t  phase o f  our mail 

survey were candidates t o  be surveyed i n  the  f i n a l  mai l ing unless they 

e x p l i c i t l y  rep1 ied  t h a t  fu r ther  par t i c ipa t ion  was not desired o r  unless 

they were selected f o r  the personal in terv iew phase. This l e f t  a t o t a l  

o f  367 organizations f o r  the  f i n a l  survey, and these were d is t r ibu ted  

as fol lows: 

Pr ivate firm o r  ind iv idual  251 

State or l oca l  government 33 

Federal government 23 

60 Education - 
To t a l  367 

The questionnaire used i n  the f i n a l  mail  survey (see Appendix 11-A) 

was designed t o  gain more spec i f i c  knowledge about the s t ructure o f  the 

industry (Part  C: Primary A c t i v i t y )  , f luc tua t i on  i n  employment and 

geothermal employment as a pa r t  o f  t o t a l  employme (Par t  D: Employment 

Summary), occupational s t ructure by a c t i v i t i e s  ( P a r t  E: Occupational 

Employment i n  Geothermal A c t i v i t i e s )  attachment t o  on-si te a c t i v i t i e s  

(Part F: Geographic Si tes),  and the  proport ion o f  budget and workforce 

devoted t o  research and development (Part  G:  Research and Development). 1 

'Parts A and 6 were explanatory and asked f o r  corrected mai l ing address. 
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The resu l t s  from the survey as a whole were mixed, and each w i l l  be d is-  

cussed i n  tu rn  according t o  the questionnaire t i t l e s  c i t e d  above. 

O f  these 367 a t o t a l  o f  232 were accounted f o r  a f t e r  an i n i t i a l  and 

a follow-up mail ing. The fo l lowing describes how the number o f  useful 

responses was derived. 

Total mailed 367 

Nonresponden t s  -1 35 

Nondel i vera b l  es - 4  

'No longer i n  the  industry - 6  

Decided not t o  par t i c ipa te  - 4  

- 4  No data supplied - 

Respondents which provided 21 4 
data on a t  l e a s t  one par t  
o f  the questionnaire. 

Y 

Given below i s  the response r a t e  by organizational type based on the 

214 respondents. Also l i s t e d  are the means and medians o f  employment i n  

person months by organizational type. The combined response ra te  was 58.3 

percent (214 .i 367), the combined mean was 54.5, and the combined median 

was 13. 
yi 

1 

organization Type Response Rate Mean - Median 

Pr ivate firm 0.r ind iv idual  48.6% 62.3 12 

State o r  loca l  government 70.0% 26.7 16 

Federal government 78.3% 59.6 30 

Educa t i on 61.7% 49.1 18 

tr' 
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Primary A c t i v i t y  

Ident i f icat ion NO. 
FW2 
FW3 1 
FW11 
FJ5 
FI5 
F13 
FH40 
FH2 1 
FE29 
FE19 
FD 1 
DC77 
FW2 
FW3 1 
FWl1 
FJ5 
F15 
F13 
FH40 
FH2 1 
FEZ9 
FE19 
FD 7 
FC77 
FC50 
FC2 1 

S.1.C. code(s) 
9999 
7 629 
44 
1389 
9193 , 
951 7 
3600 
8601 
7389 
3563, 3511 
8980 , 
8999 

1629 
44 
1389 
91 93 
9511 , 
3600 
8601 , 
7389 

9999 , 

3563 ,, 351 1 
8980 
8999 
4931 ' 

9631 , 

i 

.- 
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Employment Summary 

T h i s  section of the questionnaire had two purposes. The f i r s t  was t o  

gain some i n s i g h t  i n to  the relative importance ( i n  terms of manpower) o f  

geothermal activities i n  relation t o  other activities i n  which the 

organizations are involved. The second purpose was t o  obtain data for 

1977 and 1978 t o  see if  there was an obvious growth trend, Table 11-6 

O n  the next page summarizes the resul t s .  

w 

J 

A central problem i n  forming geothermal t o  to t a l  employment ratios 

i s  the level of aggregation. This i s  especially true for the different 

levels of government and for educational institutions. Therefore, as a 

f i r s t  p o i n t  i t  may be argued t h a t  the geothermal t o  t o t a l  employment 

ratios. demonstrate the relative unimportance of the industry i n  re1 at ion 

w 

J 

t o  the total employment Of the Organizations involved. 

the low ratios (for 1977 and 1978 respectively) -0 educational .institutions 

(1.24% and 1.43%), federal government (.6% and .54%), state and local 

government (4.47% and 5.12%), and the private sector (.23% and .29%) -- 
this appears t o  be true for any particular organizational group, b u t  i t  

is important t o  keep i n  mind t h a t  some organiza Oris (especially i n  the 

private sector) may be totally dependent on the geothermal industry. 

Given 

J 

rd 

One notable feature of the ratios is t h a t  they demonstrate a slight 

w increase between 1977 and 1978, w i t h  the exception of  the federal govern- 

ment. However, if  one looks a t  the increase for a l l  organizational types 

added together, i t  only amounts to  .05 percent. , 

3 Finally, the ratio for the private firms surveyed by personal inter- 

viewwas 1.42 percent (923 + 65,123). T h i s  i s  considerably higher than  the 



mail survey (.23 percent), but it is also not surprising since we purpose- 

fully tried to include the larger firms in the personal interviews. 
w 

TABLE 11-6 
V 

Ratios o f  Geothermal to Total Employment by Organizational Type 

1978 - 1977 7 Clr 

Private Firm or Individual 779 = .23% .m 1008 = .29% m 
155 State & Local Government & = 4.47% ~ = =  5.12% 

w 

Federal Government m' 285 .60% .a = .54% 

185 227 Educational Institution 74,p2r 1.24% 1,841 = 1.43% 3 
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Occupational Employment i n  Geothermal Activities 

. 

occupational p ro f i l e  by the different activities i n  the industry. The 

following discussion is based on the data presented i n  the matrices on 

T h i s  section of the questionnaire was designed t o  obtain a very general 

the following pages. 

One might expect the occupational group of scientists and engineers 

t o  represent a large proportion o f  the to ta l  quantity of manpower i n  the 

industry. However, based on the 200 respondents t o  this pa r t  of our 

survey, the s c i e n t i s t s  and engineers category not only assumes a la rge  

1 cd proportion b u t  a1 so c lear ly  dominates the manpower s t ruc ture  of the industry. 
i 

i W i t h  a1 1 organization types taken together s c i e n t i s t s  and engineers account 

fo r  7,341 (or  59.3%) o f  the to ta l  12,375 measured person months. T h i s  

3 

3 

u3 

w 

preponderance exists no t  only f o r  a1 1 organizations taken together b u t  

fo r  each organizational type examined separately. 

The above description holds true not only fo r  each organizational 

type b u t  a l so  f o r  each ac t iv i ty  w i t h i n  any given organizational type w i t h  

only two exceptions. 

the "al l  others" category is the l a rges t  f o r  a l l  organizational types 

added together and f o r  the separate category pertaining to  the private 

sector.  

energy production and transmiss ion i n  which the dominant occupational 

group is technicians. 

In the a c t i v i t y  of well d r i l l i n g  and d r i l l i n g  services 

The other exception i s  i n  the pr ivate  sector  a c t i v i t y  of  electrical 

Geographic Sites 
3 

We attempted to  have the organizations respond by their involvement 

a t  par t icu lar  Known Geothermal Resource Areas (KGRA's) . The i n i t i a l  



S c i e n t i s t s  6 
Engineers 

Resource Explorat ion & Assess 
rnent (exc lus ive  of d r i l l i n g )  2436 

S k i l l e d  
Technicians Workers 

568 85 

Serv ices  

P lan t  Design and Construct ion 

Steam Production and 
Transmission 

I 
554 139 98 

. 267 71 20 
-~ ~- 

Electrical Energy Production 
& Transmission 

Space Heating 

Agr icu l ture  Operations 

. 197 39 0 

84 4 1 

1 2 0  33 , '  0 

c t c c t c c 

Horizontal  
To tal8 

A l l  
Others . 

3448 359 

1 460 Reservoir Design 6 Developmen 
(exc lus ive  of d r i l l i n g )  I 196 70 728 2 '  

597 Well D r i l l i n g  6 D r i l l i n g  I 522 401 I '  508 2028 

850 59 

72 430 

. .  250 14 

121  35 

161 . 8  

36 484 24 I I 410 . Non-electric I n d u s t r i a l  
Applicat ions I l4 

1388 I Environmental 260 I 6 134 

-~ 

679 2487 

Matrix Total 
V e r t i c a l  T o t a l s  I 7341 I 2176 795 2063 

12,375 
I I I 
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Total Person Months for Private Sector 

- I  

Technicians 
Horizontal 
Totals 

Skilled 
Worker6 

52 

Scientists br 
Engineers 

Resource Exploration 6 Assesa- 
ment (exclusive of drilling) 1559 

227 Reservoir Design 6 Development 
(exclusive of drilling) 

i 

I 
Well Drilling 6, Drilling ' 364 
Services 
Plant Design and Construction 

374 

Steam Production and 
Transmisslon 71 

Electrical Energy Production 
SI Transmission 

Space Heating 

. 24 

28 

32 Agriculture Operations 

399 I 

I 
2195 

408 114 - 
1600 331 + 504 63 

22 99 
-~ 

0 ' I  10 64 30 
I 

0 35 I 2 65 . 

8 14 
...I- - I 

2 51 2 Non-electric Industrial 
Applications 

Environmental 
i 

0 2 74 524 

17 1 39 . I 54 
801 . 537 I Other 

Mat& Toral 
6365 Vertlcal Totals 1222 535 I :97 
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Total Person Months for State 6 Local Government 

tlorizontal 
Totals 

Skilled All 
Workers Other8 ' 

Scientists 6 
Engineers Technicians 1 

I 

199 
Resource Exploration 6 Assess 
ment (exclusive of drilling) 21 

1 
10 4 

-~ 

Reservoir Design & Developmen 
(exclusive of drilling) 

I 

Well Drilling 6 Drilling 
Services 
Plant Design and Construction 

Steam Production and 
Transmission 

Electrical Energy Production 
& Transnrission 

0 0 11 
I 
I 

27 0 39 

5 0 5 0 

4 O I  3 0 7 

0 0 0 0 0 
I 

1 0 Space Heating 0 13 12 

2 0 0 Agriculture Operations 

Non-electric Industrial 
Applications 

Environmental 

0 * o  
.__.I-- - - .  - .  . .  

14 20 

0 12 

61 0 95 

60 6 78 

106 163 0 t her 1 . o  ' 56 
~- - 

Vertical Totals 

, 

Matrix Total 
612 30 
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S c i e n t i s t s  & 
Engineers 

c c f e t t e c 

Tota l  Person Months for Federal  Government 

Technicians 

c 

96 

c 

26 

0 

0 

0 

0 

105 78 

A l l .  
Other8 

Horizontal  
To ta l s  

Sk i l l ed  
Workers 

Resource Exploration & A8Se8S- 
ment (exclusive of d r i l l i n g )  

Reservoir Design & Development 
(exclusive of d r i l l i n g )  

Well D r i l l i n g  C D r i l l i n g  
Services  

' 141 1 18 

53 

48 I 113 163 
I __ ~ 

Plan t  Design and Construction 
' 2  I 0 2 0 '  0 

Steam Production and 
Transmission 0 0 

~ 

E l e c t r i c a l  Energy Production 
C Transmission 

Space Heating 

Agricul ture  Operations 

9 

7- 0 0 

0 '  1 0 

Non-el ec  t r ic  I n d u s t r i a l  
Applications 

0 I O I  0 0 0 

Environmental 16 199 

144 

1 
81 

-~~ 

Other ' 53 t 6 4 

Matrix Tota l  
7 11 Ver t i ca l  Totals 8 118 
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Skilled Scientists 

c f 

All 

c 

Resource Exploration & Assees- 
nent (exclusive of drilling) 609 122 32 150 

I I 

c 

78 
Reservoir Design 6 Development 

(exclusive of drilling) 17 8 
J 

Well Drilling & Drilling 4 0 
Services L 

Plant Design and Construction 131 0 

Steam Production and 0 0 Transmission 

Electrical Energy Production 1 .  0 

Spilce Heating 9 2 

& Transmission 

c 

- -~ 

Agriculture Operations 10 1 

Non-electric Industrial 8 .  0 

Environmental ’ 47 0 

Other 310 . 22 

Applications 

Vertical Totals 1307 225 

1 

15 . 

I I I Engineers I Technicians Workers Others 
1 

16 

0 I 
0 0 I 
0 I’ 0 

I 

0 I 0 

0 0 

0 0 

1 
0 0 

0 

0 

47 

c c 

Horizon tal 
Totals 

913 

256’ 

4 

131 

0 

1 

11 

11 

8 

47 

363 

Matrix Total 
1745 



intent was to  t r y  to  assess the magnitude of  labor impact on a more 

local level. 

many firms d i d  not  know the formal KGRA designations or replied w i t h  

some other geographic designation. A1 so, invol vement i n  specific 

However, this was n o t  a h ighly  productive approach since 

areas is only a short-term phenomenon for  most organizations, and i t  is 

not  possible t o  determine the proportion of their total geothermal 

employment which may be involved a t  any particular area a t  a given time. 

I t  is noteworthy tha t  most organizations d i d  view themselves as 

involved w i t h  a t  l eas t  one KGRA. T h i s  indicates the strength of 

attachment t o  si te-specific developments of our final survey group. 

Table 11-7 gives a breakdown of  the respondents t o  this question. 

ksearch and Development- 

Table 11-8 shows a partial breakdown by organization type of the 

responses t o  the question, "What percent of your organization's total 

geothermal budget i n  1977 was i n  research and development?" Note that  

many organizations l e f t  p a r t  o r  a l l  o f  t h i s  section blank. These a r e  

deleted from the count, and only the organizations which expl ici t l y  

stated zero are counted i n  this category. ' 

One parttcular observation from Table 11-8 is that  many firms (34) 

i n  the private sector are exclusively involved i n  research and develop- 

ment. 

this  category, '30.6 percent of the firms have their budget 100 percent 

allocated to research and development act ivi t ies .  

In other words, as a proportion of total respondents (111) to 

T h i s  i s  also quite 

comparable t o  the results from our personal interview survey i n  which five 

o u t  of the twenty firms responding t o  this question were 100 percent 
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TABLE 11-7 

Indicated no involvement Not Responding Indicated involvement 
at a KGRA to the Question with at least one KGRA Horizontal Totals 

Private firm or individual 3% 

State or local government 3 

Federal government 2 

Educational 11 

12 

2 

0 

3 

83 

18 

16 

26 

Total for all organizations 

133 

23 

18 

40 

21 4 
- 



z i e e c d d c c 

R & D Budget as a Percent of Total Budget . 

Private Finns or Individuals State & Local Governments Federal Government 

% o f  budget # responding % o f  budget # responding X o f  budget # responding 

100 34 100 10 100 5 

50 - 99 15 50 - 99 1 50 - 99 0 

17 1 - 49 2 1 - 49 0 

0 45 0 9 0 12 

1 - 49 

Educational lnsti tutions 

% o f  budget # responding 

100 16 

50 - 99 3 

1 - 49 4 

0 3 
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TABLE 11-9 

Percent of Geothermal Workforce Engaged i n  R & D 

Private Firms o r  Individuals State & Local Governments Federal Government 

% i n  R & D # responding, % i n R & O  

100 32 100 

50 - 99 17 50 - 99 

1 - 49 21 1 - 49 

# responding 

12 

1 

0 

8 

c 

% i n R & D  

100 

50 - 99 

1 - 49 

0 

# responding . 

5 

0 

0 

12 

c 

Educational Inst i tut ions 

% i n  R & D # responding 

100 20 

50 - 99 2 

1 - 49 

0 

5 

6 
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involved i n  research and development. 

occupational employment by geothermal activity, i t  appears that  R & D 

underpins much of the re1 atively h i g h  proportion of employment of  

scient is ts  and engineers i n  the industry. 

Based on our  discussion of 

Table 11-9 is  based on responses to the question, "What percent 

of your organization's total geothermal workforce is engaged i n  research 

and development?" The table indicates that the R & D budget allocation 

is  highly correlated w i t h  the relative proportion of employment i n  this 

activity i n  the private sector. That is, 52.1 percent of .private firms 

responding to this category indicated that some proportion of their  

manpower were involved i n  research and development efforts. T h i s  is 

s l igh t ly  higher .than the 49.6 percent which gave the same indication 

for  the f i r s t  question on budget allocation. 

Conclusion 

Though the matrices on which much of the discussion i n  this part of 

the study is based contain some a b i g u i t i e s ,  they have proven to be a useful 

tool i n  analyzing where manpower i s  allocated i n  the geothermal industry. 

For example, i t  i s  obvious t h a t  research and development is the dominant 

phase of act ivi ty  i n  the industry, and the dominant actjvity is  resource 

exploration and assessment. 

0 

Both  o f  these ref lect  the infan t  nature of 
e 

the geothermal industry. 

Another f i n d i n g  is  that scient is ts  and engineers compose more than 

half of the estimated manpower requirements i n  the industry.  

i t  appears that  manpower is h i g h l y  concentrated i n  only a few firms which 

form the stable core o f  employment for the industry w i t h  which a large 

number of smaller peripheral (marginally attached) firms are  associated. 

Finally, 
3 
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Cover Letter and Questionnaires Used in 

the Three Initial Mail Surveys 



w. . 

3 

Dear S i r s  : 

P o s s i b i l i t i e s  of rapid expansion i n  the  development of geothermal energy 
resources have focused a t t en t ion  on the  po ten t t a l  manpower requirements 
of such development. 

W 

The Department of Energy has asked us t o  conduct a survey of employment 
by occupation i n  geothermal re la ted  activit ies during 1977 as a base from 
which to pro jec t  manpower requirements t o  1985. The ob jec t ive  is to  pto-  
vide e a r l y  warning to  government and industry if any po ten t i a l  manpower 
problems ate  implied. 

To assist i n  s e l ec t ing  a sample for  the  survey which is t o  occur i n  
Xoveder 
memorandum by November 1,1978. 
in t h a t  sample, you w i l l  be supplied w i t h  its r e s u l t s ,  as w e l l  as the 
projec t ions  to '  follow. 

We grea t ly  appreciate  your cooperation i n  t h i s  matter. 

Sincerely , 

Y 

V 1978, w e  ask your organization t o  complete and r e t u r n  t h e  enclosed 
If your organization is chosen t o  p a r t i c i p a t e  

Y 

0 i/: - * .  Garth - f l k v  1 L. Mangum , 

Principal  Inves t iga tor  

ab!: g l  

W Encls . 

w 
. 



DATE : FeSruary , 1978 

Fw TO: CEXYEXXQ, ?LISPO\JER PROJECT 
' I!LLF,IE Resources I n s t i t u t e  

4 12 Business 0 Pf i c e  Building 
University o t  Utah 
S a l t  Lake City,  Utah 84112 

3E: ?fail sample  survey of employment by occupation - in the  geothermal indus t ry  

Our organiza t ion  w a s  no t  engaged in geothermal r e l a t e d  a c t i v i t i e s  dur ing  1977. 

Total  enployment i n  our  var ious geothermal operat ions were as follows during 1977 
(counting persons on own payroll-including supervisory,  c l e r i c a l ,  d a t a  processing,  * 

and o the r  support ing personnel-working a t  the above address o r  at. b r a n c h j f i e l d  o f f i c e s )  : 

1) 

3 
We Specia l ize  I n  (specify research 
area, type of consul t ing wark, 
d r i l l i n g  s e r v i c e  performed, type 
of construct ion company, e tc . )  Person Months* 

l s source  explora t ion  and assessment 
Reservoir design and developnent 
Well d r i l l i n g  and d r i l l i n g  se rv ices  
P lan t  design and cons t ruc t ion  
Stem production and transmission 
Space heat ing - 
Agricu l tura l  app l i ca t ions  
O t h s r  (specify)  , 

r 

?!!e above information w i l l  be used t o  select a s t r a t i f i e d  random sample fo r  a m a i l  survey 
t o  5e  conducted i n  A p r i l  1978. 
survey does not so l i c i t  f i n a n c i a l  o r  technical  informetion. 

2) 

We can a s su re  you the  quest ionnaire  be ing  developed f o r  t h e  
V 

I f  our  orgac iza t ion  is se l ec t ed  to  participate i n  t h e  A p r i l  survey, the ques t ionna i r e  
should be mailed to: 

> 

(Division /Depar tmen t ) 

(Contact Person) 

(Address-if d i f f e r e n t  from above) 

(Area code - phone # - X) 
w 

3) 9 u r  organiza t ion  contracted geothermal work during 1977 t o  (please l is t  c o n t r a c t o r s  i f  
t h e  work performed €or  your organizat ion t o t a l l e d  $25,000 o r  more): 
Contractor  name Address * 
Contractor name Address 

(Please continue on back of page i f  mre space is needed) W 

(Sigaature  and T i t l e  of Responden:) 
*TO avoid poss ib le  mis in t r ep tc t a t ion ,  - one person working in geothermal r e l a t e d  a c t i v i t i e s  

for rvelve months should be counted as 12 person m n t h s ;  
S5Cxld be counted as 6 person nc,nths, e t c .  

persons f o r  t h r e e  months 
*$ 



w 

DATE: October U, 197% 

TO: G E O m E m u  KmPom PROJECT FROM: 
Hunarr Resources Institute 
412 Business Office Building 
Unioers%Ltp of Utah 
S a l t  Ltlrc City, Utah 84112 

lhil Samole Same? of Employneat by Occupation. i n  the  Geothenual Industry 

c] Our  organlzat%on was not engaged in geothermal r e l a t ed  ictivitiu during 1977. 

Tota l  mployrnent ia oar Various geotharmat operatioas were as follows doring 
2977 (courrting p a s o n s  on ovn payroll - fnctuding superpisory, cleric& data 
processing, and o the r  mpotting persoopel  - worlcLng a t  the above d r e s s  o r  
at  brooch/ffeld off ices .  

RE: 

( 1) 

Besource exploration & assusmene . 
(excIusipe of d r U  

Reserrrofr design h devel 
(exclusive of d r  

The above laformation u i I l  be used f o r  a mafl sur?ey t o  be conducted i n  Xomnber 1978. We 
can assure you t&e questtonnaize belug developed f o r  the lcurrrey does ant s o l i c i t  f i aanc ia l  
OI: te*ical iaforlnation. 

(2) 

(3) 

If your otganization doas uot wish t o  p o t t i d p a t e  La the September s-7, please 
check. 
If pour org;aofzatiolr I 8  selected t o  pa r t i c ipa t e  ia t h e  September surrey, the questiomLaire 
should be d d  to: 

( D i v i s i o n / D e p a r t m n t )  0 
(Cootact Person) (Area Code - Phooe d - X) 

(4) Our organization contracted geothermal work durins 1977 t o  (please list contractors if 
t he  work performed f o r  pur organization to t a l l ed  $2S,OOO o r  more): 
Contractor aanbz Address 

Contractor name Addresr 

(Signature urd Title of Respondent) 
Up0 rooid possible misfatrepretation, person working in geethemel r e l a t ed  activities 

f o r  twelve moptb ahodd  be cotmted as 12 versou months; tJ0 persons f o r  three mnthr 
should be counted as 6 uersoa mnths, ate. 
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Cover Letter, Follow-up Letter 

Questionnaire Used in Final Mail 
U 

and 

Survey 



f4arch 33, 1979 

- .  

inquiry cmcerning manpower i n  the 
r your willinpess :o participate in a follotwip 

the purpse of ou r  stydy is to estimate t h e  present 
ments i n  the geotherrcal 

ect ,  we have 
i t i a l  resgonse 33--you msy mre easi?y reca'rl your in- 
gation. A l s o ,  the f ina i  questicnnaire i s  enclosed, I t  

o v t .  cf Energy. 

urr%te delays i n  the proqr 

. is  designed to obta in  a general occupational breakdown and other retativc f n f w -  

1 activities that  have cme t o  air atten- 

mation necessary to maximize the usefulness crf the deta we slready hare, 

!de have tried to  include a l l  the gen 

a1 ready g i ven his informtion, i t  i s  not necessary far you t o  l i s t  y o w  specific 
3 t i o n  froin the  n i  t i a l  questicnnai re rssoonses. P l e s e  fiotz t h i t  s h e  you heve 

de alf pDtential 
cl uded "ather" 

gain, I w u l d  3 k e -  
4 
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ce and effarts 
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r 
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tkrch 33, 1979 

Richard Hannah 
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d 

Ui’i IVEXITY OF UTAH 
SALT LAKE CITY, UTAH 54112 

W 

A SURVEY OF GEOTHERWL RELATED E:*?PLOYME?!tT 

Somsor: U.S. Deprtnent o f  Energy 
Division of  Yanpower Assessment 

and Geothermal Energy 

Participation i n  t h i s  survey is  voluntary. The information your organization orovides ‘ 

will be kept strictly confidential. 
i n  aggregated form t o  assure confidentiality o f  individual responses. Your cooperation 
i s  needed t o  make t h e  results o f  this survey comprehensive, accurate, and t imely.  
A metered return envel ope ’ i s  enclosed for your convenience. 
you have any questions on how t o  complete this questionnaire: 

Data will be sunarited,. analyzed, and published 

Contact Richard Hannah i f  
(801) 581-8760 o r  6127, 

?r3 
Reply Date: Please complete and return this questionnaire by April 30, 1979 to  avoid 

further correspondence. 
Survey Resul t s :  Mould you 1 ike a copy o f  the sumry report of this s tudy?  

Yes No ( p l  ease ci rcl e) 
W 

A .  ORGANIZATION (please correct i f  necessary) 
Person completing th is  questionnaire: 
Name 

!. t i t l e  

Phone 
3 

5. SCOPE OF SURVEY 
For the purposes o f  this survey, an organization is  considered t o  be i n  qeothennal 
or geothermat related energy work i f  i t  i s  engaged i n  any of the .act ivi t ies  listed 
i n  the definitions on page 3, 

3. - 

C. PRIMARY ACTIVITY 
Mhat is  the Standard Industrial Classification (SIC) code o f  your organization, 

(The SIC code is the code number which best describes the most important product 
or service provided by your organization). 

f known? 
%J 

0. EMPLOYYENT SWMRRY 
1. What was the total number o f  employees i n  your organization i n  the payroll 

w periods which included: 
(a)  September 72, 1977 
(b)  September 12, 1978 ? Include a l l  employees whether 

2. O f  the total number o f  employees reportad above, haw mny were working i n  
geothermal re1 ated activi t ies? 

, and 

or not  engaged i n  geothermal related activities. 

G 

(a)  September 12, 1977 
( b )  September 72, 1978 

d 



Types of Activity 

Resource Exploration & Assess- 
ment (exclusive o f  d r i l l i n g )  

Reservoir Design & Development . 
W (exclusive o f  drilling) 

Me1 1 

P lan t  Design and Construction 

3 

Orill irlg & Ori 11 ing Services 

U Steam Production & Transmission 

Electrical 'Eneray Production & 
Transmission 

. Space Heating 
Y 

. KGRA Other 
Not involved w i t h  a KGRA (please check) 

G. RESEARCH AND OEVELOP!*IENT (See definition on page 4) 
3 .  '1. What percent o f  your organizat ion 's  to ta l  geothemal budget in 1977 was i n  

research and development? percent 
2. !dhat percent of  your organization's to ta l  geothermal workforce is primarily 

engaged i n  research and development? . - percent 

r 

Scientists -3 1 Skilled i A:I I 
Engineers Technicians Morkers f Others 

I ! * _  

I 
1 

1 t 
I I 

I- 
I I 

1 

I 

U 
THA?IK YOU FOR YCUR CGOPEX4TIr)N 

I Agriculture Operations 

Non-el ectric Industrial 
Appl i ca ti ons . 

I 
I 

i 
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/ .  DEF I NI TI0 !IS 

TYPE OF ACTIb'ITY 

v .Resource Exblorst ion and Assessment - (exclusive of dri l l ing) includes any 
s i ts  sDeci fjc, regional , o r  national effort t o  inventory geothermal resources 
and to  identify and define the characteristics and feasible developmgnt o f  
individual reservoir systems. This activity includes remote sensins, surface, 

. and subsurface techniques. 

V 

V 

Reservoir Oesiqn and Development - (exclusive of d r i l l i n g )  includes the 
utilization o f  materials ana Rethods which are necessary to enhance t h e  
discovered resource for energy conversion o r  direct use. 
hole pumps, field stream control, design and analysis, scaling and corrosion 
control, and other activities relative t o  the physical and chemical character- 
is t ics  o f  the reservoir. 
is  treated below. 
Well D r i l l i n q  and O r i l l i n g  Services - are composed of any d r i l l i n g  activity 
and any direct support services necessary for the implementation o r  continuation 
of dr i l l ing .  
(e.g., well logging and sampling) and a t  developing the resource i n  i ts  various 
states . 

Examples are down 

This activity excludes t ransmit t ing the stem which 

T h i s  category includes efforts aimed a t  assessina t h e  resource 

Plant ,Design and Construction - applies t o  electrical generating plants only 
but includes both p i l o t  p lants  and larger commercial p lan ts .  

v 

Steam Production and Transmission - erkorqasses the process invol ved i n  t rans-  
m i t t i n g  the resource fro! t h g l h e a d  to  the s i t e  of use, either f o r  energy 
conversion or direct use (excluding space heating). 
Electrical Energy Production and transmission - applies basicafly t o  operation 
and maintenance manpower necessary for the production of e lectr ic i ty  for  
commercial sale. for use i n  an adjunct commercial project, o r  for  a project 
tes t  facil i ty which i s  anticipated t o  demnstrate commercial feasibil i ty.  
Space Heatina - includes any .direct use application for  heating residential, 
commercial , o r  governmental establishments. 
Agricultural. Operations - include any effort directed a t  us ing  the geothermal 
resource f o r  food growrng ( p l a n t  or  animal) i n  greenhouses o r  any other 

Nonelectric Industrial Application - another direct use activity t h a t  takes 
i n to  account tire extraction o f  by-products from the resource (e.cj., mineral 
recov.ery) and processing functions (e. g . food dehydrati an). 
Environmental Actfvity - incorporates any effort t o  study, monitor, estzblish 
standards, or regulate the qual i ty  of a i r ,  water, the surrounding habitat o f  
fish and wild1 i fe ,  and natural qeologic features associated wi th  existing and 

W 
, 

v 

. establishment designed for  this purpose. 
' 

Y 

0 proposed geothermal develooments 

OCCUPATIONS 
Scientists - persons who are actually engaged i n  scientific work a t  a level 
which  requires a knowledge o r  the equivalent t o  t h a t  acquired through completion 
o f  a four-year college course with a major i n  one of the science fields,  
regardless of  whether they hold a degree. 
occupations as geologist, physicist, and mathematician, etc. 

W 
Includes persons employed i n  such 
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Enaineers - persons actually enaaged i n  c ivi l ,  electriczl, mechanical, 
m i c a 1  , and other types o f  enaineering work a t  a level which rerjuire-s 
knowleclqe o f  engineering equivalent a t  least t o  that acquired through 
completion of a four-year college course, regardless of whether they hold a 
degree. 
Technicians - persons who work i n  direct support of  engineers and scientists,  
u t i 1  i r i ng  theoretical knowledge of fundamental scientific, engineering, math- 

school training o r  i ts  equivalent, b u t  less t h a n  a bachelor's degree. 
Skilled Yorkers - persons i n  production, maintenance, construction, repair, 
powerpl a n t , .  and material hand1 i n g  occupations that predominantly require a 
thorough and comprehensive knowl edge of processes Snvol ved in the work, the 

. exercise of considerable independent judgment, and usually a h i g h  degree o f  
manual dexterity, 
boilermakers, machinists, toat and die makers, etc. 
A l l  Other Vorkers - includes b u t  not limited t o  clerical workers, service and 

. sales workers, operatives, and laborers. 
professional workers such as lawyers, accountants, financial analysts, and 
managers are also included i n  this category. 

V 
. 

U ematical, o r  d r a f t  design principles. Vork usually requires some post-high . 

Includes persons *employed i n  such occupations as electricians, v 

Non-scientific, non-engineering 

V 

v .  

KNOMN GEOTHE!W4L RESOlECE AREA ( K G R A )  
"Known Geothermal Resource Area" means an area i n  which the geology, nearby 
discoveries, competitive interests, or other indicia would enaender a belie 
i n  men who are experienced i n  the subject matter t h a t  theprospects for  
extraction o f  geothermal steam or associated geothermal resources are good 
enough to  warrant expend1 tures of money for t h a t  puroose. 

f 

RESEARCH AN0 DEVELOPME3T 
Includes the following types of  activities: ' ( a )  p u r s u i t  o f  planned research 
of*%ew knowledge, whether o r  not the research has reference to  a specific 
application; (b)  appl lcation o f  existing knowl edge t o  problems involved i n  
the creation of a new product o r  process, including work required to  evaluate 
possible uses; (c )  application of exis t ing  knowledge to problems involved i n  
the improvement ,of an existing product or  process. 
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SUMMARY OF FINDINGS FROM 

THE PERSONAL INTERVIEWS 

w .  
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Introduction 

The personal interview phase of the manpower assessment study was 
W conducted i n  order t o  obtain detailed information about  development si tes,  

current o r  potential occupational bottlenecks, emerging occupations, the 

occupational structure i n  certain areas of the industry, and additional 

information t h a t  would be helpful i n  making manpower projections. The 

interviews were conducted from October of 1978 u n t i l  February of 1979 and 

covered thfrty-five firms, five o f  which were included for purposes of 

t r a i n i n g  an interviewer. With the exception of the firms included for 

t ra ining purposes, the following is an outline of  the criteria used for  

selecting the participating firms. 

w 

crr, 

W 

Criteria for Selection 

0 The firms selected for personal interview were drawn from the 

responses to the i n i t i a l  questionnaire mailings. We elected t o  concentrate 

only on the private sector because i t  is i n  this area t h a t  the key decisions 

will be made determining the growth and needs of the geothermal industry. 

Also, i t  appeared that a minimum of thirty t o  fo r ty  firms would have to  

be interviewed i n  order t o  develop an acceptable concensus. 

our limited resources, the decision was made not t o  include the government 

Y 

Therefore, given 
v 

and educational ins t i tu t ions .  

Based on the preliminary results from. the in i t ia l  questionnaire 

mailings and upon other information pertaining t o  the geothermal industry 

key firms could be identified by their type of-activity i n  the industry and 

the quantity of manpower devoted t o  these activities. Hence, one criterion 

w 

W 
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v ’ was t o  t r y  t o  include a variety of activities,and the other was to  interview 

the firms t h a t  were most heavily involved i n  the geothermal industry i n  

terms of manpower. 

10 - 12 firms were the primary employers i n  the industry. Our subsequent 

research upholds this as an accurate observation. 

I t  was apparent a t  the time of selection tha t  approximately 

Y 

Firms involved i n  suppor t ing  services i n  the industry were not  of 
3 primary concern in- this phase of the study. 

information could be obtained from firms directly involved i n  a major 

activity a t  a geotherkl site. 

useful criterion. 

We fel t  t h a t  the most useful 

Finally, location d i d  not prove t o  be a 

Though i t  appears tha t  most major firms are based i n  

’ California, their act ivi t ies  are usually conducted a t  several different 

w 

sites and often i n  several different states. 

Obviously, the criteria out1 ined above had t o  be tempered somewhat. Y 

Several important firms would n o t  submit to  an interview, and a1 ternate 

selections had to  be made. Table  111-1 lists: the types of firms’ interviewed. 

In some cases the type i s  quite general and i n  others a specific activity 0 

is given. The designation varied w i t h  our  knowledge of a given firm and the 

firm’s description of i t s  own.activities. 
CI 

Y In general the interviews yielded 1 ess information t h a n  we anticipated. 

Some firms were highly reluctant Several factors contributed t o  this result. 
- t o  provide information because they feared i t  might  f a l l  i n t o  their competitors’ 

Y hands, despite -our pronounced assurances t h a t  all information would remain 

confidential. For example, a few firms admitted t h a t  they had conducted 

their own internal studies on manpower requirements and other geothermal 

W 
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TABLE 11x4 

Firms Included i n  Personal Interview Phase 

v 

V 

Y 

w 

w 

v 

3 

W 

Ident i f ica t ion  Number Type o f  Finn and/or Major A c t i v i t i e s  
exploration and assessment (excluding d r i l l i n g )  1 

2 
3 

4 
S 

petrol em 
e l e c t r i c a l  u t i l  I t y  (construction, operation, and 
maintenance of power plants)  
well d r i l l i n g  and d r i l l i n g  serv ices  
research, development b d m n s t r a t i o n  of 
power plan ts  

6 information co l lec t ion  and disSunlnatlon 
7 well d r i l l  Ing and d r i l l i n g  services 
8 exploratfon and assessment (excl uding d r i l l  lng) 

9 electrioal u t i l i t y  (R b 0 o f  plant  design and 
construct ion)  

10 . exploration and assessment (excluding dr i lTing)  . 

11 explorat ion and assessment (excluding d r i l l  ing) 
12 \ direct use (agrfcul t u r a l  appl ica t ions)  
13 expl o r a  t ioni -&$-+ses-su&nt . CexCJ udi ng -@-1 l i n g )  - 
14 petrol  em (exploration and assessment, incl uding 

d r i l l  Ing) 
1.5 explorat ion and assessment ( including dr i l l  ing) 
16 explorat ion and assessment ( inc luding  d r i l l i n g )  

exploration and assessment (including d r i l l i n g )  
reservoi r  development. and steam production f o r  
electrfcat power p lan ts  
well d r i l l i n g  and d r i l l  fng serv ices  
exploration and assessment (including d r i l l  ing) 

indus t r ia l  research and p lan t  design 

supporting serv ices  f o r  construct ion sites 
power plant  engineering and design 
p r o j e c t  design and construct ion management 
utttl I t y  (design, conStrUCtIon,and operation of 

research and development o f  reservoi r  
engineertng equlpment 
petroltuin (exploration and assessment, 
includf ng d r i l 1  ing) 
exploration and assessment, p l a n t  design, and 
construction, steam production and transmission 
exploratory d r i l l  ing and production d r i l l i n g  
exploration and assessment (including d r i l l  ing) 
feasibil i t y  s t u d i e s  for  commercial i t a t i o n  
exploration and assessment (excl uding d r i l l  ing) 
el e c t r i c a l  u t i l  I t y  (power p lan t  construction and 
demonstration) 
exploration and assessment (excluding d r i l l i n g )  

- . I? 

18 
19 
20 planning. power p lan t  construct ion 
21 
22 well d r i l l f n g  
23 
24 
25 
26 

21 

28 

29 

30 
31 
32 
33 
34 

$35 

> power plants)  

# 

I 

-1s f i n n  was dropped from any quant i ta t ive  ana lys i s  because a l l  of its 

geothermal involvement was i n  o ther  countrles. Other i n f o m t l o n  obtained 

in  the Interview is incorporated in to  the study. --- . ----.-____ 
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w 

Y 

needs b u t  would not allow us to  view them. In some cases this was under- 

standable because of the complexities of j o i n t  ventures and the rights of 

proprietary information. However, the major problem appears t o  be the 

prevail ing  uncertainty i n  the industry. T h i s  uncertainty permeates a l l  

phases of the industry and includes the broad spectrum of activities 

ranging from resource definition t o  the determination of the l i f e  of a 

reservoir. The uncertainty i tself  emanates from two basic causes. One is 

due t o  the infan t  nature of the4ndustry and the accompanying technological 

and economic unknowns. The other is insti tutional constraints to  develop- 

ment -- definition of property rights, taxation policies, and regulatory 

controls -- which must be resolved. 

inst i tut ional  problems were singled out  as the most cumbersome t o  the 

In all  phases of this study the 

growth and development of the geothermal industry. 
U 

Another problem w i t h  the personal interview approach was the length 

and detail of the interview guide  (see Appendix 111-A). This may have contributed 
t o  nonresponse t o  some of the questions and inaccuracies i n  others. For V 

example, some firms provided 1978 data on the employment summary rather 

'than searching their f i les  for the 1977 data. However, we would l ike t o  

observe that a l l  the firms interviewed were quite helpful, and most 

explained why conflicting interests prohibited them from providing more 

informat ion. 

. 

%J 

Y As a f ina l  observation i t  appears that cul t ivat ion of the interviewees' 

interest and involvement by telephone and mail and then a final comprehensive 

mail questionnaire would have produced equally satisfactory results. 

-Considering the greater expense of personal interviews this is an important w 

i n s i g h t  for future studies. 

W 
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V Results from the Personal Interviews 

Response t o  the various sections o f  the interview guide ranged from 

nonexistent t o  almost 100 percent. For example, not a single firm provided 

us w i t h  their S.I.C. code(s), b u t  on the other hand, a l l  firms b u t  one 

provided a t  least a partial  estimate of their to ta l  o r  geothermal employment. 

The following is a short summary of the aggregated responses t o  each section 

V 

3 of the interview guide. 

Employment Summary 
' 

ratio o f  geothermal t o  total employment. Note t h a t  the numerical values are 

expressed i n  terms o f  number of employees rather than  i n  person months. 

Table 11112shows the replies t o  this section, and Table 111-3 shows the 
Y 

* 
Geothermal Sites Where the F i rm is Involved 

Sectioh A (1) yielded comprehensive responses from 23 of the firms 

interviewed. 

information which  might ident i fy  those firms w i l l  be presented. 

less, such information was used extensively i n  developing an overall 

picture o f  industry growth. 

However, i n  keeping w i t h  our confidentiality pledge, no w 

Neverthe- 

w 

Problem Occupations 
w \ 

The majority (eighteen) of the firms intervlewed anticipated problems 

i n  recruiting an adequate workforce. No signigicant pattern based on the 

type of firm or the size of firm was exhibited i n  these responses. Coments 

by the interviewees revealed t h a t  shortages o f  skilled personnel and laborers 

- 

W 

-rr 

* 
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TABLE 111-2 

Employment Summary 

i 
i Identification Number Total Employees Employees Engaged in Geothennal 

Act1 v i  t i e s  

~ 

1 9 9 
2 90 24 

V 3 406T 22 
4 10 8 
S 1 3U 65 
6 6 6 
T 561 9 
8 18 15 
9 3500 3 

10 30 
11 2 2 
12 53 14 

*13 1 1 
14 1700 6 
15 41 41 
16 60 60 
17 50 50 
18 250 43 
19 6 6 

*20 6 6 
21 15 

*22 11 11 
r 3  6 6 ’  

0 24 51 42 
2s 40 5 
26 25.537 253 

Y7 100 20 
28 .. 28 

(3 29 30 30 
30 - - 
31 10 10 
32 500 36 
33 1 5,230 16 

v 34 13,024 35 
17 

1 
1 

1 3 

26 - 1  

Y 

,- 

Y 

. .  
# 

- 17 -35 - 
TOTAL 65,140 (fncluding #35) 940 (including 135) 

923 (excluding 135) 65,123 (excluding #35) 

I *Finns included for purposes o f  training the interviewer. 
*Oeleted from further quantltatlve analysis because enployees were i n  r3 

other countrfcs. 

I 
I 

I W 
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. TABLE 111-3 

Percentaae o f  Geothermal to Total Emoloyment 

Identification Number Percentage 

1 
2 
3 
4 
5 
6. 
7 
8 
9 
10 
11 
12 
13 
14 
T I  
16 
17 
18 

- 19 
20 
*21 
22 
23 
24 
25 
26 
27 

29 
+30 
31 

*28 

c 

34 
*35 

*lnsufficicnt data for cooputation 

100.0% 
26.66 

.so 
80.0 
50.0 

T00.Q 
1.60 
83.33 
.09 

86.66 
100.0 
26.42 
100.0 

100.0 
100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

.35 

17.20 

.- 

82.35 
12. so 
.99 

20.0 

100.0 

100.0 
7.20 
.ll 
.27 

-- 
-- 

Y 
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v could be attributed t o  either remote development si tes o r  areas of heavy 

development activities which taxed the local manpower pool, o r  a combination 

of  the two. The former was viewed as a short-term phenomenon if the 

a c t i v i t y  was a short duration exploration. Geothermal sites i n  

Southern Utah and Nevada were mentioned i n  this group. The heavy develop- 

ment activities (reservoir completion, power p l a n t  construction, and power 

3 

plant operation and maintenance) , posed more serious long-run problems bu t  
1 appeared to  be limited t o  developments.at Imperial Valley and The Geysers. 

The other category o f  shortages, scientific and technical personnel , 
w 

was viewed as a pa r t  of an overall national problem. Most firms responding 

wi th  t h i s  concern felt  t h a t  the geothermal industry was a t  a considerable 
competitive disadvantage w i t h  the i o i l  and gas industries i n  recruiting this 

type of manpower. 

new industry and the additional t r a i n i n g  required t o  acquaint new personnel 

w i t h  the unique aspects o f  the  geothermal resource. 

c, 
Reasons given were the uncertainties associated w i t h  a 

V 
The following is a synthesis of the information provided i n  sections 

A 3(a) and A 3 ( b ) ' o f  t h e  interview guide. As previously stated, eighteen 

firms provided information on A 3(a).. Section A 3(b) yiecded-useful responses 
w 

Recent assessments o f  the socioeconomic impacts of proposed geothe 
developments i n  these areas can be found i n  National Science Foundation, 
Imperial County California: Geothermal Element, 1975, and i n  Cal ifornia 
Resources Conservation and D€W?lOpment Commission, Consultant Report: 
Environmental Analysis for Geothermal Energy Development i n  The Geysers 
Region, Volume 11: Master Environmental Assessment, May 7977. 

m a l  
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from eleven firms. The problem occupations t h a t  were discussed are divided 

in to  two groups, primary problem occupations and secondary problem occupations. 

The primary problem occupations are the ones most often mentioned and viewed 

as the most serious. The secondary problem occupations were not revealed as 

being widespread and were generally of a short-run nature. 

Primary Problem Occupations 

- 

GAlogists. -There is a pronounced shortage of geologists w i t h  experience 

i n  hard rocks (granite) and volcanics. Ski l ls  i n  one type of resource 

(e.g., oil  or  gas) are not necessarily sufficient for work i n  the 

geothermal industry, especially since the geothermal resource i tself  is 

not of a homogeneous nature. 

minimum requirement, b u t  orientation to  the geothermal resource is 

A master's degree appears to  be the 

* st.ill necessary. 

Geophysicists. The  comments directed a t -  geologists also -apply. t o .  geo- 

physicists.. One observer d i d  p o i n t  o u t  that communica:tion between 

geologists and geophysi&ists needs t o  be improved [e;g; , i n  the area 

of f a u l t  Sdentification) . 
Reservoir Engineers. The geothermal ndustry faces stiff c o w t i  t i o n  

from the o i l  and gas industries i n  the recruitment of reservoir engineers. 

T h i s  problem is compounded by the urgent need i n  the geothermal industry 



W 

t o  improve techniques of reservoir assessment and development i n  order w 
t o  reduce the risk to investors. 

Environmental Engineers. A1 though  only one firm strongly emphasized 

3 this occupation as a current problem (the areas of expertise needed 

being i n  discharge o f  hot f l u i d s ,  gases, and ground subsidence), it i s  

our conclusion tha t  i t s  potential as a significant bottleneck 

@ occupation is considerable. T h i s  view is reinforced by the technology 

assessment portion o f  this study i n  which i t  was pointed out  t ha t  

environmental problems w911 become more serious a s  the industry grows, 

V and the various forms of the resource are utilized. 

Y 

Drill Rig Personnel; The pmblems here exist from the lowest t o  the 

highest skill levels employed a t  the d r i l l i n g  site. The acquisition 

of skil ls  and experience and the progression up t h e > j o b  ladder from 

roustabout, dr i l ler  assistant, dr i l ler  foreman, to  job foreman i s  

hindered by the nature o f  d r i l l i n g  work which involves long periods 

of travel and constant movement to different si tes which results i n  

h igh  turnover rates. Recruitment of unskilled labor is basically 

done by advertlsing i n  the work locale and skill acquisition is a 

function of on-the-job training.  A couple of firms did p o i n t  ou t  

t h a t  the problem of h igh  turnover rates was much less pronounced i n  J 

areas where d r i l l i n g  projects were of a long-term nature (e.g., 

requiring a large number o f  local wells). Finally, d r i l l i n g  machinists U 

were also mentioned as a problem, essentially because of a lack of 

qualified mechanics. 

In conclusion, i t  appears t h a t  practically a1 1 the specifically 
3 

geothermal related t r a i n i n g  ranging from the unski l led  labor t o  the scientific 
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3 

and technical personnel is conducted on the job. T h i s  was found t o  be true 

not only of the occupations mentioned above, b u t  also i t  is true of occupa- 

t ions  that pose l i t t l e  or no constraint on industry growth (e.g., construction, 

operation, and maintenance of geothermal power plants). 

Some t r a i n i n g  of scientific and technical personnel was received i n  an 

indirect manner through research assistantships for graduate students t o  

work on geothermal topics. One other area of training a t  this level is 

through short  courses of instruction offered periodically by the Geothermal 

Resources Council. 

activit ies of a technical and a nontechnical nature. 

These courses vary and cover a variety of geothermal 

Y 

Also, the Oregon Institute of Technology conducted a study i n  March 

1976 which was geared toward assessing the industry's interest i n  a formal 

t r a in ing  program i n  various geothermal activit ies a t  the Institute of 

Technology. The results, by permission from O.I.T., are reprinted as Appendix 111- 

B. However, s ta te  funds were not  forthcoming t o  support  the program because 

o f  the perceived uncertainty of development.' Based on our research results, 

we recommend that the feasibility of such a program be reconsidered, 

possibly on a federally sponsored basis. One o f  the major complaints o f  the 

firms was that costly on-the-job training was the only way t o  acquaint 

w 

W 

3 

scientists and engineers w i t h  uniquely geothermal characteristics. The result 

is that they are less able t o  compete w i t h  the oi l  and gas industries which 

can draw recruits from unfversity curricula that favor their special ited needs. Y 

Available evidence tends t o  support the following observation. I t  

appears that the root cause of the problem i n  some occupations is that the 

geothermal industry, i n  contrast to  the o i l  and gas industries, cannot draw 3 

i 

'We w i s h  t o  t h a n k  Paul Lineau of O.I.T. for his helpful comments. 
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on a manpower pool of highly specialized scientific and technical personnel 

whose t ra in ing  is subsidized by educational institutions. The argument of 
3 

"parity" i n  terms of manpower t ra ining subsidized by the government has not 

yet surfaced i n  the geothermal industry. However, industry spokesmen have 

strongly argued for "parity" w i t h  the oil and gas industries i n  such areas 

as tax policy and depleti.on allowances. Therefore, as the ,industry grows, 

the need for specialized manpower may shift  i t  to a higher priority. Our 

recommendation i s  t h a t  a modest t ra ining program a t  the appropriate 

r, 

4 

institution(s) would go a long way toward removing current and potential 

occupational bottlenecks tha t  could, constrain industry growth. w 

Secondary Problem Occupations 

The following occupations d i d  not  appear t o  be viewed by the respondents 

as a widespread problem. 

o r  t o  a specific locale. 

Instead, they were more unique t o  a single firm 

However, they are included here for purposes o f  

J 

completeness and future reference. 

Mechanical and Electrical Enqineers. These personnel are hired a t  the 

B.S. level and given t h e  necessary geothermal training on the job. 

The t r a in ing  is oriented toward d r i l l i n g ,  geological , geochemical and 

hydrological characteristics applicable to the geothermal resource. 

W 

u 

' Control Operator. This position requires an ability to operate steam 

geothermal components and transmission systems. Tra in ing  is on-the-job 

and selection for the positions is via very careful in-house screening. 

Economics and finace Personnel. An understanding o f  the resourke and 

i ts  u t i 1  izat ion and unique features is necessary. 

ment is an M.B.A. coupled w i t h  an understanding of  geology and energy. 

r3 

The general require- 
*3 
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Pipeline Welders. Recruitment i s  generally through trade schools or 

advertising i n  local newspapers. On-the-job training i s  used t o  

develop skills. The problem ( i n  Southern Utah) has been a shortage 

of welders certified far pipe1 ine construction. 

Heavy Equipment Operators. The problem has been where exploration 

activfties have fluctuated considerably making i t  impossible t o  

guarantee work for extended periods of time. These personnel are also 

locafly recruited i n  areas near the development sites. 

Pipefitters, Electricians, Iron Workers. Problems i n  recruitment are 

limited t o  The Geysers area and result from competition w i t h  other 

local industries and a limited labor pool a t  a remote si te.  

No policy initiatfves are recommended for the above occupations because 
CJ of the relatively isolated nature of their occurrence, The large firms 

involved a t  si tes w i t h  long-run development activities should be allowed to  

devote their own resources t o  the problems, In the cases where smaller firms 

experience recruitment and retention problems the issue appears t o  be basically 

the disagreeable nature of the work. The area i n  which government action 

w 

might  be of help is  i n  streamlining the permitting procedures and other 

regulations in order t o  faci l i ta te  better planning for continuous activities, 
1 T h f s  issue is treated by several other studies and will no t  be pursued here. 

New and Emerging Occupations 

J 

Y 
Ten firms responded to  Section A 3(c) concerning new and emerging 

occupations. As m i g h t  be expected, many of the occupations discussed have 

v 
i 

'For example, see Gene V. Beeland, e t  a1 , "Geothermal Development on 
Federal Lands - The Impediments and Potential Solutions", a report prepared 
for the Development of Energy - Division of Geothermal Energy, January, 1978. 
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already been identified as posing recruitment and retention problems. 

occupations listed are of a scientific and technical. nature. 

mostly traditional occupations that are becoming specialized to geothermal 

Most 

They are also 

acti vi ti es . 
Y 

Geologists. One area of specialization is in exploration of igneous 

formations and another is in petrology mapping abilities. Areas of 

university training that would be helpful are structural vulcanic 

rocks and in spacial relationships of geothermal aquifers. 

Geochemists. Speicalists are emerging with a background in thermal 

fluids and other areas of groundwater study. 

Geophysicists; Needed area -of training is hard rocks. 

Reservoir Engineers. Orre .specialized area still in its infancy is 

the design of reservoir facilities. Another is in shallow hole 

engineering. The position basically will be a hydrologist with a 

background in geology to help in understanding structural and spacial 
characteristics of the resource. 

Civil , Mechanical, and Electrical Engineers. 
the capability to design and monitor systems for waste disposal, emission 

control, and reinjectfon. 

Chemical Technicians. Skills are composed of the combined areas of 

hydro1 ogy and brine chemistry. 

Geothermal Financial Comptroller. There is a need emerging in the 

geothermal area for individuals well versed l’n geophysics or geology 

development of geothermal resources (e.g., contracting for the sale of 

steam and time delays from leasing to reservoir development) have 

... 

The speicaliration is in 

h an advanced degree in finance (M.B.A.) . Pecul iari ties in the 

created a new financial and investment framework which requires this 
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U type of expertise. 

Drilling Personnel. The emphasis on d r i l l i n g  occupations l ies  i n  the 

needed abil i t ies t o  deal w i t h  abrasive rock formations and h igh  

temperatures. These conditions have led t o  technical modifications 

such as i n  the f l u i d  medium. 

Land Managers. The need for individuals i n  this area i s  i n  part derived 
d from increased government regulation. 

Reports Coordinator. Duties are to compile and review regulatory 

reports. Requirements are a combination of journalistic and technical 

expertise. T h i s  new position is a result of increasing regulatory J 

requirements. 

Technical Reports Analyst. Requirements are basically the same as 

those for the reports coordinator w i t h  the impetus for this new r, 

occupation also being created by regulatory requirements. Recruitment 

for both positions is through college campus interviews and press 
w advertisements 

\ 

Projection Information and Occupational Prof4 les 

Sections B (1) , B ( Z ) ,  B (3) , and B (4) were designed to t r y  t o  f i n d  a 
u3 

common denominator i n  the major geothermal activfties i n  order t o  make 

simplified projections of manpower requirements. A t o t a l  of sixteen firms 

responded to a t  least one of the categories. Most of the information applies 

t o  only a limited number of s i tes  -0 especially Roosevelt Hot  Springs,  The 

Geysers, Niland, Brawley, and East Mesa. It must be pointed out  that this 

open-ended format and procedure of investigation as i n  the f inal  analysis 
W 

i s  rather "unscientific" i n  the sense t h a t  participants were not required 

t o  reply on the basis of a uniformly given set  of general and specific 

assumptions. In order t o  make projections for the industry as a whole, 
d 



the rather limited body of information acquired must be widely applied, 

admittedly a heroic course of action given the heterogeneous nature of 

the resource. 

Section C was designed to try to develop a picture o f  the occupational 

structure in various geothermal activities. We also requested data on the 

quantity of manpower employed in each occupation and yearly rep1 acement 

needs. Thirty firms responded to this area of inquiry; however, the quality 

and usefulness of the responses varied considerably. 

supplied data for 1978. Rather than omit these, we felt that more informa- 

tion would be conveyed by their inclusion with the data being identified by 

year if it was not 1977 data. In order to be more consistent and to allow 
some comparisons Section C of the interview guide will be discussed in 

conjunctfon with each activity in Section B. 

Exploration and Appraisal o f  the Resource 

Some firms only 

This activity may be subdivided into two categories denoting the 

intensity of the efforts involved. 

defined by the Bureau of Land Management (Code o f  Federal Regulations 

do not ordinarily lead to any appreciable disturbance or damage to lands, 

First is the "casual use" which is 

CFR , Title 43, 3209.0-5(d) as 'I... activities that involve practices that 

resources and improvements. For example, activities which do not involve 

the use of heavy equipment or explosives." These activities include aerial 

photo surveys, geochemical and micro-gas surveys, stratigraphic, lithologic, 

and structural mapping? The second category is the use o f  more intensive 

' exploration techniques ..- e.g. , geophysical surveys which include the 

'U.S. Department of Interior, U.S. Fish and Wildlife Service, \ 

Geothermal Project: Geothermal Handbook (June 1976), p. 136. 
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drilling of shallow temperature holes, or the use of heavy equipment 

to construct temporary access roads. 
U 

One can see that a variety of firms with different types of manpower 

is required in the exploration and appraisal activity. This resulted in 

considerable variance in the estimates provided by different firms in our 

survey. Seven firms addressed themselves to Section B ( l ) ,  (Estimated 

number of person months necessary to explore and appraise the resource 

to the extent that a decision can be made to develop the reservoir at a 

given site or to abandon development plans), and estimates ranged from 

3 

3 

, 

U three person months to three hundred and sixty person months , depending on 
the particular phase of activity with which the firm was involved. However, 

two key firms which were involved in all phases of the exploration and 

appraisat acttvity estimated that the total amount of manpower required was 

300-360 person months in order to explore and appraise the resoursce to 

the extent that a decision could be made to develop the resource to 

given site or to abandon development plans. We consider this to be the 

W 

V 

most representative estimate since the smaller estimates o f  other firms 

reflected their limited role of involvement (e.g. ,’ drilling, seismic, and 
electrical surveys). As will be seen in the next section on drilling, any 

single estimate to be applied to the industry is highly tenuous because of 

Our accepted estimate is somewhat lower that the 1974 Project Independence 

estimate.’ However, the latter was based on a dtfferently structured 
\ 

Y 

set of assumptions (centered on a 200-MMe plant based on the brine resource) 

’U.S. Federal Energy Administration, Project Independence Blueprint: 
Final Task Force Report, Geothermal Energy (November 1974). See pages 
0-1 through 0-8. 
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i n  order t o  create building block estimates. The sections of the report 

which are pertinent t o  our discussion on occupational structure, occupational 

requirements, and projections are reproduced as Appendix 111-C. 

The total number of person months estimated by the Project Independence 

report as required t o  explore and appraise the resource (specific assumptions 

on p. D-4) for a 200 We p lan t  was 696 (for two years). However, this 

included d r i l l i n g  (288 person months) and once this activity is subtracted 

out,  t h e  residual is 408 person months.' Since current plants (or those 

expected i n  the near future) are no larger than  135 We t o  160 MWe and since 

i t  is reasonable to  assume some efficiencies i n  resource exploration and 

assessment have been gained i n  the last few years, we consider our estimate 

t o  be quite compatable w i t h  that given i n  Project Independence. However, 

the reader is cautioned t o  understand t h a t  our estimate is based on current 

and recent experience of firms while the Project Independence estimate is 

based on a r i g i d  set  of assumptions geared t o  forecasting the future far  

beyond our time horizon. 

Occupational Prof i 1 e 

The following is  a l is t  of occupations and the quantity o f  persons 

required on which the Project Independence estimate was based. I t  is 

presented for comparison w i t h  our survey results for occupational structure 

only. The quantities o f  manpower are not  comparable because the Project 

Independence estimate is geared toward completing an activity while ours 

is  geared toward employment by year for given firms. Also, we believe the 

because i t  is specifically exploratory d r i l l i n g .  Reconsideration of the 
phrasing of our request B(2) leaves the distinction between exploratory 
and production d r i l l i n g  quite ambiguous. Fortunately, there are a number 
of references t o  d r i l l i n g  requirements, and these will be discussed i n  the 
next section. 

'It may be somewhat misleading t o  separate the d r i l l i n g  activity 

1 



project Independence occupational 1 ist to be the most comprehensive for 

compari son with our results 
v 

Occupational Profile from Project Independence 
V S k i l l  Quantity Required - 

Geologist 3 
Geophysi cis t 2 
Landman 2 

Dri 1 1 ers 12 
4 Dri 11 Rig Foreman 

La borers 8 

V 

, 
4 
2 

Truck Drivers 
Geochemists 

w 

It should be pointed out that many of the occupations which appear on 

our 1 i st as reasearch exploration and assessment appear under the Project 

Independence heading of reservoir design and development (see Appendix 1114). 

However, there are other reasons for differences in occupational listings. 

First, our list is simply an aggregation o f  the occupations from the several 

firms interviewed. Therefore, some o f  the occupations may be considered 

more of a peripheral nature (derived from the activity but not requiring 

physical presence at the site). Second, growth of the industry and of the 

individual firms has led to more occupational pecialization* Third, 

government regulatory requirements have created the need for certain types 

of expertise (e.g. , environmental technicians) . The fourth factor is the 
evolution of technology. The fifth reason is in part a reflection o f  the 

previous four but is slightly more abstract. In effect, preliminary 

investigation (here and elsewhere) hints of a common theme (though as yet 

quite undefined and not thoroughly explored) in the evolution of occupational 

Y 
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structures i n  energy related industries.' The need for research i n  this 

area is discussed i n  the conclusions t o  the technology assessment phase 

of our study and need not be repeated here. 

In order t o  convey a more comprehensive picture o f  the various levels 

of involvement by the firms i n  our survey, the occupational structure for 

each respondent follows the master l i s t  of occupations. T h i s  pattern will 

also be repeated i n  the other activities. 

Combined List o f  Occupations Involved 
? n  Resource Exploration 'and Appraisal 

Geologist ' Accounting 
Geophysicist Legal 
Geoc hemi s t Bookkeeper 
Mechanical Engineer Manager 
Dri 1 1 i ng Engineer 
Petroleum Engineer Land Draftsman 
Engineering Technician Land Secretary 
Computer Analyst . I Draftsman 
Data Processi ng 
Contraeti ng/Purchasing Exploration Technician 
Financial Anayls.3- Environmental Technician 

Land Manager 

Dri 1 1 i ng Supervisor 

Secretaries 

'A limited descriptive investigation can be found i n  U S .  Department 
of Labor, Bureau of Labor Statist ics,  Bulletin 2005, Technological Change 
and i t s  Labor Impact i n  Five Energy Industries (April  1979). 
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Occupations Most Total Number of Total Number Yearly 
Identification Strongly Re1 ated Persons Employed of Person Rep1 ace- 

Number to  Geothermal September 1977 Months Sept- ment 

12 **-, 
Activities ember 1977 Needs 

*1 Chief Geologists 1 
Land Managers 
Chemists 

2 
1 

24 
12 

-- 
-e 

r 
i 
1 

3- Mechanical Engineer 1 12 
Engineer Technic fan 1 12 -- 
Accountant 
Manager ' 

Bookkeeper 

1 -- Legal Staff 1/3 to  3/4 4-9 

W 

Contracting/Purchas- 1/3 to  3/4 
i ng 

4 -9 
- 

Rounded To tal 11 126 

crp 

- - 8 Geo physi c i  s ts 3 
Data Processing 1 
Computer Analyst 1 

V Drafts person 1 
Fiel d Geologist 2 
Fiel d Technician 3 
Geologist(wel1 logging) 1 
Fie ld  Chief (geologist) 2 

1 Technician 

- - 
3 - 
- - 
.. 
- 
* - 
- - Y 

- - Fi  el d Programmers 1 - - - - - 
To tal 16 Personnel are used 

90-100% i n  geothermal 0 

* 1978 data 
**If blank, then no information was provided 

Y 
I 



Occupations Most Total Number Total Number Yearly 
Identification Strongly Related Persons Employ- of Person Rep1 ace- 

Number To Geothermal ed Sept. 1977 Months Sept. ment Needs 
Act i v i  t i es 1977 

10 Geophysicists 
Geologists 
Environmental 

Tech. 

To tal 

16 Land Use Personnel 
Geophys ic i s ts 
Geol ogi s t s  

To tal 

*17 Geologist. 
Geochemist 
Draft sman 
Landman 
Environmental Planner 
Dri l l ing Engineer 
Admi n i  s trat ive 

Engi neer 
Fie1 d Superintendent 

"1978 Data 

\ 

- 10 - 
10 
8 

- - 
- - - - - 

Used 85% 

i n  geothermal 
28 of the time 

5 
25 

5 - 

60 

35 

3 
1 
4 - 

- .  



Identification Occupations Most Total Number of Total Number Yearly 
Strongly Re1 ated Persons Employ- of Person Rep1 ace- 
t o  Geothermal ed Sept. 1977 Months' Sept. ment Needs 

v Number 

Activi-ties 1977 

W 19 

r 

V 

w 

33 
rcr, 

W 

\ 

c, 

rr 

Geologist 
Geo phys i c i s t 
D r i l l i n g  Engineer 
Petroleum Engineer 
Mechanical Engineer 
Land 
Legal 

To tal 
/ 

Geologists 
G e o  p hys i c i s ts 
Geochemists 
Manager 
Draftsman 
Land Manager 
Land Secretary 
Land Draftsman 
Financial Analyst 
Exploration Tech. 
Drill ing Supervisor 
Attorney 
Accounting Staff 
Secretaries 

Rounded Total 

2 
1 
1 
1 
1 
2 
1 

9 

- 

3 
2 
1 
1 
2 
1 
1 
1 
1 
2 
1 
2 
2 
2 

22 

- 

24 
12 
6 
6 
3 

18 
6 

75 

- 

36 
24 
12 
12 
24 
12 
12 
12  
12 
24 
1 2  

3-1 2 
3-1 2 

12 

230 

- 



Reservoir Design and Devel opment 
V 

This  activity may include additional deep weT1 exploratory d r i l l i n g ,  

b u t  most d r i l l i n g  3s geared toward production and reinjection wells. 

surface structures such as steam gathering systems are included. 

Number of Wells Required t o  Prove Feasibility of Energy Production . 

Also, 

As was previously mentioned section 8 (2) -- (Estimated number of 

we1 1 s necessary t o  prove the reservoir for scheduled energy production 

or other activity, estimated average well depth and estimated yearly 

average of replacement wells) 0- was somewhat ambiguous as t o  whether 

i t  was directed s t r ic t ly  toward exploratory wells, production wells, 

o r  both. Having reviewed other studies ( t o  be cited below) i t  became 

a simple task t o  separate the two. 

Nine firms responded t o  section B (2). One firm responded that only 

one well was required to  prove a hot dry rock reservoir. 

said about the additional d r i l l i n g  needed t o  develop the hot dry rock 

resource because i t  is still i n  the early experimental stages. 

Lit t le can be 

Other 

firms responded that for some reservoirs a t  The Geysers only 2-3 wells 

were required. T h i s  is consistent w i t h  the estimate given (1-5 deep 

exploratory wells) i n  the Geothermal Project: Geothermal Handbook (p. 142). 

Additional estimates provided by the Handbook are that a crew of 4-6 is 

required for ten days of d r i l l i n g  per well or  a crew of 20-24 working 

around the clock for 1/3 the time, based on a well of approximately 

10,000 feet  i n  depth. (p. 142). The Handbook assesses the d r i l l i n g  rate 

for geothermal ’wells t o  be between 100-200 feet  per 24 hour day (p. 22). 

Finally, i t  should be pointed out  that d r i l l i n g  depths i n  many cases are 

0 

, 
Y 

U 

not  reflective of what is required t o  tap the resource b u t  what is 

economically feasible. For example, depths of 12000 - 15000 feet are 



Y 

estimated to be required t o  reach the geopressured resource, but  the 

maximum explorable depth is approximately 11,000 feet (1976 estimate 

given by the Geothermal Handbook, p. 21). 

v 

Another document which provides estimates pertaining only t o  The 
I Geysers estimated tes t  d r i l l i n g  I t o  require 45-60 days. Most wells a t  

The Geysers were assessed a t  depths of 7000-8000 feet. The Consultant 
Report stated that 10-15 wells were required t o  support a 110 We p l a n t  

(p. 14-14) w i t h  as many as 25 wells when reserve and reinjection wells 

are counted. Ninety percent of the wells drilled were said t o  be 

successful w i t h  the remainder used for reinjection (p. IV-D-2). 

Additional information from our survey was as follows. 

V 

V 

One firm 

estimated the average number of production wells required t o  support a 

V 55 MWe power plant was eleven p lus  two reinjection wells and three reserve 

wells. T h i s  firm did not provide average depth estimates. 

firms estimated the average number of wells necessary t o  prove a reservoir 
Four other 

for production t o  be respectively -- 14, 8-10, 11, and 10. Replacement w 
wells were estimated t o  be required every 1-3 or 1-5 years by these firms. 

I t  should be pointed out that each of these la t ter  four firms provided 

Y estimates based on their experience a t  The Geysers while the estimate , 

provided by the f i r s t  firm for a 55 We plant was considered an average 

of different si tes w i t h  which the firm was involved. 

were reported by seven firms and ranged from 3,400 feet t o  14,000 feet. 

Average well depths 

Cal if orni a Energy Resources Conservation and Devel opment Commi ssi on, 
Consultant Report on Environmental Analysis for Geothermal Energy Development 
3n the Geysers Region, Volume 11, Master Environmental Assessment, prepared 
by Stanford Research Institute (May 1977), P. I-C-5. A later description of 
a d r i l l i n g  r i g  crew is t h a t  i t  consists of four d r i l l i n g  company emplyees and 
eight others either from local unions or transient roustabouts (p. V-0-6). 

.cI, 



I t  is obvious t h a t  much o f  the above information is questionable 
cy 

especially since i t  will be used i n  a forecasting model. Hopefully, 
it will e l i c i t  cri t ical  comments t h a t  will contribute toward its 

refinement. If so, i t  has served a useful purpose. 
3 

Given below is the occupational profile for production d r i l l i n g  

from Project Independence for a 200 Mwe dry steam p l a n t  assuming 34 

wells (provid ing  20% spare capacity) , 60 work days per we1 1 (average) , 
five rigs, and an average depth o f  5000 feet. Afterwards the information 

obtained from our study i s  presented. 

3 

Occupational Profile from Project Independence Y 

3 
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Occupational Profile for Drill ing  Firm 

Three firms provided information i n  this category. No new 

types of personnel were needed for geothermal d r i l l i n g .  

Assistant Drill er 

Dril ler 

Dr i l l ing  Foreman 

Job Foreman 

Derr i c kma n ! 

Motorman 

Occupations Strong 1 y 
Identification Related t o  Geothermal 
Number Ac ti v i  t i  es 

Total Number o f  Total Number Yearly 
Persons Employed o f  Person Rep1 ace- 
Sept. 1977 Months Sept. ment 

1977 Needs 

"7 Assistant Drillers 9 - 6 
Drill er Foreman 9 - 6 

9 - .5  

Total 27 12.5 
- - Job Foreman - 

18 Dr i l l ing  Foreman 
Drill er 
Derrickman 
Motorman 
Drill ing  He1 per 

- "22 Drill ers 4 9 

9 
To tal 12 18 

- - - 8 D r i  11 er He1 pers - 
"1978 da ta  
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Manpower Requirements for the Reservoir Feed System 

Five firms responded t o  Section 6 (3) -- (Estimated number of person 

months required t o  construct the reservoir feed system and the estimated 

average number of person months required t o  operate and maintain the 

reservoir feed systems for one year) -- The only useful information 

provided concerning the construction of a feed sjrstem was t h a t  as a 

v 

rule of thumb the manpower requirements were approximately 25% of the 

total requirements for constructing a power p lan t .  Operation requirements 

of the feed system were estimated to  be 1-4 full time individual's w i t h  some 

major maintenance tasks being contracted out. 3 

Despite the sparse information provided i t  does appear t o  have been 

rather accurate i n  the sense that i t  f i ts  quite well i n to  the Project 

Independence l i s t  of occupations and number of persons required. We 

were provided w i t h  no occupational profile i n  this category so we can 

only reprint the Project Independence profile based on a 200 MWe dry-steam 

3 

w p l a n t  (including design requirements). 

Occupational Profile from Project Independence 
Construction o f  Gathering System 

u3 - S k i l l  Quantity Required 
Mecanical Engineer (Deslgn) 2 
C i v i l  Engineer (Design) 1 
Draftsman (Designer Quality) 1 
Draftsman 1 
Route Surveyor 5 

u3 C i v i l  Engineer (Construction) 1 
Foreman 2 
We1 der 4 
Carpenter 2 
Concrete Worker 4 
Dozer-Operator 2 

r3 Truck Driver 4 
Crane Operator 2 

Inspector (testing) * 2 

6 
1 

Insulation Installer 
Inspector (Construction) 



Y 

Operation and Maintenance of  Gathering System 

Insulation Installer maintenance 
Crane Operator 

Ski1 1 Quantity Required 

Field Operator 2 
Foreman 
We1 der 1 

1 
'IrJ P i  pef i t t e r  opera ti on 2 

2 
1 

W 

As can be seen the 1-4 required personnel for operation and 

maintenance of the gathering system is quite compatable w i t h  the above 

estimate, especially when one considers t h a t  current and near future 

developments are considerably less than 200 MW,. Also, if  one examines 

the quant i ty  of personnel required for  construction of the power plant 

( to  be discussed next) as estimated by Project Independence the r a t io  o f  

construction requirements for  the gathering system t o  construction 

U 

Cy 

requirements for the power plant is 23.58 percent. 
V 

Construction of Power Plants 

Ideally t h i s  ac t iv i ty  should also include t h e  construction o f  

transmission lines, b u t  we obtained no information on this subject. 

However, the Consultant Report (p. I-F-3 and I-F-5) stated, "construction 

of the transmission lines for one generating u n i t  [at The Geysers] requires 

about 8 months ... The transmission l'ine crews vary from 10 t o  30 workers 

0 

W 
and are drawn from PG & E's Line Construction Department." 

Seven firms responded t o  section €3 (4 )  -- (Estimated number of person 

months required for power plant construction and/or direct use facil i ty  
Y 

construction and the estimated average number of person months required 

t o  operate and maintain the faci l i ty  for one year) -- w i t h  a l l  b u t  one 

w 



being involved i n  power p l a n t  construction.' The manpower needs for  

construction of a 10 MW,demonstration p l a n t  were estimated to  be 

35-40 persons for ten months. Estimated requirements for construction of 

50 M W ,  p lan ts  ranged from 2,400 t o  4,800 person months. The wide variance 

i n  manpower requirements could partially reflect the more intensive efforts 

needed t o  commercialize the geothermal resource as i t  i s  used i n  i ts  more 

marginal ( i  .e., less productive) forms, especially i n  the t ransi t ion from 

dry steam to hot  water. Again, the 2,400 - 4,800 estimate proves to  be 

compatible w i t h  the Project Independence estimate (3882 person months) 

based on a three year phased construction program (See Appendix 111-c). 

' (This  exception stated t h a t  i t  took 1 1/2 - 2 years to construct a 
facil i ty (for raising hogs) based on one reservoir and t h a t  operation/ 
maintenance o f  the reservoir required one person while the agricultural 
duties required 4-5 people. 
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Occupational Profile from Project Independence 

Power-house: 
Assume: a) 2-100 w e  (net) Generating Units 

. b 1.5 year design schedule 
c 1 3 year constr. sched. 
d )  24 mo. deliv. sched. on each T/S set  

3 

J 

3 

cw 

Ski 1 1 ed Personnel 

Struct. Engineer 
Mec h. Eng i neer 
C i v i l  Engineer 
E l  ec . Eng i neer 
Corrosion Engineer 
Architect 
Draftsman (Designer Qual .) 
Ora f t sman 
Topog. Surveyor 
Purchasing Agent 
Inspector (Equip.) 
Corrosion Engineer 
C i v i l  Engineer (Construction) 
Mech. Engineer 
Elec. Engineer 
Surveyor (Constr. control ) 
Inspector (Constr. ) 
Superintendent (Constr. ) 
Asst. Super. (Constr. ) 
Foreman 
Electrician 
Pipe Fitter 
We1 der 
Mil 1 Wright 
I ro n -No r ke r 
Concrete Worker 
Sheetmetal Worker 
Carpenter 
P1 umber 
Insulation Instal 1 e r  
T i l  e-Setter 
Painter 
Instrument Technician 
Machinist 
Rigger 
Truck Driver 
Crane Operator 
Timekeeper 
Warehouseman 
Pi1 e-Driver 
La borer Common 

Quantity Required 

2 
5 
2 
3 
1 
2 
4 

16 
5 
1 
2 
1 

10 
8 
6 
6 

15 
6 
in .- 

A 

-r 
n 

-r 
5 

I 
4 

7 

4 
i 
3 
4 

20 



J The f i r s t  three occupational p r o f i l e s  per ta in ing to power plants 

f r o m  our personal interview survey i s  a mixed r e s u l t  because these 

f i rms were involved i n  various. stages o f  reservo i r  completion, power 

J p lan t  design and engineering. However, the fourth p r o f i l e  i s  more 

representative o f  occupations required f o r  construction a c t i v i t i e s .  

w 
Occupational P r o f i l e s  f o r  Reservoir Development, 

Power Plant Engineering, and Design 

Occupations Strongly Total Number o f  Total Number o f  Yearly 
I d e n t i f i c a t i o n  Related t o  Geothernal Persons Employed Person Months Rep1 ace- 

Number Act i v i  t i es September 1977 Sept. 1977 ment Needs 

U 5 Environmental - - Geol og i s  t 2 
Area Planner 1 
A i r Q l a l i t y  Tech. 1 

3 Noise Po l l u t i on  1 
Archeologist 1 

Mechanical ‘ 4 
Process (Min ingheta l  s) 1 - 
Manager 1 

Lawyer 1 
Procurement Spec. 1 
Admi n 1 s t r a t  i ve 6 
Secretar i a1 4 
Comptroll e r  12 

12 

To t a l  48 

- - 
I) - 
- - 
L - 

Eng i neer s - - 
- 

3 
Management - - 

- - - 
- - &s 

- - 
- - 
I - .  - - 3 Asst. Comptroller - 

d 

- 
13 
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Occupations Strongly Total Number of Total Number of Yearly 
Identification Re1 ated to  Geothermal Persons Employed Person Months Rep1 ace- Number Activities September 1977 Sept. 1977 ment Needs ' 

24 

29 

Mechanical Engineers 
Technical Assi stan ts 
Chemlcal Processing 

Engineers 
Plant Design 
Architect 
Electrical Engineers 
Project Manager 
C i v i  1 /Structural Engineer 
Instrumentation 

Total 

Head GeologCst 
Staff Geologists 
Geological Draftsman 
Drill lng Head 
Drill i n g  Engineer 
Tool Pushers 
Mechanical Engineers 
Geol og ical Engineer 
Production Foreman 
Construct i on Foreman 
Contract Support People 
Pipel ine Technician 
Reservoir Engineer 
Land Manager 
Comptrol 1 er 
Landman 

To tal 

8 
3 
2 

1 
3 
9 
2 
3 
1 

32 
- 

1 12  
5 60 
1 12  
1 12 
1 12 
2 24 
1 12 
1 12 
1 12 
1 12 
2 24 
3 36 
1 12  
1 12 
3 36 

12 1 
7 - 

26 31 2 
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Occupational Profile for Construction Activities 
- for Commercial Power Plants (ap,proximately 50 MW,) c 

(Includes multiple plant activities a t  The Geysers) 

Occupations Most Total Number of Total Number of Yearly 
Identification . Strongly Re1 ated Persons Employed Person Months Rep1 ace- 

Number to  Geothermal September 1977 Sept. 1977 ment Needs 
Act i v i  t ies 

26 Project Super i n  tendent 1 12 0 
(operator) Engineers 21 227 4 

Inspectors 12 155 2 

C1 eri cal - - 185 - 2 
Total 50 579 8 

16 

v 
(contractors) Superintendents , 

C1 erica1 , Engineers 10 
Bo i 1 erma kers 2 2 

65 - 

Carpenters 50 169 
Electricians 15 62 

w Pipef i t t e rs  5 18 
Ironworkers . 10 38 
La borers 22 163 

3 Operators 27 227 
38 

Total 151 723 

Mil 1 wrights 2 . 6  - 

8 Teamsters - - - 

3 \ 

The following two quotes and the figure on page 111-36 lend a more 

descriptive flavor o f  the manpower requirements for the construction of 

a geothermal power plant (Specific reference is for The Geysers). 3 

The work force for any one u n i t  will vary depending on what 
phase of the project is being done. The clearing and grading 
crews are relatively small, whereas dur ing  excavation, there 
my be as many as 40 workers on the site. Once construction of 
the .generating u n i t  and cooling towers begins, the number of 
construction workers may rise to 60 o r  70. The number o f  
workers will decrease dur ing  the final phases (see Figure I .F.1).  

3 

w 



The ac t iv i t ies  a t  the generating u n i t  s i t e  are handled by 
contractors. As many as 20 subcontractors may be used on any 
job, b u t  not more than five a t  one time. Each subcontractor 
will have a pick-up truck on the job  and will visit the work 
site from time to  time, probably once a week. Workers for the 
current field normally either live a t  the existing construction 
camp near Uni t s  3 and 4 i n  Sonoma County or  commute. Construc- 
tion ac t iv i t ies  have been continuing for so many years a t  The 
Geysers Power Plant that  a large labor force lives i n  the 
general area. Some workers may commute temporarily from the 
Middl etown and La keport areas. 

(Consultant Report, pp. I-F-4 and I -F-5 )  

Construction ac t iv i t ies  have been continuing for  so many 
years i n  The Geysers area that  a large labor force associated 
w i t h  these ac t iv i t ies  lives w i t h i n  the general area. Additional 
construction jobs are provided for local equipment operators, 
welders, surveyors, loggers, and construction 1 aborers dur ing  
the earth-moving stages for roads and pads. The work force for 
each plant varies, depending on the phase of the project being 
constructed. The clearing and grading crews are  relatively 
small, During excavation, there are somewhere between 40 and 
50 workers on s l te .  Once construction o f  the u n i t  and the 
cool ing  towers begins , the number cool d increase threefol d. 
The total  number o f  construction laborers involved simul tan- 
eously i n  various geothermal development sites varies, depending 
,on the number o f  units being constructed and the schedule for  
bu i ld ing  

(Consultant Report, p. I -F-8 )  
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SOURCE: Pacific Gar and Plecrric. 1975 11431. 

STIMATED TYPICAL SCHEDULE AND SIZE OF WORK FORCE 

Source: Cal ifornia Energy Resources Conservation and Development 
Commission, Consultant Report on Envjronmental Analysis 
for Geotherman Energy Development in the Geysers Region: 
Volume XI: Master Environmental Assessment, prepared by 
Stanford Research Institute, page I-F-2. 
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Operation and Maintenance of Power Plants 
Y 

V 

The Project Independence report a lso i n  this activity assumes a 

200 MWe dry-steam plant .  

persons for a 200 MWe plant  while the estimate provided to us for the . 

entire operation and maintenance requirement a t  The Geysers was only 52. 

Occupational Profile from Project Independence 

Note t h a t  the report's estimate i s  for 41 

V Skit 1 ed Personnel 

S h i f t  Foreman 
P1 an t  operator 

r 

' Plant superintendant (oper.) 

Y 

Mech. Engr. (Turb. Specialist) 
Corrosion Engineer 
Instrument Tec hn i c i an 
Foreman 
M i  11 wri g h t  
Machi n i  s t 
P i  pef i t t e r  
We1 der 
Electrician 
Insulation Installer 
Painter 
Rigger 
Crane Operator 
Laborer 

w 

V 

Quantity Required 

e, We were able t o  obta in  the occupational structure for both 10 Me 

demonstration plants  and for the commerical plants a t  The Geysers. The 

operation and maintenance estimates for  a demonstration p l a n t  for a year 

were 224-300 person months per year, and the figures for a 50 t4We 

commercial plant were 100-360 person months. 
Y 

r3 

c.t 
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Operational Profile of the Operation and Maintenance o f  a 10 MU- b Demonstration 
P1 ant - V 

Occupations Most Total Number of Total Number of Yearly 
Identification Strongly Related Persons Employed Person Months Repl ace- 

Number to  Geothermal September 1977 Sept. 1977 ment Needs 
Activities 

*5 Assistant Control 
Operator Technicians 8 

Professional Chemist 1 
Chemical Technicians 3 

V 

Y 

Electrician 
We1 der 
Machinist 
Instrument Tech n i c i ans 
Supervisor Technician 

To tal 18 

W 

Occupational Profile for  Operation and Maintenance of a Commercial Power P1 ant 

Identification Strongly Related Persons Employed Person Months Repl ace- 
(Incl udes mu1 ti pl e plant ac t iv i t ies  a t  The Geysers) 

Occupations Most Total Number of Total Number of Yearly 
V Number to  Geothermal September 1977 Sept. 1977 ment Needs 

Act i v i  ti es 
11 - 1 Machinist 

EI ec t r i i i an  8 

4 Instrument Repairman 
2 We1 der 
2 Rigger 
6 He1 per 
1 Control Technician 
2 Senior Power P1 ant 

12 Power Plant Operator 
4 Assistant Power Plant 

- 26 - 
- - - - 8 

- - 
- 1 

- - 
- - 0 

Operator - - 
- - 

u3 Operator - - - 
52 2 To ta l  

W 
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Although there wePe a number of other respondents t o  this p a r t  of the 

interview guide, those not a1 ready discussed were only partially involved. 

For example, several petroleum companies, electrical uti1 i t ies,  research 

firms, and construction firms responded, b u t  their ac t iv i ty  was basically 

that of an observer o r  their involvement i n  the industry was only a very small 

par t  of their overall or  primary activities. Also, their listing of 

occupations contains none t h a t  have not a1 ready been covered. Therefore, 
omission of these firms from further consideration i n  this section does not  

leave out any useful information. 

To tal Empl oymen t Trends 

The purpose of Section D was to  get simplified estimates of direction 

and magnitude of geothermal employment. 

this approach is h ighly  restrictive since respondents are 1 ikely to  

operate on different sets of assumptions. Also employment trends derived 

from this approach will not include new firms t h a t  enter the industry. 

I t  should be emphasized t h a t  

Table 111-4 

shows that some firms provided estimates for years other t h a n  those requested. 

These are included b u t  so designated i n  the Table. 

The trend suggested by these results i s  t h a t  the part  of the 

geothermal industry represented by these firms has grown significantly 

( i n  terms of persons employed) sl’nce 1970. Nothing subs tan t ia l  can be 

stated about the 1985 t o t a l s  since only a few firms were w i l l i n g  to  

speculate beyond 1980. A relatively small number of .firms also responded 

to the request for 1970 da ta ,  b u t  i t  is reasonable t o  assert t h a t  

considerably fewer firms were involved i n  the industry a t  t h a t  time. The 

following are the to ta l s  of employment i n  the four years, f i r s t  w i t h  the 

data for -the nonrequested years being deleted and second, w i t h  t h i s  data 

being included ( n = number of firms responding i n  this column). I 
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W Table 111-4 

Estimate of Total Geothermal Employment (Number of Persons) by Year and 
! n t  o f  Geothermal to Total Empl l! - 1' 

Identificatlol 
Number 

1 
2 
3 
4 
5 

V 

v . .  . 

6 
7 
8 
9 

Y 10 
11 

'12 
13 
14 

15 
16 

Y 

17 
18 

19 
20 
21 ~ 

22 
Y 23 

24 
25 

26 
27 

(3 28 
29 
30 
31 
32 

c3 33 

34 

%J 

17 
18 

19 
20 
21 ~ 

22 
Y 23 

24 
25 

26 
27 

(3 28 
29 
30 
31 
32 

c3 33 

34 

%J 

the Pe 
14 

# of 
'ersons 

- 
* 

0 

15 
(1976) 

0 
9 
1 

10 
1971 

1 
0 

15 

9 
0 

4 
(1973) 

4 
(19721 

- 
x of 
To ta' - 

30 
1976) 

0 

* 0005 

100 
(1 9 r  

50 
0 

20 

0 

too 

I! o f  
person 

1 

15 
8 

55 
377) 

9 
12 
3 

10 
2 

1978) 

1 
1 

1977) 
41 
50 

25 
22 
:1976) 

6 
3 

7 
15 
15 

1978) 
55 
20 
19 
30 

9 

4 

- 
of otal 

4 
'5 
I2 
177) 

1009 
100 

100 
100 

100 
9 

(1% 
100 
100 

25 
50 
12.' 
(19 

20 
100 
IO0 

of 
!rson! 

I2 

!5 
20 

14 
1 
33 
7 

0 
5 

41 
85 

12 

6 

150 

163 
20 
59 
42 

11 

lent 

; of 
'otal 

- 
- 

.4 
30 

003 
65 

100 
100 

100 

100 

100 

20 
100 
loo' 

19 - ' o f  

i5 

13 

0 
5 

24 

2% 
20 

106 
57 

*Blank spaces indicate t h a t  no information was provided. 
w 

- 
x of 
T* 

I .2 

.002! 

100 

100 

20 
100 
100 

.. . 

c 
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Total Number o f  Persons Employed i n  Geothermal Activities 
(excluding data pertaining t o  nonrequested years) 

1980 - 1985 Year 
35 31 7 665 540 

n-5 n=20 n-17 n=8 

Total Number o f  Persons Employed i n  Geothermal Activities 
(including data pertaining t o  nonrequested years) 

1985 1980 Year 
49 446 665 540 

n=l7 n=8 

- 1975 - 1970 
7 

- - 1975 

n=7 n=28 

- 1970 - 

Firms Involved i n  Research and Development Y 

The attempt here was to gain some understanding o f  the number o f  

firms involved o r  total ly  dependent on research and development act ivi t ies .  

Table 111-5 reproduces these results. 
stands out except perhaps that  two of the firms that are 100 percent into 

research and development are known to  us as large utilities which are 

trying to commercial ize novel techniques. 

3 I t  appears that nothing very significant 

0 

Y 

r4 

w 



TABLE 111-5 
3 

V 

V 

W 

Y 

w 

Research and Development Act iv i t ies  

Ident i f ica t ion  Number Percent o f  Geothermal Act iv i t ies  
i n  Research and Development 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

.. 22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

0 

100 
0 

100 

* 

0 

100 

0 
0 

0 
0 
0 
0 

f 100 
0 
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Concl us i on 

One of the main contributions of this par t  of our study has been the 

identification of occupations t h a t  are currently o r  are expected t o  be 

constraints on industry growth. These were geologists , geophysicists, 

reservoir engineers , environmental engineers, and d r i l l  i n g  rig personnel. 

The first four occupations are better viewed as par t  of a national 

problem w i t h  several different industries competing for a limited 

availability of this type of manpower. Those surveyed i n  this par t  of 

our study explained that the geothermal industry i s  a t  a competitive 

disadvantage (especially as compared t o  the o i l  and gas industries) i n  

bidding for new job market entrants and experienced personnel. The crux 

of the problem appears t o  be the lack of courses specifically related t o  

the geothermal resource i n  scientific and engineering curricula. In 
effect these industry "spokesmen" are asking for subsidized t ra in ing  

considerations comparable t o  those given t o  the o i l  and gas industries. 

Our recommendation i s  for the feasi b i  1 i t y  of government supported 

t r a in ing  courses on a modest scale ( i n  one or  a few universities) t o  be 

considered. If the geothermal industry i s  t ru ly  a t  a competitive 

disadvantage, t h i s  action should be a step toward removing this 

institutional barrier and letting the industry freely seek its own level 

as a demander i n  the labor market. 

The 1 ast  occupational group , dr i  11 ing  personnel has widespread 
problems (e.g., h i g h  turnover) due t o  the nature of the j o b  (e..g., 

extended hours , frequent travel , and remote work sites) 

actions are not  reconnnended due t o  the character of the problem. 
Direct government 

However, a 

stream1 i n i n g  of government regulations t h a t  would facil i tate better 



planned drilling efforts might lead to  more stability. 

The second main contrtbution of the personal interviews has been the 

information gained for manpower forecasting purposes. This was used 
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IMTERVIEN G U I D E  

V Sponsor: U . S .  Department of  Energy 
Divisions of Manpower 
Assessment and Geothernal Energy 

Survey Conducted by: Human Resources I n s t i t u t e  

Sal$ Lake City, Utah 84112 
V -.. University of Utah 

INTRODUCTIO N 

3 A s e l e c t  number of key organizations f o r  the development o f  the geothermal industry 
will be interviewed by t he  Human Resources Ins t i t u t e  f o r  the purposes of:  

(1 ) assessing and forecasting manpower requirements, and 

( 2 )  identifying and defining occupational bottlenecks and emerging occupations 
i n  the industry. w 

Your firm has been selected and given approval to par t ic ipa te  i n  this personal 
interview survey. We ask your he lp  i n  supplying the information requested on the 
following oaqes. Me have designed the interview questionnaire i n  hopes t h a t  i t  
will require minimal time commitment. All sources of data and information obtained 
i n  the interview will be held s t r i c t l y  confident ia l ,  and any published information 
will not permit ident i f ica t ion  of  the source. 

v 

V INTERVIEW GUIDE 

Compa ny 

Address 

0 

SIC Code(s 

, 

Off i c i a l ' s  Name and Title 

Telephone No. 

YI, 

Y EMPLOYMENT SUMiYARY 

What was the to t a l  number of employees i n  your organization i n  the payroll period 
which included September 12, 1977? (Include a l l  employees whether o r  not engaged 
i n  geothernal re la ted a c t i v i t i e s ) .  
O f  t h i s  t o t a l ,  how many were engaged i n  geothermal a c t i v i t i e s ?  

Y 



W 

Y 

3 

Re source Developmart Beginning Ending 
TY Pe . Activity flat2 Date 

. .  

Estimated Manpower 
Requirements 

(in person months) 

. 

A .  

-.. 

Unless otherwise indicated, participation a t  a geothermal development s i t e  
should be interpreted as a direct use of manpower a t  the physical s i te .  

This survey i s  basical ly  concerned w i t h  forecasting t o  the 1985 target 
da te ;  however, i f  activit ies in the 1985-1990 period can be foreseen, they 
should also be given consideration. 

( 1 )  Please identify the sites (KGRAs) a t  w h i c h  your firm i s  presently 
participating o r  plans t o  participate i n  geothermal development. 

Site (KGRA) 

3 

v 

W 



W 

. .  

( 2 )  0 3  you a n t i c i p a t e  any problems i n  recruitinq adequete (in 
qganti  ty and/or qual  i ty) work force fo r  these projects? 

U 
Yes No ' Unable t o  judge 



c: d e tT c , t' 'c c f a ' t  

a i l e d  a n a l y s i s  o f  occupations t h a t  may cause d i f f i c u l t i e s .  
- 

'xpccted . 
F i t t  i f  re 
Cl,atKJes 
Induced by 
re c hno lo qy 
or  Other 
Factors 

- _. 

Job Description I dub I b t . t C !  Fraininct and/or 
Educ a t 4 on 

Requi renwn ts  

. -  

* I  I 
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Site (W!!) 
3 

3 .  Gi-:m the cheniical and physical chardc:cristics o f  the s i t & )  with which 
y = r w  f i m  is associated, p l e a s ?  anwr?.r :he quasticns which are relati've t3 
your given type o f  devslopnent activity.  

(1  ) 'Est imted nunher o f  person txonths necessary t o  exp'lore and appraise the 
resource t o  the extent  t h a t  a decision can be mde io develop the 
reservoir a t  a given s i te  o r  t o  abandon Cevelopnrent pk!nS. 
remte sensing, surface surveys, and subsurface techniques inclusive of 
exploratory drilling. 

Please indicate th2 s i t e  associated 
J ' w i t h  each reply. 

Includs 
w 

Person Non t h s  



- 

IL-” 
. .  ( 3) rr, 

. ( 3 )  Estimt2d ncrxber o f  person %jnths requJ‘red t o  construct the reservoir 
fez;! system and t h 2  ertindted Sverc?G? n&er of  person Emths required 
t o  operate and maintain the reservoir f e c i  systens far  lie year. 

w 

Site 

w 

3 

R e ~ u  i r e m n  t s  t a  Opera ie/ 
kir l ta in  the System far 

One Year 
I Requirenients for 

Constructing the Feed I 
- 4  

! Sys ten 

I 

i 

ur, 
( 4 )  Estirrated number of person nionths required for pokier p l a n t  construction 

(include derinstration and commercial plants )  and/or direct use faci l i ty  
construction and the estimated average number o f  person months required 
to operatesand maintain the  facility for one year. 



Y ' .  

c .  
. 

I n  order  to  make est instes o f  future denand by occupation i n  the geothernal 
indus t ry ,  the following information i s  needed t o  establish baseline d a t z .  
I f  possible, response should be based on data available as of Septezber - 
i 977. 

( 1 )  Please list the specific occupations which are  r m s t  heavily involved 

( 2 )  For each occupation listsd, please indicate the rtctual nunher o f  

(3) I f  possible, please provide an es t imte o f  the yearly reptacement 

in geothermal-related ac t iv i t ies  i c  y a i r  organization. 

persons employed and the total number o f  persan months. 

needs f o r  each occupation l i s ted  based on y o w  organization's rccent 
experiences. Year'ly replacement netds can be defined as the number 
o f  persons per occupation tha t  were hired t o - f i l l  posit ions vacated 
by retirements, quits, layoffs, detths,  etz.  during the year ending 
September 30, 1977. 00 not inc lude  new hires a t t r i t tutabte  t o  industry 

3 

d 

- growth. 

3 

3 

3 

3 

'y3 

v 

W 



(9) 
. .  . 

? -  . .  -- - 
M I, - i  

0. E s t i r z t e  o f  total gesthemal ernploymnt ( ~ c ~ h -  of pcrsons) for tho 
foi lokr ing years and the percent o f  geotherazl t o  tctzT employment. 

W 

E. Ghat percent of your organization's t o t z l  geothernal a c t i v i t i e s  i s  in 
J geothemal research and development? 

3 
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APPENDIX 111-B 

Results f r o m  The Oregon Institute o f  Technology Survey 
W 
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ORECON XXSTITUTE OF TECMOLOGY 
Objectives and Courses of Study 

for 
Proposed Associate of Engineeting and Bachelor of Technology Prcgramh 

in 
Geothermal Engineering Technology 

V 

* .  
Objectives of the Program 

3 
1. To train technologists to work in'the field of geothekal energy. 

. a. Geothernal Exploration and Reservoir Assessment Technology 

3 The technologist will be able to :  

--Supervise field exploration crews in the f i e ld ;  
--Take ssmples for laboratory analysis and perfom the 
necessary field preparation for storage and shfpment; 

--Perfom the analytical chemistry techniques that m a t  
be donh in the f i e l d ;  

--Supervise the layout instrumentation placement and 
operation for geophysical exploration: 

--Supervise test hole drilling and logging; 
--Perform field recovery and logglng of core samples; 
--Perform and supervise production vel1 logging by a l l  

--Gather data for ground water etudi-es, perfom geological 

-Prepare reports to the  supervising geophysicists or 

--Prepare impact statements for exploration arid as~eswlgnt 

Geothermal Well Completion and Utilization Technology 

The technologist will be able to: 

--Specify and supervise installation of well casing a d  
well head equipment; 

--Under the direction of a registered engineer, petforu 
design and supervise installation of vapor and fIuid 

. transmiseion piping systems including seperatora and 
silencer8, p q i n g  equipment, heat exchange equipPent 
of a l l  types, pollution control equipment and proca- 
duree, instrumentation and controls; and 

--Perform field engineering, 6UperViSe maintenance uork, 
prepare reports for his supervisors, and write *act 
statements related to the,spplicatian of geothermal 

r, 

' 

W applicable techniques; 

mapping and sampling; 

hydrologist; and 

0 activities. 

b. 

Y 

Y 

Y energy. 
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GEOTHEPIf-lAL TECWOLCGY 3UESTEONNAIRE W 

1.. How many positions per year would yo3 expect your company to 

have that could be filled by geothermal graduates? 

Associate (2 year) Degree Graduates 6 

Bachelor (4 year) Degree GradQates 28 

W J  

W \ 

2. 00 the curriculum objectives as stated fit your company's needs? 

Exploration YES 15 NO 3 - . .  

Utilization YES ,14 NO 3 



-If--- ~ -2 - -..-A 

v 

5. Which, i f  any, of the addi t iocz l  courses listed would you l ike  

to see in‘the curriculum? Y 

More * ,  

48% Geology - 13 
V 

Chemistry - 5 19% 

- 5  19:: Thermo I 

‘ Geophysics - 4 1% 

Legal - 3  11% 
V 

Several l isted one other course (rrixed) 

6. Which, if any, courses listed i n  the curriculum would you suggest 

omitt ing o r  reducing i n  credit hours? 
I 

Y 

Supervision - 6  22% 

Social Science - 6 225 

cw Psycho1 ogy - 4  15% 

7% 

72 

Machanics - 2  

Elec. Plachines - 2 

7. Mould your organization be w i l l f n g  ‘to send a representztive t o  

the OIT campus discuss the curriculun? 

YES 2 NO 10 ?3 
U 

Most d i d n ’ t  check either way. 

8. General comments: 

Four responses were highly i n  favor of the program. Three w 
were not i n  favor o f  the program; either there was no need or the 

courses d i d  not f i t  company needs. Three offered crop program pos- 

si b i  1 i ties. W 



W 

APPENDIX I I I-C 

Occupational Profiles from Project Independence 

P 
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Geothermal Man ower Estimates 

V . T h i s  section presents the assumptions and factors used t o  estimate 

the manpower requirements for geothermal. Two types of geothermal 

energy processes are presented: 

hot water. 

Corporaticin for  use i n  the FEA Project Independence Blueprint 

exercise. 

The manpower "bui lding-block" estimates were developed around an 

assumed economically viable geothermal producing f ie ld  having an 

installed capacity o f  200 MIJe. To compute to t a l  manpower require- 

ments the manpower bui  lding-block estimates presented i n  thr ' s  section 

(1) dry-system and (2)  brine o r  

The manpower estimates were prepared by Bechtel 

W 

* 

D- 1 U 
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Manpower Est., Brine and Dry Steam 
General Assumptions and Factors 
200 MWe (Net) P l a n t  V 

1. U t i l i t y  companies are presently demanding t h a t  the 20 percent excess 
capacity be developed i n  the geothermal field as a hedge against 
uncertainty and premature failure o f  wells. 
i n  the 1980's w i t h  better knowledge of the energy source. Manpower 
estimates presented on the following pages fo r  (a) reservoir design 
and development and ( b )  gathering systems should have been increased 
by 20 percent for this excess capacity requirement. 

5 percent o f  t o t a l  manpower personnel. 

This may not be required 
W 

. I ? .  Manpower estimates for clerical and administrative personnel represent Y .  

I 
* *  

w 

.- 

(I e '  
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W 
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Y 
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Manpower Est. Brine Resource (Only) 
All Phases of Development 
200 MWe (net) Plant  

v 1. Scope o f  klork: 

All phases of development of a ho t -b r ine  resource for  production 
o f  electrical energy including: 

a )  Resource Exploration and appraisal 
b) Reservoir design and develoDment 
c )  Conversion system design and construction 
d )  Operation and maintenance 

W 

I i .  Assumptions: 

w a )  Manpower requirements for  exploration, and discovery of dry-steam 
resources will be twenty (20) times t h a t  required for  the same 
capacity o f  brine resource. 

be proportional t o  the required number o f  wells, and w i l l  be t h e  
same for either dry steam or  brine resources. 

construction of a brine-type power p l a n t  will be 40% greater 
than  for a dry-steam p l a n t ,  

d )  Manpower requirements for operation and maintenance o f  a brine 
p l a n t  will be a t  least 25% higher. 

b )  Manpower requirements for reservoir design and development w i l l  

V 

c)  Manpower requirements for the conversion system design and 

. 
V 
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Manpower 'Est. Brine Resource (only) 
Resource Exploration and Ap.praisa1, 
200 MWe (net) Plant 

Scope o f  Work: 

Conduct i n i t i a l  gross reconnaissance t o  identify prospects; conduct 
local geologi cal/geophi cal investigations t o  d i  scrirni nate among 
prospects and identify specific resource t o  be developed; develop 
necessary rights and leases t o  permit physical development; s i n k  
necessary exploratory we1 Is t o  determine chemical and thermal properties 
o f  the geothermal f l u i d .  

Assumptions : 

1. Explore 4 prospective areas t o  f i n d  1 desirable prospect 
(Physical measurement). 

2. Drill 16 drillable prospects t o  f i n d  1 field of 200 MW electric 
minimum init ial  capa'city. 

3. Average well capacity is 5 MWe per well. 

'\4. Drill 2 exploratory holes per drilled prospect. 

5. Take 60 calendar days per exploratory hole. 

6. Have 4 dril l  rigs drilling for 18 months. 

7. Twenty-four month exploration and drilling program t o  f ind  
200 MWe; 

Manpower ( In  Man Years) 
Resource Exploration & Appraisal 

Quanti t y  Requi red - Ski  11 1st Yr . 2nd Y r  

3 
. 2  

2 
4 

12 
8 
4 

Geologist 3 3 
Geophysicist 2 2 

4 a 

2 1 
2 4 -  
6 12 

2 4 
2 

L andman 
Drill rig foremen 
Dri 1 1 ers 
Laborers 
Truck Drivers 

2 Geochemists 1 

0- 4 
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Manpower Est., Dry-Steam Resource (Only) 
Zsservoir Design & Development 
200 MWe (Net) Plan t  

Y Scope o f  Work: 

Construct reservoir model; locate and dr i l l  a l l  production wells and a l l  
reinjection wells; perform well-logging and preliminary well tes t s ;  
case, cement, and complete a l l  wells t h r u  the well-tiead valves t o  
complete shu t - in .  Conduct well-flow tests,  chenical sampling, etc. 

Assumptions : 
r, 

c 

a)  Total fni t ia l  production wells = 34 wells (provides 20s spare capacity) 
b) Drilling time = 60 work days/well (average) 
c )  Working dril l  rigs = 5 (average) 
d )  Average well depth = 5000 f t .  

v .  
Man Years .. 

Quantity (1.0 yr . )  (0.2 yr . )  
Required $V 1 s t  y r ,  2nd yr. 

.75 0 Reservoir Engineer 
0 . 3  . Geologist (Theoreti cal ) 

. 3  0 Geophysicist 0 

. 3  0 Geochemist 

.75 Q Ma thema t i c i an ( Appl i ed ) 

.75 0 Mat hema t i ca 1 Techn i c i an 

.25 0 Oraftsman 

v 

Hydrologist . 3  

. Geologist (Core-Logger) 2.0 0.4 

Rig Foreman 4 0.8 
3.2 Uri 1 ler P i  pe- Fi t t e r  4 0.8 

Welder 2 .  0.4 
0.2 . 

2 0.4 Truck Driver 
‘ 12 2.4 Laborer 

Mech . Engineer 1 .so 0.4 

V Mechanical Technician 1.50 . 0.4 

1 Dri 11 i ng Superintendent 1 .o 0.2 

t * 

16 
4 0 

Crane Operator 1 

Reservoi r Engineer 0.75 0.2 

Geocheni s t 0.75 0.2 

1 ‘  
V 

I 
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Manpower Est. Dry-Steam Resource (Only) 
Operation & Maintenance 
200 MWe (Net) Plant V 

I. Scope o f  Work: 

Operate and maintain the entire energy recovery systen and 
conversion system thru the 35 year design l i f e  of the 200 MWe -. 

plant. Assume 2 wk. planned outagelyr. + 30 day planned outage 
each 3 years, for each unit. 

'v 

11. Powerhouse: Average 
Man Years 

Quantity Per Year o f  
cl' Requ i,red Ski  11 ed Personnel Plant Life- 

P 1 ant superi n tendan t (oper . ) t 
Shift Foreman 3 
P1 an t Opera tor 9 

Mech. Engr. (Turb, Specialist 0.1 
Corrosion Engineer 0. 1 
Instrument Technician 0.5 

* Foreman 0.2 
M i  11 wri g h t  0.2 
Machini st 0.2 
Pipefitter 0.3 
Me1 der . 0.2 
El ectri c i an 0.2 
Insulation Installer 0.2 
Painter 0.2 

J i Rigger 0;1 
i i Crane Operator 0.1 . 0.2 La borer 

z 111. Gatherinq System: Ave rag c 
: #an Years 
! Quanti ty Per Year a f  

P l a n t  Life 

1 .  

0 
Y 4 
v 

k 

+, 

1 

3 .  

. .  49 

Ski 1 led Personnel I 

Si el d Opera tor 

Fareman 0.1 
P i  pef i t t e r  0.2 

4 We1 der 0.1 
Insulation Installer 0.2 
Crane Opera tor 0.1 1 

5 Required 
i \ 

I 
? 

Y 

i 

d 

Y i 
1 

i. 

T 
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Civil Engineer II (Design) 

Draftsman 
Mech. ( " 1 
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MANPOWER FORECAST 
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In t roduct ion 
Y 

Based on the information we have obtained from the personal interview 

phase o f  the manpower assessment study and upon the other sources available, 

the  fol lowing procedure was used t o  forecast manpower growth i n  the  geother- 

mal industry. Note tha t  t h i s  forecast 3s only  fo r  t ha t  segment of the 

indust ry  which encompasses e l e c t r i c a l  energy production. To date the d i r e c t  

use geothermal a c t i v i t i e s  are l a rge ly  undefined. This may be a serious 

shortcoming i n  assessing the industry 's growth and potent ia l  uses since 

d i r e c t  use i s  the  most e f f i c i e n t  appl icat ion of the  resource. Therefore, 

we have developed a crude employment m u l t l p l i e r  for  t h a t  segment o f  the 

indust ry  which i s  no t  engaged i n  commercial production of e l  e c t i c i  ty. Despite 

the  uncer ta in t ies t h a t  attend the  forecast and t h e  appl icat ion o f  the 

v 

3 

d 

c * mul t i p l i e r ,  t h i s  i s  a necessary f i r s t  step i n  the development of a c learer  
i 

p ic tu re  o f  t h i s  r e l a t i v e l y  unknown segment of the industry. 

v Elec t r i ca l  Energy Growth Scenario 

The f i r s t t a s k w a s  t o  i den t i f y  the most l i k e l y  growth scenario for the 

industry. Forecasted potent ia l  growth i n  the indust ry  has d r a s t i c a l l y  de- 
3 - 

c l ined  from the  h igh ly  op t im is t i c  extremes o f  a few years ago. The i l l u s -  

t r a t i o n  on the  next page demonstrates t h i s  point. As time has passed, more 

real  ism has c rep t  i n t o  the  assessments and expectations o f  the resource. 
u3 

A1 though the more recent estimates are m r e  compatible than e a r l i e r  ones, 

dif ferences may s t i l l  be i n  the  neighborhood o f  several hundred megawatts. 

Given the small base o f  indust ry  output (e.g., 502 MWe i n  1977) as a po in t  

of reference, i t  i s  obvious t h a t  dif ferences o f  t h i s  magnitude are considerable 

i n  percentage terms and would a f f e c t  manpower estimates accordingly. 



Estimates o f  We t o  be Generated 
from Geothermal Resources 

395,000 

[7 1985 

. 

U. S. Department o f  Energy, Interagency Geothermal Coordinating Council, Third Annual Report: 
Geothermal Energy, Research, Development & Demonstration Program (March 1979), p. X I .  

2U.S. Department o f  Energy, Interagency Geothermal Coordinating Council , Second Annual Report: 
Geothermal Energy, Research, Development & Demonstration Program (Apr i l  1978), p. 5-6. 

*3U.S. Bureau o f  Mines Analysis, 1973. \ 

partment o f  In te r io r ,  "Assessment o f  Geothermal Energy Resources, 1972. I' 

*5"The Nation's Energy Future," a repor t  t o  the President o f  the United States, submitted December 1, 1973, 
: J  by the Chairman, A.E.C. 

*6W.J. Hickel, Geothermal Energy, 1972. 

*The references are given as c i t e d  i n  U.S. Congress, Senate, Petroleum Industry Involvement i n  A1 ternat ive 
Sources o f  Energi, Pub1 i ca t i on  No. 95-54, 95th Congress, 1 s t  Session, 1977, p. 61. 
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Most sources have forecasted no additional commerical production except 

a t  The Geysers u n t i l  1983.l However, there is  disagreement as t o  how much I 
I 

J 
power will come on line a t  The Geysers during 1979, 1980, 1981, and 1982. 

The installed capacity was 502 MWe a t  The Geysers i n  1977, approximately 

608 MW i n  1978, and approximately 908 MWe by the end o f  1979. 

the best estimate through 1980 to  be 971 MWe based on information released 

by the California Energy Commission and the best estimate for 1981 to  be 

We consider e 

w 
t 
I 

w 

1301 MW,. 

1453 MWe for  1980 and 1981 respectively which were given by the Energy Research 

and Development Agency, Division o f  Geothermal Energy.' The rationale for this 

conclusion is t h a t  the 1 a t t e r  overestimated the Geysers ' o u t p u t  by approximately 

These estimates appear t o  be more reasonable t h a n  1288 MWe and 

165 We for 1978 and approximately 105 We for 1979. Estimates have been 

updated in 1978 and 1979 reports by the Department o f  Energy's Interagency 

Geothermal Coordinating Council (IGCC), b u t  the forecasts begin with the year, 

r, 1983.4 T h i s  required the use of the other sources t h u s  f a r  mentioned. 

The IGCC's scenario (as used i n  the 1979 report) is used beginning 

w i t h  1982 (when 1680 Me are forecast for The Geysers) and progressing 

through 1990. Although there are other (differing) estimates of industry 

growth, they are not as specific as t h a t  of the IGCC. Also ,  as the 

a t  The Geysers t o  be 1733 MWe by the end o f  1983 and addi t ional  installed 
capacity t o  be 138 MWe a t  Imperial Valley and 50 MWe a t  Roosevelt Hot Springs,  Utah 
for the same year. See Robert W. Rex, "The U.S. Geothermal Industry i n  
1978," paper presented a t  the Geothermal Resource Counci 1 ' s Speci a1 Short  
Course No. 7, Geothermal Energy: A National Opportunity (The Federal Impact) , 
Washington, D.C. (May 17-18, 1978). 

3 

'An exception i n  given by Robert Rex, who projects installed capacity 

49 

Y *Ibid. 

3U.S. Energy Research and Development Agency, Division o f  Geothermal 
Energy, First Annual Report: Geothermal Energy Research, Development and 
Demonstration Program (Apri l  1977), p. 110. 

w 

M 

U.S. Department o f  Energy, Interagency Geothermal Coordinating Counci 1 , 4 

Second Annual 
rhWXiUU (April 1978), and Th i rd  An& Rqor t :  Geothe ma1 Enerqv. Research, 

Report: Geothermal Energy, Research, Development & Demonstration 

nt R n e m n n z t r m  P r o w  (March 1979 . 



w 

W 

3 

3 

3 

J 

3 

(3 

rrs” 

3 

* 

1 r,’ ‘ i ’ 
/- 

uncertainties increase the further we are trying t o  peer i n t o  the future, 

the evaluation of the underlying assumptions t h a t  lead t o  differing 

estimates becomes more tenuous. The one qualification t h a t  can be made 

is t h a t  other estimates are lower and tha t  the results of our personal 

interview phase indicate t h a t  the IGCC scenario is likely t o  be optimistic. 
I 

Assumptions 

The complete development scenario on which our forecast is based 

is given as Appendix .IV-A. With  very few exceptions i t  appears t h a t  a l l  
increments i n  generating capacity will be either 50-55 Me single turbine- 

generator systems or  dual systems counted as a 100-110 We u n i t .  T h i s  

limitation on the size of a generating u n i t  is mostly the result of 

constraining reservoir characteristics (e.g. , well placing and 1 imitations 

on distance from well head t o  the generating u n i t )  . 
Since most of the manpower data available t o  us (via our personal 

interview survey and other sources) are predicated on the completion of 

a 50-55 We fac i l i ty ,  a convenient building block exists. However, there 

i s  the problem o f  economies of scale if  one i s  discussing units greater 

than 55 We. 

w i l l  require less manpowerinall (or some) phases o f  development than 

two 50 

will see different types of generatfng systems required over the next 

ten years -- i.e., multiple flash and binary systems -- which may require 

In tu i t ion  may lead one t o  conclude t h a t  a 100 MWe u n i t  

u n i t s . .  T h i s  has some appeal i n  the short run;  however, we 
I 

more intensive manpower use than current dry steam systems. Application of 

new technology may allow the development of what  are currently considered 

less productive reservoir systems, b u t  on the other hand there i s  no 

guarantee t h a t  manpower requirements will be reduced or  t h a t  economies 



W u* Jli 

of scale will be realized w i t h  larger units. T h i s  i s  b u t  one example of a 

number of "countervailing uncertainties" i n  the future development of the 
W 

geothermal -industfy. * Therefore, -%@:have elected to assume that -the .manpower 

requirements for u n i t s  significantly larger t h a n  50 W, L are simply a 
3 

linear multiple of the requirements fo r  the 50 M4, L u n i t .  

During the course of our investigation in to  the geothermal industry 

(especially pertinent is the personal interview survey) we have been 

provided w i t h  various estimates as t o  the technical limitations and 

manpower requirements i n  various activities .l 

provided an interval. estimate. Based on this format we believe that a 

m i n i m u m  and a maximum manpower requirement schedule can be constructed, 

In effect this process has only decreased the uncertainty of our estimate 

t o  the extent t h a t  we have increased the range. As more information becomes 

available i n  the future, the estimated range of requirements @ the margin 

J 

In most cases respondents 

.rr 

J 

of error should be decreased. 

3 The nature of the information available t o  us was quite useful i n  

forecasting gross employment. However, an employmat forecast of  a more 

specific nature presents a number of additional technical problems which w i l l  

be discussed later. A1 so, our know1 edge of particular occupations i s  supple- 

mented somewhat from the views of employers concerning current and expected 

scarcities i n  certain occupations, T h i s  discussion can be found i n  the 

personal interview segment of  this report and i n  the conclusion of the 

technology assessment. 

3 

lu3 

The following is the set of additional general assumptions underlying 
V 

'For detailed explanation see the Summary o f  Findings from the Personal 
Interviews. 

Y 



the forecasting model 

(1) The pace of development of electrical energy production will proceed 
as outlined under the previous section, Electrical Energy Growth 

Scenario. See Appendix IV-A for complete details. 

(2) The occupational structure of the industry and of ind iv idua l  firms 
will not be radically altered from its current status by demand or 

supply considerations or  by technological change. 

(3) Technal~gy*'will ..aeHher.sp&*ap -nor. slow down the .varfbus a&.ivit.ios 

involved i n  br inging  a power p lan t  on line or i n  operating and 

maintaining a power plant. 

(4) There are no ecnomies o r  diseconomies o f  scale either w i t h  different 
sizes of power p lan ts  or  w i t h  power plants based on different resource 

characteristics. 

( 5 )  Current or proposed chanqes i n  regulatory requirements will neither 
increase nor decrease the pace of development. 

As previously discussed the specific assumptions follow the development 

of low and h igh  estimates of requirements for various activities. 
Low High - 

(1)  300 person months are required (1) 360 person months (same explanation 
t o  explore and asses the r.escrutbce 
t o  the extent t h a t  a decision can 

and qualifications as for  the low 
estimate). 



W 

be made of whether or not to 
develop the reservoir. This 
excludes drilling activities, 
but includes such efforts as 
aerial surveys, seismic 
surveys, and resistivity 
surveys. 

(2) The minimum well depth require- 
ment is 7000 feet. 

d 

(3) The maximum drilling rate 
is 200 feet per 24 hour day. 

(4) The minimum requirement to 
operate and maintain a 
drilling rig 24 hours per 
day is 20 persons. 

3 

3 

(5) 23.33 is the minimum person 
months required per 7000 

{ 7000' /%IO ' * 
35 days and 35 days * 20. 
persons = 700 person days 
which if divided by 30 days = 
23;33 person months) 

3 

Y 

(6) The same requ 
for expl orato 
wells. b 

@ 
I 

High 

(2) The maximum well depth requirement 

. 14,000. feet. 
that is economically feasible is 

(3) The minimum drilling rate is 
100 feet per day. 

(4) The maximum requirement to operate 
and maintain a drilling rig 24 hours 
per day is 24 persons. 

(5) 112 person months is the maximum 
required per 14,000 foot well 
(14000'/100' = 140 days and 140 
days * 24 persons = 3360 person days 
which if divided by 30 days = 112 
person months) 

( 0)  The same requirements exist for 
exploratory and production we1 1 s . 
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- Low 

(7) The m i n i m u m  number of 
expl oratory we1 1 s needed is 
one. 

(8) The minimum number of 
production wells needed for  
a 50 We plant is ten. 
Therefore , the requirement 
i n  person months would be 
23.3 * 10 = 233.3. 1 

(9) The minimum requirement for  
power plant construction 
(50 We) is 2400 person months. 

(10) The manpower requirement i n  
person months for  construction 
o f  the reservoir feed system is 
25% of the requirement for  
construction the power plant 
( l.e., 2400 * .25 = 600). 

(11) One person (12 person months) 
per year is required t o  operate 
and maintain the reservoir feed 
system. . 

(12) 80 person months are required 
to  construct I the transmission 
lines for a 50 MNe p l an t .  

High 

(7) The maximum number of exploratory 
wells needed is  five. 

(8) The maximum number of production 
wells needed f a r  a 50 We plant is 
twenty-four. Therefore, the 
requirement i n  person months would 
be 112 * 24 = 2688. 

(9) The maximum requirement for  power 
plant construction (50 Me) i s  
4800 person months. 

(10) Same requirement as the minimum 
estimate ($.e., 4800 * .25 = 1200). 

(11) Four persons (48 person months) per 
{year are required t o  operate and 
maintain the reservoir feed system. 

(12) 240 person months are required t o  
construct the transmission 1 ines 
for  a 50 MWe plant. 

'We have not b u i l t  into the model a method of including replacement 
wells. This is an extremely d i f f icu l t  area t o  quantify. However, our 
range of estimates should be sufficiently broad t o  take this factor into 
account. 



(13) 100 person months per year (13) 360 person months per year are 
Y are required t o  operate and 

maintain a 50 MMe plant. 
required t o  operate and maintain 
a 50 Mwe plant. 

The Forecast 

Total Growth i n  Employment 

Using person months as the common u n i t  of measurement the minimum and 

w maximum total  requirements for new plants can now be calculated for  1985 

and 1990. 

Total, Manpower Requirements for  1980 through 1985 Forecasted Growth (new plants) 1 

V Estimated output i n  We for  1985 is  3090. Using 1979 as the base 

year i n  which output is expected t o  be 908 MW,, the difference is  2182 We. 

If 50 MWe i s  used as the building block u n i t  of measurement, approximately 

43.6 generation u n i t s  will be required (either singly o r  combined). w 

The computation of the minimum manpower requirement i n  person months for 

each 50 MWe u n i t  is as follows. 
v 

300 (resource exploration and assessment) 
23.3 ( expl ora tory  d r i  1 1 i ng ) 

233.3 (production d r i l l i n g )  
2400 (power plant construct ion) 
600 (feed system construction) 
12 

100 

3748.6 

'Note that  we have excluded demonstration plants from our analysis. The 
reason for this decision is  i n  part because the only information we were 
able t o  obtain on demonstration plants concerns operations and maintenance. 
However, the stronger argument 1 i e s  i n  the "abnormal" manpower structure 
these plants require because of their experimental nature, the legal 
limitation on the length of time they can operate, and on their  limited 
size, 5-10 We. Exclusion of this category only deletes 2-3 plants from 
analysis. 

@ 

(operation and maintenance of feed system) 
(operation and maintenance of power Plant) 

Y t 80 (transmission 1 ines construction) 

Y 

cp 



w The maximum manpower requirement i n  person qnths  for each 50 MWe u n i t  

i s  as follows. 

360 (resource exploration and assessment) 

560 (exploratory d r i  11 i ng ) 3 

2688 (production dril l  ing)  

4800 (power plant construction) 

Y 1200 (feed system construction) 

48 

360 

(operation and maintenance of feed system) 

(operation and maintenance o f  power p l a n t )  

w + 240 (transmission 1 ines construction) 
10,256. 

Therefore, the to ta l  manpower needs i n  order to have 3090 MWe on l ine i n  

transmission lines which allows the use of the same personnel t o  perform 

this task regardless of the power source, and (3) the general a b i l i t y  of 

many firms to switch personnel from geothermal t o  other activities (and 

vice versa) as the need arises. Also, responses from many ind iv idua l s  

responding t o  our mail survey indicated a large number of persons 

Y 

W 



associated w i t h  the industry only on a part-time basis. 

Total Manpower Requirements for  1986 t o  1990 Forecasted Growth (new Plants) 

v 

The increment i n  the number of 50 MWe plants inc luding  1986 through 

V 1990 is 124.5. Using the same computations as i n  the previous section the 

minimum requirement is estimated to be 3748.6 * 124.5 = 466,700.7 person 

months and the maximum requirement to be 10,256 * 124.5 = 1,276,872, or 

38,892 t o  106,406 persons (with the same qualifications as above that  this 

would be a downward biased estimate). 

Total Manpower Requirements for 1980-1 990 Forecasted Growth  (new plants) 

w 

rr 
The total number of 50 MWe plants required i n  this period is 168.1. 

This implies an estimated to t a l  manpower growth requirement dur ing  this 

period t o  be . 
Y 

minimum 3748.6 * 168.1 = 630,139.6 person months 

maximum 10,256 * 168.1 = 1,724,033.6 person months 

o r  52,512 - 143,669 as a downward biased estimated range of t o t a l  persons 

required. 
Y 

Net Growth in Employment 

Very 1 i t t l e  information was obtained concerning the replacement needs 
w 

. o f  the industry, except i n  the dr i l l ing  act ivi ty  i n  which turnover was 

quite high. Therefore, we have assumed replacement needs t o  be tern i n  

our forecast. Due t o  the nature o f  the relatively small size of the 

industry ( i n  terms of o u t p u t  and employment) and the short time horizon 

of our forecast, we do not view t h i s  as an unreasonable assumption. 

0 

Another observation is th& the construction act ivi t ies  were not 
V 

mentioned as a problem area (in contrast t o  the breakdown of the labor 

market infrastructure i n  some locales associated w i t h  the coal boom i n  the 



w 

area. One report states, "Construction activities have been continuing 

for  so many years a t  The Geysers power plant  t h a t  a large labor  force lives 

i n  the general area."1 

U 

Second, geothermal power plants are quite small (e.g., 50 MW,) compared 

t o  a coal fired power plant complex (e.g., 750 We). The accompanying 

manpower requirements are therefore much lower and produce socio-economic 

impacts o f  a much smaller magnitude. 

i n  areas where multiple p lan t  developments will be concentrated, for 

v 

The impact is of  course much greater 
Y 

2 example, i n  Imperial Valley. 

Th i rd ,  as are a l l  power plants, the geothermal plants are subject t o  
w 

a number of regulatory screenings and controls which slow down the develop- 

ment process. 

years from in i t i a l  exploration to f ina l  ited construction of*the power 

p lan t .  

Currently, the requirements seems t o  be a minimum of  4 1/2  

rrr 
T h i s  should provlide ample time for planning manpower availability 

and efficient u t i l i za t ion .  

In connection w i t h  this t h i r d  factor we d i d  not attempt to time phase 
ud 

the manpower requirements. The reasoning is t h a t  this would only serve 

to  unduly complicate t h e  forecast, especially since various sources are not 

only i n  disagreement on the amount of power t o  come on line i n  the future, 

b u t  also i n  disagreement o f  when and where plants will come on line. 
v 

II) 

Cal ifornia Resources Conservation and Development Comission, Consultant 
Report: Environmental Analysis for Geothermal Energy Development i n  the 
Geysers Region, Volume 11: Master Environmental Assessment (May 1977), 

'IL1 p. V-D-10. . 
2See, Geothermal Element: Imperial County Cal ifornia,  National Science 

Foundation Grant No. AER-75-08793, 

W 
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There are two areas which can be given special consideration i n  determining 

the net employment requirements t h a t  will be generated by industry growth. The 

first is t h a t  we can judiciously assume t h a t  the manpower required t o  p u t  a 

given o u t p u t  on line i n  a benchmark year will carry over i n t o  succeeding years 

and can therefore be subtracted from the to ta l  'requirements. The second i s  

operations and maintenance personnel which will became a fixed requirement 

w i t h  the physical facil i t i es  once they are established. 1 

The first area of special consideration is perhaps more arbitrary, b u t  we 

view i t  as necessary i n  the effort t o  produce more accurate estimates. We have 

chosen 1978 as a base line year of employment. In order t o  meet the forecasted 

o u t p u t  for this year an add i t ion  of 300 We must be made over the 1978 o u t p u t  

which was 608 MWe. 

addition will therefore.require the capability i n  terms of manpower of developing 

six new un i t s .  #e will therefore subtract this "existing" manpower base from 

the 1985 and 1990 to ta l  estimate of manpower requirements i n  order t o  produce 

the net requirements. 

be zero throughout the eleven year period incl uding 1980-1990. 

In our b u i l d i n g  block estimate of 50 MWe plants this 

Recall tha t  we have assumed replacement requlrements to  

Given our choice o f  a base year to  assess the existing manpower stock i n  

order t o  arrive a t  net future requirements, we have included Table Iv-1 SO the 

reader can understand the discrete changes i n  output as forecasted for each 
, 

year and how our choice compares w i t h  other years. However, note t h a t  a few 

'This obviously excludes maintenance work t h a t  i s  contracted for as needed. 
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V 
Forecasted (or achieved) Percentage Change Year O u t p u t  i n  M4- from Previous Year 

7 L 

-(I 

21 .o V 
1977 

1978 

TABLE Im 

502 

608l 
1979 908l 49.3 

1980 971 2 6.9 

1981 1 301 34.0 

1982 1680 29.1 

1983 21 90 30.4 

U 

1984 241 0 10.0 V 

1985 3090 28.2 

1986 3690 19.4 

30.5 1987 481 5 

1988 6115 26.9 

1989 681 5 11.4 

36.7 1990 931 5 

3 

I 

vrrl 

, 

Y 

’Estimate provided by the Geothermal Energy Institute. 

2California Energy Conmission estimate. All other estimates are from the w 
Interagency Geothermal Coordinating Counci 1 Is Third  Annual Report (March 1979). 

e 



months delay (or advancement) of the power-on-line schedule for  a few plants 

m i g h t  greatly a1 t e r  the percentage estimates for certain years. 

V Before subtracting the "existing" manpower base from total requirements 

the second consideration, operation and maintenance personnel , must be 

discussed. 

will require a complete operation and maintenance staff tha t  .generates an 

equivalent number of new hires i n  the industry. Therefore, since this part  of 

the manpower stock can n o t  be carried over in to  the future plants, i t  must be 

deducted f r o m  the total stock for the base year." The computations are as 

fol  1 ows. 

Exis t ing  Manpower Stock ( i n  person months) for 1979 ( i . ea9  capability t o  

I t  is reasonable t o  assume t h a t  each new plant and feed system 

V 

Y 

br ing  six 50 MWe power plants on line). Y 

Minimum Maximum 

300. (resource expl orat i  on/assessment) 360. 

560. 

2688. 

2400. (power plant construction) 4800. 

1 200. 

Y 23.3 (exploratory d r i l l i n g )  

233.3 (production dr i  11 i ng) 

v 600. (feed-.s&ein' consthction) - - . 

peration/maintenance of feed 48 ; 

360. 

+ 240. 

3748 . 9 10856. 

0 100. (operati on/mai ntenance of power 
- p l a n t )  

+ .-80. (transmission lines 
construction) 

Y - 112. (combined operation/maintenance - 408. 
personnel ) 

9848 
3636.6 

'O f  course highly skilled ind iv idua l s  are indeed moved from one p l a n t  
t o  another, and less ski 11 ed i ndi v i  dual s are careful ly  screened for  t r a in ing  
programs t h a t  enable them t o  move in to  higher positions a t  new plants or  
existing plants. However, even i f  occupational growth i n  the industry can 
be managed through the internal labor market, the demand will s t i l l  be 
forthcoming for the new hires a t  the bottom of the skill ladder. W 



These minimum (21,819.6) and maximum (59,008) estimates can be 

deducted from the total  manpower requirements for 1985 and 1990, b u t  a 

f ina l  assumption must be made. We assume that  six power plants can be 

brought on line w i t h  existing capabilities by 1985 and t h a t  an additional 

six plants can be brought on line by 1990. Therefore, i n  the 1980-1990 

time frame i t  follows t h a t  existing manpower is capable of br inging  

twelve plants on line. We can now compute the estfmates for net employment 

gains i n  our forecast. 

Net Employment GaSns 1980 - 1990 (person months) 

Minimum Maximum 
163,438.96 ( to ta l  forecasted employment 447,161.6 

i n  person months) 

months t o  b r ing  six power 
plants on line by 1985) 

- 21,819.60 [1979 capabili ty i n  person - 59,088. 

141,619.36 (net gain i n  person months) 388,073.6 

Net Employment Gains 1986 - 1990 (person months) 

Maximum Minimum 
466.7 00.7 1,276,872. 

I 

Net Employment Gains 1980 - 1990 C Oerson months) 
M i  n i  mum Maximum 

630,139.6 1,724,033.6 

- 43,639.2 ( for  12 power plants) - 118,176. 

586,500.4 1,605,857.6 



t 

As has been previously explained, the conversion o f  person months t o  

expected full-time new hires by d iv id ing  by twelve will be a considerable 

underestimate o f  the total number o f  people t h a t  are likely t o  be employed 1 I 

V 

i n  the industry, because of part year employment and fluctuation between 

thermal and nonthermal activities. The reader is urged to  keep this qual- 

ification i n  mind i n  examining the following figures. 

V 

* 

Y Net Employment Gains 1980 - 1985 {new hires)- 

M i  njmum Maxi mum 

11,802 32,339 
w 

Net Employemnt Gains 1986 - 1990 (new hires) 

Minimum Maximum 

37,073 101,482 
V 

Net Employment Gains 1980 - 1990 (new hires) 

M i  n {mum Maximum 
1 

48,875 133,821 

3 

VI 

I, 

V 

cr 'Totals may not be completely consistent due to rounding. 



w 
The Application of Mu1 t i p 1  iers 

We have used the broader empirical analysis derived from the mail 

survey to  develop a general multiplier for addi t ional  employment generated 

i n  the industry based on on-site development activities (see pages 11-35 

and 11-36). Note t h a t  t h i s  i s  not  a secondary employment multiplier 

(meaning not directly attached t o  the industry) b u t  instead reflects' 

additional employment t h a t  is directly involved i n  geothermal activities. 

These activities may include such categories a s  investment, legal , and 

research and development. However, i t  i s  important t o  keep i n  mind t h a t  

many "employees" themselves may a1 so be attached t o  other industries and 

only involved i n  the geothermal industry on a part-time basis. 

Y 

us 

d 

The magnitude of the multiplier which  we calculated is 1.6. That 

is , for every employee a t  the development si te,  1.6 employees are needed 

tha t  are not directly attached t o  the development site. Thus, i n  order 

to  estimate the full impact of employment w i t h i n  the industry, we can 

apply the multiplier t o  the net employment gains which  were calculated 

i n  the l a s t  section. 

industry employment estimates are as follows: 

d 

3 

With the same r e s t r i c t i o n s  holding ,  t h e  total 

3 
Total Industry Employment Gains 1980-1985 (new hires) 

Minimum Maximum 

igr 30,685 84,081 

Total Industry Employment Gains 1986-1990 (new hires) 

Minimum Maxi mum 

w 96,390 263,853 

Tdtal Industry Employment Gains 1980-1990 (new hires 

Minimum Maximum 

ci 127,075 347,935 



V I t  is important to  keep i n  mind t h a t  the above estimates are a 

v 

separate avenue of approach from the forecast by specific occupational 

groups i n  Appendix IV-B. The l a t t e r  does i n  part compensate for the 

variety of  occupations which are not  directly connected w i t h  on-site 

developments. The multiplier approach is used here because i t  is quite 

compatible w i t h  our estimated on-site requirements t o  b r ing  a power 

Y 

plant on line. 

Secondary employment mu1 tipl  iers are perhaps the most uncertain. 

The smaller scale of field development, power plant construction, and 

operation and maintenance activit ies i n  the geothermal industry can be 

expected to  produce less secondary employment than a development such as / 

a coal-fired power plan t .  We d i d  no t  develop a multiplier ourselves, b u t  

one study which evaluated the cont inuing development a t  The Geysers l rJ 

J stated that 1.19 secondary jobs are generated for each job d i r ec t ly  

connected a t  the s i te .  1 

Finally, we recagnize the abil i ty t o  t u r n  a mediocre employment rJ 

picture i n t o  a h i g h l y  optimistic outlook by t h e  application o f  a simple 

mu1 tipl ier. Therefore, we urge the reader to  study the construction of 

the base to  which the multiplier i n  this study has been applied. 0 

bd 

Y Cal ifornia Energy Resources Conservation and Development Commission, 
Consultant Report, p. V-C-1. 



Supply Consideration6 

Established channels of manpower supply are s t i l l  nonexistent i n  

certain parts of the geothermal industry, especially where formal t r a i n i n g  

programs are concerned. The geothermal industry must compete i n  the 

national market for scientific and engineering expertise. B u t  university 

t ra in ing  for geothermal related areas i s  limited to  a few classes a t  a 

small number of universities and to specific t r a i n i n g  for graduate 

students on research projects. 

The supply of dr i l l - ing  personnel i s  best understood by viewing the 

d r i l l i n g  activity as an industry i n  i tself .  The problems are associated 

w i t h  a h i g h  turnover rate rather t h a n  in i t ia l  recruitment, and the basic 

causal factor is the undesirable nature of the job. The problem is 

expecially acute where geothermal d r i l l i n g  occurs i n  areas where there has 

been no o i l  and gas well drilling actively. 'In the past the crucial supply 

consideration has been the ava i l ab i l i t y  of rigs rather t h a n  labor. Although 

provided amp1 e time for planning manpower needs and assuring adequate supply. 



Finally, a more detailed discussion concerning supply of particular 

occupations can be found i n  the technology assessment and personal interview 

summary. 

Comparison of Forecasted Geothermal Employment 
w i t h  Other Energy Related Industries 

In order to gain some perspective on the forecasted geothermal 

employment, comparisons w i t h  a few other industries will be made.' The 

Bureau of Labor S ta t i s t ics  has projected employment i n  a base case and 

i n  a h i g h  employment alternative case for  1985 and 1990. T h i s  fac i l i t a tes  

easy comparison w i t h  our minimum and maximum estimates, and these are 

given as Table IV-2 on the following page. 
, 

Although the B.L.S. projections do not include the newer alternative 

energy industries, some investigators have made the following observation. 

"A1 though the subject of great interest  and pub1 icity,  the 'emerging 

technologies' -- solar, geothermal fusion, and bioconversion -- will not 

be large sources of new jobs over the next 8 to 10 years."* 

, 

I t  is important to keep i n  mind t h a t  our forecasted employment for  the 

geothermal industry is founded In the achievement o f  projected output 

(power-on-1 ine) as described by the IGCC's scenario. A1 so, our technique 

of forecasting a range o f  employment for a given year is based on m i n i m u m  

and maximum labor requirements t o  achieve a given task o r  complete a 

particular act ivi ty  (e.g. , well d r i l l  i ng )  0- not on a1 ternative output 

scenarios. 

"Industry Output  and Employment: BLS Projections t o  1990", Monthly Labor - Review, 102 (Apr i l  1979): 3-14, especially pages 8-9. 

i n  U.S. Energy Industries", Monthlv Labor Review (101) (May 1978): p. 10. 

I 

' Information about other industries was taken from Valerie A. Personi k, 

2klill is J. Nordlund and John Mumford, "Estimating Employment Potential 



Table IV-2 

1 Comparison of Forecasted Employment i n  Energy Related Industries 

Minimum 
1985 - 1990 - 

Geothermal 11,802 37,073 

Base Case 
1990 - 1985 - 

Coal Mining 43,000 86,000 

Crude Petroleum 

O i l  and Gas Well 
Dr i l l i ng  & Exploration 22,000 45,000 

New Pub1 ic Util i t y  
Construct ion 83,000 1 70,000 

Petroleum Refining 

and Natural Gas -14,000 -38,000 

& Related Products -6,000 -70,000 

Electric U t i l  i t l e s  68 , 000 75,000 

Gas Util i ties -10,000 -41,000 

Maximum 
1990 - 1985 - 

32,339 101,482 

High Employment A1 ternatives 
1990 - 1985 - 

49,000 101,000 

-1 1,000 -33,000 

29,000 44,000 

101,000 21 4,000 

-4,000 -7,000 

82,000 104,000 

-8,000 -32,000 

-'Me have computed the employment figures to  show the net gain i n  the 
1980-1985 period i n  each industry i n  order t ha t  they m i g h t  be more compatible 
w i t h  our estimate. 

i 



Forecast of Employment by Occupation 

The forecast of employment growth by specific occupations stands upon 

much weaker logical and practical foundations than  other parts of this study. 

The critical explicit assumption i s  t h a t  the occupational structure will 

not change during the forecasting period. Then the fixed coefficient 

technique i s  used w i t h  the additional assumption tha t  employment has a 

direct ( i n  t h i s  case, linear) relationship w i t h  o u t p u t .  However, the use 

of this technique allows two other related assumptions to creep into the 

model, and these must be made explicit i n  order t o  understand the weakness 

of this approach. The first is t h a t  we are actually assuming a zero 

elasticity of subs t i tu t ion  between different kinds o f  labor (as defined 

via  occupational t i t l e s ) .  Second, the function o f  relative wages i n  the 

labor market has been Omitted. 

In addition to the general shortcomings outlined above there are 

specific problems associated w i t h  our effort. 

a complete occupational profile of the industry we had t o  rely on two 

different sources. One i s  the Project. Independence l i s t  of occupations and 

the other is the occupational profiles developed from the personal interview 

phase of our study. As previously stated, we believe the Project Independence 

l i s t  t o  be the most comprehensive available. However, i t  i s  based on a 

hypothetical industry structure much different than  that developed i n  our 

forecasting model Therefore, the absol Ute and relative quantities of 

individuals required i n  each occupation are h ighly  questionable for our 

purposes. 

First, i n  order t o  develop 

On the other hand the occupational profiles developed from the 

personal interviews are based on an observation of  particular firms engaged 

i n  different activities a t  a given p o i n t  i n  time. T h i s  contrasts t o  the 



- 

Project Independence profiles which were constructed on the basis of .r need 

t o  complete a hypothetical plant i n  the future. One problem is that  our 

occupational profiles are only piecemeal and therefore can not by themselves 

be used t o  make forecasts. 

For example, the Project Independence occupational profile for resource 

exploration and appraisal l i s ts  that three geologists are  required i n  t h i s  

activity (leading t o  the construction of a 200 MWe dry steam plant). 

personal interviews we had seven firms responding that they employed a 

total  of 29 geologists for this purpose. Therefore, the two numbers ( 3  .t 29) 

were added to obtain a total of 32. 

geologists i n  this act ivi ty  i n  the occupational l i s t  and forecast i n  

Appendix IV-B; T h i s  process was performed for each common occupation from 

the two sources and when occupations were only 1 isted 'from one source, the 

accompanying number was used. Also, efforts were made to  combine some 

occupations under a single heading (e.g. , Administrative Management/Clerical) , 
and to combine some different occupational t i t les under one term when i t  

appeared there was no significant difference i n  job content (e.g. , assistant 

drill er and derrickman). The Dictionary. of Occupational Ti tl es (1 977 Edition) 

was used i n  this effort. 

In the 

T h i s  ;is the number that  appears for * 

The end result  of the process outlined above was that  each-occupation 

has a total number of  individuals, which  when divided by the total number 

of individuals i n  the complete industry occupational structure, yields a 

proportion which can be used as a forecasting coefficient given the above 

assumptions. 

and maximum net gain i n  the total employment figures for 1980-1985, 1986-1990, 

and 1980-1990. T h i s  method, therefore, yields the requirements ( i n  the 

number of individuals) for each occupation for these different categories. 

T h i s  coefficient is then mu1 tip1 ied by the forecasted minimum 



or 

This forecasting approach i s  admittedly highly  a rb i t ra ry  and subject to  
w challenges on many practical and theoretical grounds. However, there is no 

a1 ternative approach available- The defense 1 ies i n  whether the resultant 

projections are more useful than  none. 

a t  refining this technique o r  developing a better one which  will yield more 

dependable forecasts and will more accurately reflect the unique  character- 

istics of the geothermal resource. 

on understanding the technique used) of the actual numbers generated by the 

model i s  urged, The reader should be aware t h a t  the literature on the subject 

of forecasting makes i t  clear t h a t  even highly  accurate forecasts may lead t o  

the wrong pol icy choice because o f  a failure to understand the construction 

of the forecasting model. 

If so, criticisms should be directed 
3 

Finally,  a 1 iberal interpretation (based 
3 

V 

Having exposed the most important pitfalls  of our model and i t s  results, 
3 

some more positive features will be discussed. First, we believe t h a t  a 

more complete and timely occupational structure of  the industry has been 

developed. In several areas the occupational profiles from the personal 

interviews revealed new occupations that were n o t  listed i n  the Project 

Independence l i s t  -- e.g., land managers, environmental engineers and 

technicians, and area planners. Also, by adding the quantity o f  individuals  

i n  comn occupations from the two sources we believe t h a t  the occupations 

which have grown the most since 1974 have received the additional relative 

weights i n  calculating their coefficients. 

reveals t h a t  many of the occupations tha t  were described as bottleneck 

occupations i n  the personal interviews represent a considerable proportion 

o f  the industry, especially scientists and engineers. 

forecasting method, this a1 so means their relative growth requirements w i l l  

also be h i g h  and scarcity of these types of expertise may be more o f  a 

I 

(13 

w 

Inspection of Appendix IV-B 
@ *  

Based on our 
r, 
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Appendix IV-A 
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The fol lowing four pages are abstracted from the Department of 

Energy - Interagency Geothermal Coordinating Council's Th i rd  Annual 

Report: Geothermal Energy, Research, Development & Demonstration Program 

(March 1979). Our  report uses this scenario beginning w i t h  1983. Data 

used for previous years - 1978 (608 We) , 1979 (908 We) 1980 ( 971 We) 

and 1981 (1301 MMe) -- are  from other sources and are  cited i n  the text. 

. 

J 
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TABLE ES-1 

POSTULATED GEOTHERMAL ELECTRIC POWER ON LINE, BY REGIONS, 1983-1990* 
Cumulative Commercial-Scale Generating Capacity (We)** 

P r  e- 198 3 1983 1984 1985 1986 1987 1988 1989 1990 

REGION I 1,680 1,990 2,210 2,790 3,065 3,690 4,390 4,940 5,940 
(Cal i fornia ,  Hawaii, 
Alaska,  Oregon, 

REGION XI -- 200 200 300 600 800 1,300 1,350 2,350 
(Arizona, Calorado , 
Idaho, Montana, 
Nevada, New Mexico, 
Utah, Wyoming) 

25 325 425 525 1,025 -- -- - REGION 111 -- 5 
(Louisiana, Texas) - - - - - - - - - 

U.S. Total*** 1,680 2,190 2,410. 3,090 3,690 4,815 6,115 6,815 9,315 

*The postulated generating capac i t i e s  are based on current  knowledge of t h e  geothermal resources i n  t h e  
Regions. 
of t h e  Federal  government t o  develop these sites. 

Figures are intended for  planning purposes only and do not imply any commitment on t h e  p a r t  

**Pilot  p l a n t s  and test facil i t ies have not been included i n  these  totals. 

***Region IV, t h e  Eastern S ta t e s ,  has not  been included i n  t h i s  t a b l e  because t h e  Region's geothermal 
resources  are postulated t o  undergo only d i r e c t  thermal u t i l i z a t i o n .  
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Table 6 

GEOTHERMAL ELECTRIC SCENARIOS POSTULATED BY THE IGCC 
FOR PLANNING PURPOSES* -- REGION I 

Generating Capacity I n s t a l l e d  Each Year (We) 

Pre- 
1983 - 5.983 - 1984 - 1985 - 1986 - 

1990- 
1990 2020 - - 

-- 50 200 -- 50 Alvord, OR -- -- -- -- -- 
Baker Hot Springs,  WA -- -- -- -- -- -- -- -- 50 -- 
Brawley, CA** -- SO -- 50 100 100 100 200 ‘500 
C O S ~  Hot Springs,  CA -- -- -- 50 50 50 150 150 150 -- 
East Mesa, CA**. -- -- -- 50 -- 
Geysers ,  CA (steam) 1,680 160 220 110 

Heber, CA -- SO -- 50 -- 100 100 -- 
Lassen, CA -- -- -- -- 
Mono-Long Val ley,  CA -- -- -- 50 -- 100 -- -- 100 -- 
Mount Hood, OR -_ -- 50 850 Puna, H I  
Sa l ton  Sea, CA -- 50 -- 100 75 75 100 100 100 1,400 
Surpr i se  Val ley,  CA -+ -- -- -- 50 -- 50 100 100 1,700 

-- 50 -- 50 7 00 Vale Hot Springs,  OR 

-- -- -- -- 50 
Geyse r s ,  CA (hot  water) -- -- -- 100 100 100 100 100 100 400 

Glass M t . ,  CA 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- 50 -- 

-- -- 50 -- -- 50 

-- -- -- -- -- -- -- -- 50 -- 

-- 700 

-- -- -- -- -- 20 

-- -- -- -- -- - -------- 
1,680 1,990 2,210 2,790 3,065 3,690 4,390 4,940 5,940 12,390 Tota l  I n s t a l l e d  Power On Line 

)+The s e l e c t i o n  of sites and the  postulated generat ing c a p a c i t i e s  are based on cu r ren t  knowledge of t h e  geotner,:.al 
resources  i n  the  region. 
on t h e  p a r t  of t he  Federal  government t O  development a t  t hese  sites. Generating capaci ty  es t imates  i n  Table  1 
( p .  14) f o r  t h e  years  a f t e r  1985 assume development of add i t iona l  s i t e s .  

The scena r io  is intended f o r  planning purposes only and does not imply  any comi tment  

**The ZGCC pos tu l a t e s  t h a t  a 10 MWe p i l o t  p l an t  w i l l  be completed a t  East  Mesa i n  1978 and a t  Brawley i n  1979. 

t. 

Tota l  

300 
50 

1,000 
600 
100 

1,000 
2,170 

50 
1,000 , 

100 5 

- 

250 I 
50 

920 
2,000 
2,000 , 

800 

12,390 



Table 8 

GEOTHERMAL ELECTRIC SCENARIOS POSTULATED BY THE IGCC 
FOR PLANNING PURPOSES* -- REGION I1 

Generating Capacity I n s t a l l e d  Each Year ( m e )  

Pre- 
1983 1983 1984 1985 1986 1987 1988 1989 l Y Y u  LULU 

Brady Hot Springs,  NV 
Beowawe, NV 
Bruneau-Grandview, I D  
Chandler, AZ 
Cove Fort-Sulphurdale, UT 
Leach, NV 
Raft  River I D  
Roosevelt Hot Springs,  UT 
Safford,  AZ 
Steamboat Springs,  MI 
Thermo, UT 
Valles Caldera,  NM 
Weiser-Crane Creek, I D  
West Yellowstone, ?4T 

1.00 
50 -- -- 
c -- 

50 
50 

50 
50 

100 
50 

-- 

-- 

7 00 
750 

3,000 
80 

1,300 
1,400 

7 00 
750 

50 

450 
1,150 

850 

-- 

200 200 300 600 800 1,300 1,350 2,350 13,530 0 Tota l  I n s t a l l e d  Power On Line 

*The s e l e c t i o n  of sites and the  postulated genera t ing  c a p a c i t i e s  are based or, cur ren t  knowledge of the geotilerma1 
resources  i n  the region.  The scenar io  i s  intended f o r  planning purposes only and does not  imply any commitment 
on t h e  p a r t  of t h e  Federal  government t o  development a t  these s i tes .  Generating capac i ty  estimates i n  Table 1 
(p. 14) f o r  t h e  yea r s  a f t e r  1985 assume development of a d d i t i o n a l  sites. 

To ta l  

1,000 
1,000 
3,150 

230 
1,500 
1,500 

800 
1,Y)oo 

100 
200 
500 

1,500 
1,000 

50 

13,530 

I 
Ul 
w 
I 
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* TABLE 10 
GEOTHERMAL ELECTRIC SCENARIOS POSTULATED BY THE IGCC 

FOR PLANNING PURPOSES* -- REGION III 

G e n e r a t i n g  C a p a c i t y  I n s t a l l e d  Each Year (MW ) e 

Pre-  1990- 
1983 1983 1984 1985 1986 1987 1988 1989 1 9 9 0  2020 T o t a l  ------ ----- 
-- 

.-"I -- 
C a l c a s i e u  P a r i s h ,  LA -- -- -- -I -- 50 -- 5 0  400 50 -- 
Corpus  C h r i s t i ,  TX -- -- -- -- -- 50 -- -- 5 0  1550 5 0  200 -- 50 -- 

50 400 50 -- Matagorda County,  TX 

Cumula t ive  T o t a l  

-- -- -- -- Cameron P a r i s h ,  LA -- e- 

Kenedy County,  TX -- -- -- -- -- 
-- -- -- -- -- -- --- ------- 

25 325 425 525 1025 5875 

* 
The s e l e c t i o n  o f  s i tes and t h e  p o s t u l a t e d  g e n e r a t i n g  c a p a c i t i e s  are based on c u r r e n t  
knowledge of t h e  geot l iermal  r e s o u r c e s  i n  t h e  r e g i o n .  
p l a n n i n g  p u r p o s e s  o n l y  and d o e s  n o t  imply  a n y  commitment o n  t h e  p a r t  of t h e  F e d e r a l  
government  t o  development  a t  t h e s e  sites. 
(page 14)  for  t h e  years '  a f te r  1985 assume development of a d d i t i o n a l  sites. 

The s c e n a r i o  is i n t e n d e d  f o r  

The g e n e r a t i n g  c a p a c i t y  estimates i n  T c b l e  1 

3 50 
2225 
350 
500 

1650 
300 
500 





In order t o  derive the forecasting coefficient each number under the 

category entitled "Summed Total of Individuals from Surveyed Firms and 

Project Independence" was d iv ided  by 885 -- the total of a l l  individuals 

i n  a l l  occupations. Note tha t  885 i s  not to  be construed as to t a l  

employment i n  this segment of the industry (See the text for  more expla- 

nation on t h i s  point). 

employment (forecasting coefficient) i n  each occupation can be derived. 

I t  is merely a base from which the relative 
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AN ASSESSMENT OF EXPECTED TECHNOLOGY 

DEVELOPMENTS I N  THE GEOTHERMAL INDUSTRY 



V 

Introduction 

The necessity for  a technology assessment of the geothermal industry 

is founded on two basic factors. The first concerns the heterogeneous nature 
J of the energy resource on which the industry is based. For example, the 

technology necessary to develop and u t i l i ze  hot water, h o t  rock, o r  geo- 

pressured geothermal energy is significantly different from the technology 

for dry steam, Economic development o f  gdthermal resources other than dry 

steam will require technological modifications o r  the introduction of new 

technology, assuming a favorable relationship w i t h  the prices of a1 ternative 

energy resources. 

J 

W 

The second factor creating the necessity for  a technology assessment 

is that  i t  w i l l  he lp  i n  understanding t h e  technical obstacles which must be 
3 

3 

i&' 

93 

W 

overcome i n  order for  industry growth to  proceed a t  i ts  anticipated rate. 

Technological changes that support and enhance 'this growth will i n  some degree 

a l t e r  the quantity and quality of manpower demanded by the industry vis-a-vis 

productivity change. In making manpower projections i t  is  prudent to take 

into account the impact o f  technology, a t  least i n  a qual i t a t i v e  sense. 

A by-product emerging i n  t h i s  part of the study that  is related t o  

current manpower assessment is the perception of whether o r  not scientific,  

engineering, and technical personnel exis t  i n  adequate quantity and quality 

t o  carry technology forward a t  i t s  anticipated pace. T h i s  i s  not  an area of 

investigation to be taken l igh t ly .  For example, one study has pointed o u t  

that  insufficient funds o r  manpower is a t  l eas t  a "marginally significant" 

factor when considered as a barrier t o  technological innovation -- ranking 
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1 above insu f f i c i en t  funds for new f a c i l i t i e s  and unavai lahi l  i t y  o f  capi ta l .  

The importance o f  research and development manpower receives even greater 

emphasis from a d i f f e r e n t  report.  

- It may be concluded tha t  competent people are the major 
resource f o r  innovation. A primary respons ib i l i t y  o f  manage- 
ment i s  then the selection, development, retent ion,  and 
e f fec t i ve  u t i 1  i t a t i o n  o f  technical personnel, including the 

. f a c i l i t a t i o n  o f  personal contacts both ins ide and outside the 
organizat ion .2 

General Method o f  Apprdach 

The f i r s t  step was t o  conduct a l i t e r a t u r e  search i n  order t o  determine 

the extent t o  which the subject of technology assessment i n  the geothermal 

industry has been treated. Even though geothermal may be characterized 

as a r e l a t i v e l y  new o r  " infantt '  industry, there have been i n  recent years 

a number o f  publ icat ions dealing exclusfvely o r  i n  p a r t  w i th  geothermal 

t e ~ h n o l o g y . ~  I n  addi t ion the subject i s  continuously explored i n  numerous 
4 journals. 

.I 

Barr iers  t o  Innovation i n  Industry: Opportunities f o r  Public Pol icy  Changes, 
Prepared f o r  the National Science Foundation by Arthur D. t i t t l e ,  Inc. and 

I 

I ndus t r i a l  Research Ins t i tu tes ,  Inc., September 1973, p. 19. Note t h a t  
t h i s  example was not  a unique charac ter is t i c  o f  any spec i f i c  indust ry  but  was 
a widely perceived phenomenon. 

'Successful I ndus t r i a l  Innovations: A Study o f  Factors Underlyino Innovation 
i n  Selected Firms,. National Science Foundation, 1970, p. 62. 

3For example, see, Second U.N. Symposium on the Development and Use o f  

' Foundation by the Futures Group (Apr i l  15, 1975); Geothermal: 

Geothermal Resources, 3 Vol s., San Francisco, 1975; A Technolow Assessment 
of Geothermal Enerqy Resource Development, Prepared f o r  khe National Science 

the A r t :  Papers Presented a t  the Geothermal Resources Council Annual Meeting, 
9-11 May 1977, San Diego, Cal i fornia;  and Paul N. Cheremisinoff and Angelo 
c. Morresi , Geothermal Energy Technology Assessment (Westport, Cam. : 
Technomic Publishing Co., Inc., 1976). 

State o f  

4 F ~ r  example, Machine Design, Geothermal Energy Magazine, Cherirical Engineering 
Prowess, and Society o f  Patroleum Engineers Journal. 



The literature search served dual purposes. First, it helped 

identify the particular technology developments necessary for  projected 

Industry growth, and second, i t  established the footing on which the Delphi 

method (explained below) was based. 

s 

A v a l i d  question tha t  arises is directed a t  determining why s t i l l  another 

effort should be made a t  assessing geothermal technology. The answer is i n  

two parts. First, the bther studies were basically geared toward assessing 

the impact of novel technology on industry growth and were not directly 

concerned w i t h  the ultimate results i n  terms of employment o r  occupational 

structure. Second, the val i d i t y  and t iming of many research forecasts changed 

drastically w i t h  the passage of time, influence of government policy, and the 

generally downward revisions of how significant a contribution geothermal 

energy can make on the national and local levels. 
By comparison the technology assessment study undertaken by the Human 

Resources Institute 1s modest i n  scope and uses a more limfted horizon (1985). 

Though the i n p u t  f o r  making manpower projections provided by this par t  of 

the study is s t i l l  of a qualitative nature, i t  i s  hoped t h a t  this 

comparatively narrow approach i s  both more realistic and more precise i n  

i ts  results. Finally, more confidence i s  lent because the relatively 

near time horizon precludes much pure speculation about as yet undefined 

and futuristic technological products components, or  processes. However, 

given the Department of Energy-Division of Geothermal Energy (D.O.E.1 D.G.E.) 

scenario for geothermal development, there i s  a continuing need t o  evaluate 

the probabili ty t h a t  the necessary technology developments will take place 

which are critical t o  the attainment of forecasted industry growth on which 

manpower projections are dependent. One method of doing this i s  t o  pol l  the 

industry’s technical experts and sol ic i t  their judgments relating to specific 
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technological events. 

this purpose was the Delphi method. 

The specific approach used i n  this study to  accomplish 

Del phi  Method 

There are a number of variants of the Delphi technique which i n  some 

cases are tailored for the specific research purpose. However, i t  is essential 
t o  adhere t o  certain methodological basics. What follows is  first, a general 

presentation of the method and second, an explanation of how the technique 

was applied t o  technology assessment i n  the geothermal industry. 

Definition and Methoddlogy o f ’  the Del ph i  Technique 

The following two excerpts are general statements of what the Delphi 

technique is and the procedure for i t s  ut i1  ization. 

DELPHI t r ies  to  predict what  will be. DELPHI c o m e  
described as an elegant me thomr  developing a consensus. 
I t  is a p o l l i n g  technique employed for the systematic 
solicitation of expert opinion. 
investigation because i t  i s  directed toward the prediction 

by many factors beyond the control of the company or agency 
making the forecast. Its methodology includes the po l l ing  
of experts representing the control 1 ing  factors and from the 
ensuing data  develops a consensus which can be used i n  planning.  
I t s  advantage consists i n  the systematic treatment of data t h a t  
includes the experts’ intuitive assessment of relative 

The-usual forecast attempts t o  predict what could be -- 

DELPHI bears deeper 

5 of the future as i t  will develop i n  a s i t ua t ion  influenced 

imponderables.1 \ 

’Marvin 3. Cetron, Technological Forecasting, (New York: Technological 
Forecasting Institute, 1969), p. 145. 
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Delphi i s  a method of systematic interrogation of experts; 
the interrogation i s  conducted anonymously by formal question- 
naires and for individual members of the group of experts; 
a central authori ty  evaluates the answers and makes the answers 
available to  those interrogated .in a new round of questions; 
after several such rounds, theresult generally is t h a t  h igh ly  
deviating opinions increaslngly adapt themselves t o  one 
another; the questions are concerned either w i t h  an estimate 
of a certain year of w i t h  an estl’mate o f  a probability value 
for the occurence of an event a t  a certain date; i n  the 
evaluation of .the questions, the medians concerned and the 
average quartlles o f  the ind iv idua l  answers are calculated. 

A thorough explanation of the advantages and disadvantages o f  the Delphi 

method are extensively enumerated el sewhere and therefore do not warrant 

w consumption of space i n  t h i s  text.2 Instead, the problems of using the approach 

as directly related t o  this specific study will be pointed o u t  i n  the next 

section. The usefulness of the technique has already been stated as being 

derived from i t s  relatively simp1 e approach t o  the problems o f  technology 

development. 

3 

V - Application of the Delphi Technique t o  the Geothermal Industry 

The use o f  the Delphi technique in this study i s  intended: 

(1) t o  enable some perception o f  
rlr, 

K. Gewald, . “The Del p h i  W h o d  as an Instrument of TechnolagScal Forecasting -- 
Practical Experience,“ i n  Technoloqical Forecasting i n  Practice, eds. 
Hans Blohm and Karl Steinbuch, trans. Frederick and Christine Crowley * 

Y (Lexington, Mass.: Lexington Books, 1972), p. 14. 

Y 

2See Gewald, pp. 14-16, Xetron, pp. 158-159, and Larry Evans, Production 
Technology Advancements: A Forecast t o  1988, (Ann Arbor, Michigan: 
Industrial Development Division, Institute o f  Science and Technology, 
University o f  Michigan, ’19731, pp. 37-42, and Robert U. Ayres, Technolo ical 
Forecasting and Long-Range Planning, (New York: McGraw-Hill Book ___p7 Co., 1969 
pp. 148-150. 
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potential for existing or expected technology to become commercially 
breakthroughs which are likely to occur by 1985 and the 

feasible by that date; and (2) to use this information as input in fore- 

casting manpower requirements. Because of the heavy time and resources 

involvement requlred In a Delpht study only two formal rounds o f  

questioning were concluded. The results appear to indicate that this was 

sufficient for the above mentioned purposes. 

In a sense the earlier explanation of the general approach of the 

Delphi method might be considered idealistic b because in order to gain 

maximum use from the technique one must mdify it to the particular 

invest i ga tion being conducted. 

must be kept as pure as possible -- e.g., the selection of experts and 

anonymity. 

However, cer tai n methodological procedures 

The basic method of selecting experts to be surveyed was to identify 

individuals who had published works concerning the technology of the 

industry. The polling of these experts then depended on obtaining their 

addresses through such sources as the Geothermal Resources Council or 

Geothermal Morld Directory. 

The above procedure was subject to two qualifications. First, in order 

to avoid making unreasonable requests, an effort was made to eliminate the 

possibility of including the same persons in the Delphi study who were 

on the mailing list for Phase I. Some exceptions were unavoidable since in 

many cases the Phase I survey was only addressed to a firm, and the 

individual respondent was not identified until the questionnaire was 

returned. Also, a few experts were knowingly polled in both studies because 

o f  their recognition as key figures in the industry. This factor does not 

appear to have produced negative responses. 



V 

The second qua l i f i ca t i on  i s  t h a t  care was taken t o  ensure t h a t  v 

experts selected were representative o f  the d i f fe ren t  segments o f  the 

industry. The c r i t e r i o n  used was the attempt t o  general ly balance the 

V numbers included i n  the categories o f  resource explorat ion and appraisal, 

reservo i r  development, and energy conversion. The environmental aspects 

o f  the indust ry  appear t o  have commanded r e l a t i v e l y  less a t ten t ion  i n  the 

Y 1 i tera  ture; therefore, a small e r  number o f  experts were i d e n t i  f led  and 

surveyed I n  t h i s  category. 
1 

The t o t a l  number o f  experts surveyed i n  the f i r s t  round was 103. 
2 

Y The second-round mail survey was determined from the fo l lowing tabulations. 

103 t o t a l  i n  f i r s t - round survey 
- -57 nonrespondents and unuseabl e responses 

46 useabl e responses 13 
- - 8 decl i n ing  fu r ther  pa r t i c i pa t i on  

38 potent ia l  second-round par t i c ipants  

- - 8 fu r ther  pa r t i c i pa t i on  only by telephone o r  personal interview 
Y 30 t o t a l  second round mail survey 

- - 8 nonrespondents t o  second-round survey 
22 responses t o  second-round survey 

0 

Y 

'As a f i r s t  impression one might consider t h i s  number o r  the 30 included 
i n  the second'round mail survey t o  be inadequate for  a v a l i d  sampling o f  
d i f f e r e n t  opinions. However, these numbers appear t o  be qu i te  consistent 
by comparison w i th  other Delphi studies, especial ly considering our more 
modest objectives. 
Drug-Abuse Pol icy  Delphi: Progess Report and Findings t o  Date," and 
Selwyn Enter, "Plast ics and Competing Materials by 1985: A Delphi Fore- 
casing Study," i n  The Del ph i  Method: Techniques and Applications, eds. 
Harold A. Linstone and tturray Turoff,  (Reading, Mass.: Add ison-Wesley 
Publishing Company, 1975). 

For example, see Irene Anne Gil lson, "The National 

Y 2Full documentation o f  correspondence and the questionnaires used can be 
found i n  the appendix. 
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W After concluding the first-round survey, the next step was t o  

edit the responses i n  order t o  develop a concise set  of controlling 

technological factors t o  be evaluated by participants i n  the second 

round. Thts was a p o i n t  of considerable difficulty i n  this study because 

of the technical language used by some respondents and the %on-expert" 

status of the control 1 ing  authority. 

v 

Fortunately, there i s  considerable 

literature available of an explanatory and/or definitional nature tha t  

greatly reduces this problem. 

most of the published materials consulted for this purpose. Also, 

communications w i t h  several individuals active i n  the industry he1 ped 

The bib1 iography i n  the appendix represents 

3 

clarify many terms. However, some ambiguities d i d  remain i n  the l is t  o f  

controlling factors, and these will be pointed o u t  i n  the presentation 

of the statist ical  results. I t  should also be noted t h a t  the l i s t  of 

controlling factors used i n  the second round is by no means all-inclusive. 

3 

Our effort was directed only a t  the factors given by the participants and 

Y no additional factors were added t o  the l i s t .  

A less serious problem was created by asking the respondents t o  

indicate their area of expertise. There were a large number o f  multiple 

responses, b u t  there were also a signficant number of responses to  "other". 

However, these d i d  tend to  f i t  logically in to  one of the four  major areas, 

thus indicating t h a t  some major category o f  experts had not been omitted 

from the survey. The classification of f i r s t  and second- round respondents 

by areas of expertise is given on pages 10 and 11. 

u3 

Y 

Statistical Results w 

Pages 1 2  - 14 give the distribution o f  the responses of the 22 



W respondents t o  the second-round of the survey. The distribution i s  given 

by percentage of responses i n  each category. Horizontal summations may not 

equal 100 percent because of nonresponse to particular factors. However, 

this result may be considered as a technical error i n  the survey design 

since nonresponse and "no judgment" may be subsumed- under one category. 

The relatively 1 arge percentages expressed i n  the "NO Judgement" 

v 

Y catesory primarily result from the selection of experts i n  different fields 

of special ization. 

responded t o  the areas w i t h i n  their individually designated special izat ion(s)  

and responded less t o  other areas of expertise. 

There is general consistency i n  t h a t  experts predominantly 

3 

A few resondents pointed o u t  the ambiguous nature of three of the 

factors listed i n  the survey. Two were "plugging reinjection wells" 

and "carbon steels!'. 

and t h u s  should have been phrased w i t h i n  this context i n  order t o  determine 

if there will be a significant contribution toward the solution of the 

problem. 

ment o f  new alloys t h a t  I s  cr i t ical  and that carbon steels a r e  currently 

available. The t h i r d  factor t h a t  appeared ambiguous t o  respondents was 

the capability of drilling "wells deeper than 12-15,000 feet." Since 

some considered this capabi l i ty  t o  atready exist, the question arose if 

there could continue t o  be a significant contribution. 

U In the case of the former the factor - i s  the problem 

. 
w For the la t te r  factor the criticism was tha t  i t  is the develop- 

. 

us 

Y 
A few particfpants observed t h a t  there was a lack o f  specific references 

t o  direct use technology. 

mentioned above, the rest  of the feedback was t h a t  the l i s t  of controlling 

factors was comprehensive. 

However, given this shortcoming and those 

W 
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CLASSIFICATION OF FIRST ROUND RESPONDENTS 
BY ,AREAS OF EXPERTISE 

Identification 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

Y 44 
45 
46 

TOTAL 

w 

Resource 
Exploration Reservoir Energy 

Other And Apprai sal Development Conversion Environmental - 

X 

X X 
X X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
x .  

X 

X 

X 

X 

X 

X 

X 

X 
X 
X 
X 

, X 

X 

X 
X 

X 
X 

10 20 17 
- - - - 

1 1  
- 
7 
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CLASSIFICATION OF SECOND ROUND RESPONDENTS 
BY AREAS OF EXPERTISE 

W 
Resource 

Identi'fication Exploration Reservoir Energy 
Number And Appraisal Development Conversion Environmental 

3 
1 
2 
3 
4 
5 
.6 
7 

X 
X 

X X' 

X 

X X 

- - 
8 3 

Other 

X 

X 

X 

- 
3 



4 G~OTERWL MNPOWER PROJECT/ENMAN RESOURCES INSTXTUTE/UNIVERSITY OF UTAE 

Would youl ike a copy of the f i n a l  r e su l t s  of t h i s  stLidy? 
, Delphi Survey of Technology Developmeats i n  t h e  Geothernral Industry/Second Round W 

Yes - No - 

W 

1.Resautce Exploration/Appraisd , 
Y Remote sensing 

S a t e l l i t e  image 
High a l t i t u d e  &e 

Surface surpeys 

3 

v 

Integrated thermionic c i r cu i t s  (up t 
600 C) 

Computer modelin 
'(3 ' Physical modelin 

XI, Dri l l ing  Techno 

Multiple legs  f o r  bottom hol 
Directional d r i l l i n g  capabil 

S p e c i f i c  developments 
Improved d r i l l i n g  motor 
Improved d r i l l  b i t  
Downhole replacabl 

Improved methods o 

Drilling of l a rge  diaaeter  wells for ho 

Use of foams for d r i l l i n g  f l u i d s  

w 

3 

water systems 

0 111. Reservoir Development 
Prediction 

Prediction of where sca l ing  w i l l  occu 
i n  the reserwoirlenergy conversion 
system 

Prediction of subsidenc 

Improvement or re inject ion technique 
Plugging reinject ion well 

Y Re in j ec t ion 

/ 

3 . 
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V 
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J 

3 

3 

V 

3 

Y 

(r3 
Use of mult iple  stage f lashing systems 
Direct %flash of high salin%ty geathermal 

Binary power cycles (with separated work- 
f l u i d s  

9.1 113.6 224 27.3 4.5 2 u  
18.2 18.213.8 22.7 0 18 2 

4.5 31.822 4 . 5  18 2 



V I .  Other (please identify) 

3 
I 

18.2 - 

1 I I 

9.1 

9.1 
13.6 
7 



w As i s '  obvious from the examination o f  the data by spec i f i c  con t ro l l i ng  

factors, i n  several cases the d i s t r i b u t i o n  o f  responses do no t  al low 

conclusive resul ts.  However, some general observations can be made. 

Before doing so we would l i k e  t o  p o i n t  ou t  t h a t  i n  retrospect much o f  the 

rea l  con t r ibu t ion  o f  t h i s  technology survey i s  t o  be found i n  reading 

the responses t o  the questions t o  round one, which are given i n  d e t a i l  

i n  the appendix. 

comments tha t  were i n v i t e d  and received i n  rounds one and two, and i n  the 

subsequent mai l ing of prel iminary resu l ts  t o  part ic ipants -- also edi ted 

and repr in ted i n  the appendix. The reader i s  urged t o  read these comments 

f o r  some enlightened ins igh t  i n t o  not on ly  technological bu t  also i n s t i t u t i o n a l  

problems o f  the geothermal industry. 

3 

J Perhaps even more in te res t ing  are the addi t ional  

3 

3 I n  round two the edi ted l i s t  of con t ro l l i ng  factors was sent t o  the 

30 par t i c ipants  who had agreed t o  fur ther questioning. O f  these 30, 

22 usable responses were received.' 

were given i n  the cover l e t t e r .  

The f O 1  lowing question and explanatiUn 
w 

Given your area o f  special izat ion,  w i th  what p robab i l i t y  do . 

you expect advancing technology t o  enable the factors  1 i s t e d  
t o  make a s i g n i f i c a n t  cont r ibut ion t o  the geothermal indust ry  

S ign i f i can t  cont r ibut ion cannot be prec ise ly  defined o r  
quant i f ied,  but  any technical development which (a) removes 
a serious technical impediment t o  the development o f  
geothermal energy resources, (b) contr ibutes subs tan t ia l l y  
t o  the so lut ion o f  unresolved problems i n  the production, 
development o r  p rac t ica l  use of geothermal energy, o r  (c) 
contr ibutes d i r e c t l y  and subs tan t ia l l y  t o  an .Increase i n  the 

3 by 19851 

3 

W 'One par t i c ipant  responded~ tha t  he d id  not wish tu  rep l y  t o  the' questions. 
Two others had moved and l e f t  no forwarding address. 
f i v e  f a i l e d  t o  respond t o  follow-up l e t t e r s  and received no addi t ional  
communications. 

The remaining 

w 
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V 
production and practical application of geothermal energy 
can be considered to be making a significant contribution. 

Referring to the results of pages 

Category I, Resource Exploration and Appraisal. 

here i s  that it i s  not expected that remote sensing technology -- satellite 
fmagery and high altitude aerial photography -- will make a significant 

12 - 14 we first examine 

The general tendency 13 

3 contribution in appraising the inventory of geothermal resources. It 

appears that relatively more confidence is placed in reservoir simulation 

modeling; however, it should be noted that a plurality o f  those 

addressing this factor still assl'gned a 0-25% probability of a significant 

contribution. 

subsurface techniques fell within the middle two quartiles. This appears 

to reinforce the view that these techniques will continue to dominate 

geothermal resource exploration and appraisal. The implication is that 

these techniques require intensive on-site use of men and equipment 

relative to remote sensing and reservoir simulation. 

rr 

In contrast, most of the replies to the surface and 

3 

I 

(3 

Category I f ,  Drilling Technology Advances, reveals that the factors 
1 under general advanced capabilities will not prove a serious 1 imitation. 

This in part may be a reflection of technological developments that are 

transferred from the oil and gas industries into the geothermal industry. 

However, the factors that were listed as specific needs (as given in the 

.r3 

U round-one questionnaire responses) for enhancing geothermal development 

'This interpretation is in part based on the high proportional response 
in the "Present sophistication does not require further technological 
development" category. Also, note the earlier restriction placed on 
the deep well factor -- see page g 

V 

w 



were viewed w i t h  more uncertainty. D r l l l i n g  technology i s  a c ruc ia l  area 3 

of geothermal development because o f  the adverse condit ions (high temperatures , 
corrosive f l u ids ,  h igh ly  abrasive rock formations, etc.) under which d r i l l i n g  

must take place. This problem i s  being approached by tntensive research 

and development e f fo r t s .  
w 

1 

Category 111, Reservoir Development, revealed a r e l a t i v e l y  high degree 

J of confldence In predfc t ing the occurence o f  sca l ing but considerably less 

confidence i n  the predic t ion o f  subsidence. This l a t t e r  r e s u l t  i s  

general ly. consistent w i th  the rep1 ies  t o  the environmental (Category V)  

f ac to r  o f  "subsidence abatement," Some respondents (and others no t  i n  t h i s  

study) expressed concern t h a t  the so lu t lon  t o  such environmental Problem 

may pose considerable obstacles i n  the future. 

3 

3 Also i n  reservo i r  development i t  appears t h a t  improvements i n  downhole 

pumps are a d l s t i n c t  poss ib i l i t y .  

sa l ine br ine" was not  viewed favorably. This may prove t o  be a serious 

I n  contrast, " s i l i c a  rernbval from hyper- 

3 1 im i ta t i on  f o r  development s i tes '  t h a t  are based on hot water. It i s  in te res t ing  

t o  note tha t  under t h e  more f u t u r i s t i c  types o f  reservo i r  systems -- hot  dry 

rock, geopressured, and volcanic -0 only  geopressured received a r e l a t i v e l y  
I 

3 favorable response. As a f ina l  observation on reservo i r  development, note 

tha t  t h i s  category was l e a s t  l i k e l y  t o  have factors  t h a t  were viewed as not  

requ i r ing  fu r the r  devel opmen 

Y Under Category I V ,  Energy Conversion, the subcategories o f  mater ia ls 

and spec i f i c  technology y i e l d  mixed resu l t s  w i th  no apparent s i g n i f i c a n t  

trend. Two marked observations are the large proport ional responses 

- W 

' A t  the time of t h i s  study Sandia Laboratories (Albuquerque, N.M.) was 
heavi ly engaged i n  these e f fo r ts .  

3 
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i n  the 0 4 5 %  l i ke l i hood  o f  contr ibut ions from " large rad ia l  in f low 

turbines" (27.3%) and "turbines f o r  less than 150" C use" (31.8%). Under 

systems technology i t  seems tha t  the leadfng contender i s  the mu l t i p le  

stage f lash ing  system. However, with the exception o f  the "d i rec t  f lash  

o f  high s a l i n i t y  geothermal f l u i d s "  a l l  the other energy conversion systems 

received the la rges t  proport ion of responses i n  the middl e two quar t i les .  

Category V, Environmental, again y ie lds  mixed resu l ts  w i th  the la rges t  

proport ion o f  responses being grouped i n  the middle 50%. To emphasize 

an e a r l i e r  statement, many experts hold the view tha t  environmental 

3 - 

3 

3 

I fac tors  w i l l  p lay a la rger  r o l e  as the industry develops, especial ly W 

wi th  t i g h t e r  regulatory controls. 

r3 A Q u a l i f i c a t i o n  o f  the S t a t i s t i c a l  Results 

A word of caution must be given concerning the compilation o f  the 

p robab i l i t y  assignments. I n  aggregating the resul ts,  each rep l y  was given 
us 

equal weight f o r  each o f  the con t ro l l i ng  factors, regardless o f  the area o f  

expert ise o f  the par t ic ipant .  For example, an expert i n  resource explorat ion 

and assessment was given equal weight i n  h i s  response t o  an energy conversion 

fac to r  as was given t o  an expert i n  energy conversion. This undoubtedly 

biases the resu l t s  somewhat. However, attempts t o  detect the degree of b ias 

by comparing the  ''nonexpert" ( re la t i ng  t o  a given category) group response 

w i t h  the experts' response by category were not meaningful. Comparisons 

0 

W 

both by absolute numbers o f  responses and the  percentage o f  responses f o r  

each group d i d  y i e l d  a general consistency i n  the  probab i l i t y  assignment u 
categories (e.g., 0-25%, 26-50%, etc.). 

the second round (22) ,  subdividing the respondents i n t o  several groups f o r  

But given the small sample s ize f o r  

w 



comparison was not a useful analysis. 
J 

Comparison o f  Del  phi Results w i th  Other 
Geothermal Technology L i te ra tu re  

w 

A considerable body o f  l i t e r a t u r e  re la ted t o  geothermal energy 

technology development has been published since 1970. There i s  l i t t l e  

dissent from the view t h a t  i f  the industry i s  t o  continue t o  grow, read i l y  

avai lab le and economically feasible technology must be forthcoming i n  a 

large number o f  areas. 

i n  many forms, and industry growth w i l l  depend on using the more marginal 

resource types. This view i s  perhaps more succinct ly stated i n  a 1975 

J 

This i s  especial ly t rue  since the resource ex is ts  

3 

repor t  

Techno cl., 

3 

by the Je t  Propulsion Laboratory -0 Cal i fo rn ia  I n s t i t u t e  o f  

ogy. , 

Technology present ly ex is ts  or i s  being developed which w i l l  
a l low the economic exp lo i ta t ton  o f  vapor- and high-grade 
l i q u i d  dominated hydrothermal reservoirs. 
estimated t o  be only  a f rac t i on  of the t o t a l  geothermal energy 
avai lable. To bU6- the  glLcrLil.th M e  06 geofietond u,fieiz&an 
Ahtroughout ;the fiemaindm afi the cevlltu/ry, fie techylohgy 
datr econonzic e x p l o w a n  ad afim .tpa ad geodhrvond 
/ r c u o m e b  (hot  &y hock, geopuauhed a a Z m ,  nom& 

However, these are 

g/radi&, and magma) mu& be d e v h p e d .  Y 
[ I t a1  i c s  added] r3 

Studies of geothermal technology have been both h igh l y  spec i f i c  

us (e.g., per ta in ing t o  a s ing le technical fac to r )  and general (e.g., 
. -  

Je t  Propulsion Laboratory, Cat i f o rn ia  I n s t i t u t e  o f  Technology, Program 
fo r  the Develoment o f  Geothermal Enerqy -- Volume I:' 

ound and Proqram Def in i t ion Summary (Pasadena, Cal i forn ia :  1975), 

1 

w 'p. 19. 



r, 

surveying experts for opinions on a wide variety of issues), The 

results from this study will now be compared w i t h  opinions and conclusions 

from other publications, One of the more thorough investigations was 

conducted by the Bechtel Corporation and presented i n  a study prepared 

for the National Science Foundation i n  1975,’ 

allows an easy and interesting comparison w i t h  our study, contrasts on 

J 

. 

(3 

Because the Bechtel format 

3 several commonly surveyed factors will be presented. Additional information 

from other studies will a l so  be presented w i t h i n  this context. 

3 Resource Exploration and Appraisal 

Our results reinforce the’ Bechtel results concerning the 

feasibility o f  improvements i n  remote sensing. 

contains very l i t t l e  commentary on aerial surveys (except to imply t h a t  

this method is considerably more refined than  satel l i te  imagery), i t  does 

state “The present thermal infrared scanning instruments appear to  be i n -  

effective for the purpose of conducting gross geothermal exploration. 

The.Bechte1 s tudy  f u r t h e r  concludes tha t  even under a crash program, remote 

thermal infrared sensing capabilities could only be expected to  increase 

10-50 percent by the year 2000. 

Though the former study 
W 

3 II 2 

0 

1 

others subsequently declined or fa i  
anation of the interview procedure: The technology analysis 
chtel study and referred t o  i n  this study can be found on pages 

251-269 i n  the above reference. lu 

‘Ibid., p. 252, 



W 

w 

V 

3 

w 

Y 

Y 

0 

Y 

OD 

- 
W 

In add i t ion ,  the literature reveals t h a t  there does not appear t o  

These findings be a sijnificant interest i n  remote sensing techniques.' 

lead t o  the conclusion t h a t  there will not be significant contributions 

from this method of resource exploration and appraisal. 

We will leave the treatment of surface and subsurface techniques fo r  

later and will now take up the category of reservoir simulation. The 

different types o f  modeling procedures, as was the case w i t h  remote sensing, 

have also not been rigorously investigated on a wide scale by technological 

experts, a l though  our results were not as clear-cut as i n  the case of remote 
\ 

sensing. 
The Bechtel study states t h a t  there is  a "lack o f  coherent, 

verified, dynamic reservoir models [and] t o  date there are no simulation 

models available which allow accurate prediction of dynamic reservoir 

behavior." 

development and t h a t  i t  should become more feasible as more d r i l l i n g  and 

other exploration data  become available. However, as Bechtel pointed o u t  and 

2 The study goes on t o  say t h a t  this i s  n o t  a c r i t i c a l  p a t h  of 

as our research continued t o  verify, there may be serious problems i n  

collecting the necessary data  i n  a centralized source for public use 

1' This is not  only true of journal articles. 
only passing reference or no reference t o  remote sensing techniques as 
an area t o  be singled o u t  for further development: U.S. Department of 
Commerce, National Technical Information Service, An Assessment of New 

The following documents give 

- 
Options i n  Research and Development, November 1973; Federal Energy 
Admini s trati  on. National Science Foundation Project Independence : 
Geothermal Energy, November 1974; Ranvir K. -Trehan, e t ,  

Geothermal Energy, Research, Development and Demonstration Program, 
A April 1918. 
'The Futures Group, 'A Technoloqy Assessment of Geothermal Energy Resource 
Development, p. 121. 



1 
W because of its proprietary nature. 

Unl i ke the remote sensing category one can f i n d  considerable interest 

i n  reservoir modeling.* Perhaps the main reason for continued efforts i n  

this area is given i n  the following quotation. V 

w 

v 

v \ 

One of the most significant limits on geothermal growth rate 
is the risk of pre-mature reservoir failure. Although the 
investment indemnity program can shift  the risk from industry 
to  the government, the only way this risk can really be reduced 
is by developing reliable reservoir modeling techniques . . . 
Re1 iable reservoir analysis techniques directly affect the 
development of $eothermal fields. They are i n  par t  responsible 
for the faster development time for The Geysers, 20 years, as 
compared t o  the 75-year development time a t  Larderello, Italy.  
Without government programs, 50 MW will probably be a typical 
incremental addition t o  any geothehal field and may result i n  
slow growth rates for geothermal exploitation. With re1 iable 
model ing techniques, growth increments might be increased t o  
lOOMW or  more and the decision time t o  cgmmit t o  new develop- 
ment 8ould be decreased by more than  59%. 

Despite cont inuing  efforts a t  geothermal reservoir model ing  there 

do not  appear t o  have been major breakthroughs, a t  least on the level of 

significance that would pu t  this method of geothermal resource assessment 

on par w i t h  that of the o i l  and gas industries. O u r  statistical results 

s u p p o r t  the view t h a t  significant progress is  not likely before 1985. 

Y 

The U.S.G.S. has developed the Geotherm data f i l e  which contains data 
on the physical characteristics , geology, geochemistry, and hydrology 
o f  geothermal resources. 

(3 

2 For examoles. see DaDers rewinted i n  the Geothermal Resource Council Is For examples, see papers reprinted i n  the Geothermal Resource Council Is 
Geothermal: State of the Art (May 1977) and Geothermal Energy: A Novelty 
Becomes a Resource (July 1978). Other discussions can be found i n  A r t h u r  
L. A u s t i n ,  et.al., Lawrence Livermore Laboratory, The LLL Geothermal Enerqx 
Program Sta tus  Report January 19764anuary 1977, pp. 131 -148; Energy Research 
and Development Administration, Research, Development 
and Demonstratfon Program (April ; and Los Alamos Scientific 
Laboratory, Hot Dry Rock Geothermal Energy Development Project (1977) pp. 38-39 

w 'Jet -Pvlocwl,lsion Laboratory, Cal ifornia .Institute of  Technology, Program 

3 
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In the surface surveys category a plural i t y  of our respondents who 

yielded a probability assignment were i n  the 51075% category. There appears 

to  be some promise of limited contribution i n  this area. For example, the 

Bechtel study revealed, "There is no clear and general understanding of the 

degree t o  which data produced by the various methods [i.e., magnetotelluric, 

resistivity, etc.] correlate w i t h  each other and w i t h  geologic structure 

a t  depth."' 

exploration technology from the mineral, o i l ,  and gas industries which was 
2 not wholly adaptable to  the unique problems of geothermal exploration. 

A1 though most o f  the 1 iterature seems t o  be concerned w i t h  results from 

surface surveys t h a t  are unique to  a specific s i te ,  there does appear t o  

be a trend i n  trying t o  solve the problems pointed o u t  i n  the above 

quo ta t  ion. 

T h i s  problem was i n  part  a reflection of the transfer of 

3 

For convenience we can combine remote sensing, reservoir simulation, 

and surface surveys into a 'general category of indirect resource exploration 

and assessment methods. In contrast to these indirect techniques subsurface 

surveys (direct techniques of evaluation) still  generate the b u l k  o f  reliable 

information concerning the geothermal resource. Several reports support this 

posit ion,  one o f  which stated i t  as follows, 

'The Futures Group, p. 121. 

'See Energy Research and Development Administration, Geothermal Energy 
Research, Development and Demonstration Program, pp. 16-1 7. 

3F~r  examples, see Richard C. West and James I. Pritchard, "Combined 
Electromagnetic and Gal ianic Electrical Resistivity Soundings," i n  
Geothermal Reso es Council , Geothermal Energy: A Novelty Becomes 
A Resource, pp. 
Resistivity Surveys,'' same pub1 ication, pp. 287-290. 

3-716, and Gerald W. Hohmann, "Topographic Effect i n  



Exploration . . . can be done by either indirect or direct 
methods. Indirect methods . . . can yield information on 
depths to  bedrock, types of  formations, boundaries of 
formations, and locations of water-bearing formations. They 
are relatively inexpensive and are definite aids i n  selecting 
s i tes  for test holes. B u t  by themselves, indirect methods 
rarely give enough information t o  enable a developer t o  p i n -  
p o i n t  and evaluate geothermal resources w i t h i n  the reservoir. 
For this information, he must go to  the more coftly direct 
methods -- drilling tes t  holes and p i l o t  wells. 

The implication is that verification of the resource will of necessity 

s t i l l  continue t o  be mostly the burden of on-site dril l  ing  efforts. 

Furthermore, this will naturally require a mre intensive use of men and 

equSpment a t  the s i te  t h a n  would be required w i t h  the indirect alternatives. 

The core of technological impediments f n  subsurface techniques is 

I n  well To,gging capabilities. For several years efforts have been 

directed a t  improving prospects i n  this area. In fact, improved logging 

capabilities are a part of the federally sponsored program a t  Sandia 

Laboratories t o  improve dril l  lng  capabilities i n  the industry as a whole. 

However, even if the technical solutions are found, and results do 

indicate t h a t  progress i s  being made, wme limitation may be encountered 

because of the market site.3 In other words, technology t h a t  i s  h ighly  

t o  the geothermal Industry and cannut be transferred t o  the o i l  

2 

.I 

Sta te  of Cal ifornia,  Department o f '  Water Resources, Water and Power from 
Geothermal 

I 

Resources i n  California, Bulletin No. 190, December 79/4 9 P. 19. 

'See Sandia Laboratories, GeoEnergy Technology (no date), pp. 6-7, and 
Lawrence W. Ball , "D2evelopments i n  Geothermal Logging Technology," i n  . 
Geothermal: State .of the Art, p. 11 

3U.S. Department of Energy, Divisio'n of Geothermal Energy, Pros ects for 
Improvement i n  Geothermal Well Technology and Their Expecte -hge7T- ene i t s  
(June 1978), pp. 86-87. 

- 
0 



v and gas industries, and t h u s  realize cost reduction advantages of a broad 

market, may remain too expensive to  be used widely i n  the geothermal 

industry. 

V 

Drill i n g  Technology 

Advances i n  this area are viewed as cri t ical  for reducing costs of 
V 

exploration and development. One study p o i n t s  ou t  t ha t  " d r i l l i n g  the wells 

requires about one-third of the total  investment of a geothermal power 

system incl uding the power p l a n t  i tsel f .  'I1 Another suggests t h a t  conventional 

drilling technology for geothermal resources is two t o  four times the 

expense of drilling t o  the same depth for o i l  and gas. 

0 

2 

The Department o f  Energy - Division of Geothermal Energy has ini t ia ted 

a program to  develop new drilling and completion techniques w i t h  the goal of 
W 

reducing well costs by 25% by 1982 and by 50% by 1986.3However, even i f  

these reductions are realized, i t  is unclear how much growth will be 

stimulated i n  the industry as a result. Therefore, i t  appears t h a t  two 

crucial fac'tors 1 i m i t i n g  imp1 ementation of new technology i n  the geothermal 

industry are the limited market w i t h i n  the industry and the related un- 

certainty of the degree of cross-fertil itation o f  new geothermal technology 

w i t h  the oil and gas industries. 

'Jet Propuls ion  Laboratory, Program Definition e . .) Volume 111, p. D-31. 

D.O.E., Prospects for Improvement i n  Geothermal Well Technology, p. 90. 2 

ys 

o 

w 

3S.G. Var 
niques 0 

H.M. Stoll er, "Geotheml Drilling and Completion Tech- 
n t , "  i n  Geothermal Energy: A Novelty Becomes a Resource, 

. 
Y 

pp. 675-678. 
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The wide distribution of responses to the technological factors listed 
I 

i n  our survey reflect a continuing attitude of uncertainty. 

d r i l l i n g  capabilities listed are current practice i n  the o i l  and gas 

industries. 

c o m n  t o  geothermal si tes require many improvements i n  d r i l l  i n g  equipment 

The general 

However, the h i g h  temperatures and abrasive rock formations 

V 

v 

and accompanying materials -- e.g., the factors 1 isted under specific 

V developments . 
Related t o  the program o f  d r i l l i n g  technology has been the uncertainty 

w 

of ample availability of d r i l l i n g  rigs. The Bechtel study cited a limited 

availabil i ty  of rigs for geothermal drill ing. We contacted twelve suppliers 

and users by telephone and .Informally interviewed them on the subject 

1 

(December 1978). They generally agreed t h a t  rigs have been i n  short 
Y supply, i n  particular i n  the Rocky Mountain area, b u t  opinions were 

mixed concerning how long the s i tua t ion  would last ,  some saying t h a t  

there was f u l l  u t i l i z a t i o n  b u t  no shortage and others saying t h a t  a 

surplus was expected. Three manufacturers were expanding their plant  
w 

u3 

Y 

capacity i n  ant ic ipat ion of a continued increase i n  demand. 

The current problem for the geothermal industry i s  t h a t  d r i l l i n g  

for oil  and gas i s  more profitable. One person who was interviewed 

(on a related subject) satd t h a t  he knew o f  a t  least one case where rigs 

were switched from geothermal t o  other types o f  d r i l l i n g  for this reason. 

'The Futures Group, 
,- 

e 
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Reservoir Development 

Research i n  the area o f  predic t ion o f  scal ing has apparently been 

o f  great use.' As our resu l ts  ind icate there i s  considerable confidence 

t h a t  the problem w i l l  be resolved by 1985. This i s  a key fac to r  i n  the 

development o f  hot  water conversion systems. As one group o f  authors 

put it, "The s ing le la rges t  obstacle tha t  must be surmounted i n  order 

t o  make geothermal f l u i d s  a v iab le energy resource i s  the problem o f  
I t  2 scal ing. 

- - . - 

Unfortunately, the predic t ion of subsidence i s  expected t o  

remain a problem, a t  leas t  beyond the scope o f  our 1985 t i m e  horizon. 

This ' is  i n  p a r t  a re f lec t ion  a f  inadequate reservo i r  modeling. 

conjunction, subsidence abatement (1 i s t e d  under the environmental 

heading) also received r e l a t i v e l y  low scores, 

I n  

Improved re in jec t i on  techniques and the prevention o f  plugging 

i n  re in jec t i on  wel ls  are also cruc ia l  factors i n  the development o f  

ce r ta in  geothermal s i tes.  One researcher states, "The economic v i a b i l i t y  

o f  geothermal power production a t  the Salton Sea Geothermal F ie ld  w i l l  

requi re  a long-term capab i l i t y  f o r  i n iec t i on  o f  b r ine  eff luents." 3 

'See Chapter 4, " B r i ~ e  Chemistry and Materials," i n  The LLL Geothermal 
Enerqy Program Status Report, and J.D. Rimst idt  and H.L. Barnes, 
"Experiments f o r  Rapid Assessment of the Scal i ng  Propert ies o f  
Geothermal Fluids," i n  Geothermal Energy: A Novelty Becomes a Resource, 

W.F. Downes, H . L .  Barnes, R.D. Rimstidt, "F ie ld  Scaling Tests on 
Geothermal Brines," ' i n  Geothermal Energy: A Novelty Becomes a Resource, 

pp. 567-574. 
2 

pp. 165-166. 

3H.A. Sklar, "Evaluation of Injection-Well Performance," i n  The LLL 
Geothermal Energy Program Status Report, p. 756. 



Our r e s u l t s  i n  the mater ia ls  category are inconclusive bu t  no t  as 
V 

pessimist ic  as the view put  f o r t h  by the  D iv i s ion  o f  Geothermal Energy. 

One way t o  overcome the  cu r ren t l y  l i m i t i n g  features o f  
geothermal d r i l l i n g  i s  t o  develop r a d i c a l l y .  new approaches. 
These might provide economical d r i l l i n g  t h a t  does no t  
invo lve  muds, cements, lubr icants ,  elastomers, o r  o ther  
mater ia ls  which do n o t  work we l l  a t  elevated temperature. 
An &&ve b u t  u.&h@ po~&b.t.UXy .LA the 9hadu.d 
i n m w e  i n  &e peh~onmamc~ c a p a b u e s  06 each 06 these 
mat-. [ I t a 1  i c s  added] 

w 

3 
Well s t imu la t ion  techniques are  important t o  improve production i n  

2 
marginal reservo i rs  and t o  res to re  o lde r  we l ls  t o  o r i g i n a l  capacity. 

I t  a lso  appears t h a t  improvement i n  t h i s  area w i l l  be a c r i t i c a l  f ac to r  

i n  the development o f  ho t  d r y  rock systems. 
3 

w 

Control of sca l ing  and corrosion i s  a key fac to r  i n  reducing the costs 

of u t i l i z i n g  geothermal br ines s ince these two impediments lead t o  higher 

operat ing and maintenance costs and a reduced load f a c t o r  because o f  down- 

t ime f o r   repair^.^ The Bechtel study revealed t h a t  there was a d i v e r s i t y  

3 

w 
5 o f  op in ion concerning the reso lu t i on  of sca l ing  and corros ion problems. 

Our r e s u l t s  i nd i ca te  t h a t  t h i s  i s  s t i l l  the  s i tua t ion ;  however, the  balance 

y3 

2Jet Propulsion Laboratory, Program D e f i n i t i o n  . . . Volume 111, P.0-23. 

lD.O.E.-D.G.E. , Prospects f o r  Improvement i n  Geothermal Well Technology and 
The i r  Expected Benefi ts, p. 94. 

3See Los Alamos S c i e n t i f i c  Laboratory, Hot Dry Rock Geothermal Development 
V P r o j e c t ,  pp. 7-8. 

4For discussion o f  t h i s  problem and po ten t ia l  so lu t ions  see, Je t  Propulsion 
Laboratory, Program D e f i n i t i o n  . . . Volume 111, Appendix D-11, pp. D-63 - 
D-79, and U.S. Department o f  Energy, D iv i s ion  o f  Geothermal Energy, - The 
Results o f  the I n i t i a l  Feasib i l  i t y  Program on Cavi ta t ion Descal i n g  Techniques 
for  Pipes and Tubes Used i n  Geothermal Energy Plants (Prepared by Daedalean 
Associates, Inc. , June 19/8). 

(3 

In o f  t h i s  problem and po ten t ia l  so lu t ions  see, Je t  Propulsion 
tm D e f i n i t i o n  . , . Volume 111, Appendix D-11, pp. D-63 - 

D-79. and-U.S. DeDartment o f  Enerav. D iv i s ion  o f  Geothermal Enerav. The 
4" . - 

ie i n i t i a l  t eas ib i  I i t y  program on Cavi ta t ion Descaling Techniques 
I Tubes Used i n  Geothermal Energy Plants (Prepared by Daedalean 
nc., June 19/81. 

5The Futures Group, pp. 257-258. 
r, 



3 o f  respondents scored the potent ia l  f o r  solut ions i n  the lower two quart i les,  

the exception being the fac to r  pertaining t o  the ext ract ion o f  useful 

mater ia ls from geothermal brines i n  which the p robab i l i t y  assignments were 

i n  the upper two quart i les.1 Y 

Development o f  reservo i r  ,systems other than dry  steam and hot  water 

(br ines) w i l l  be essent ia l  f o r  long-run industry growth. O f  the three 

a l te rna t ive  candidates for development included i n  our study -- hot dry 3 

rock, geopressured , volcanic heat sources -- geopressured received the most 

favorable estimates. A1 though the development o f  geopressured reservoirs 

are only on the fr inge o f  the time horizon o f  our study, a few comments 

are warranted because o f  i t s  potent ia l  t o  g rea t ly  enhance industry growth. 

W 

z ~ - _-_. . 

Prel Sminary invest igat ions of the geopresured resource were qu i te  
r, 

encouraging, p a r t l y  because three types o f  energy may be derived from 

geopressured waters -- thermal , kinet ic ,  and chemical. However, the 

fol lowing technical uncertaint ies have been c i t e d  i n  a study by the Je t  
3 

Propulsion Laboratory. 

For a discussion on how a 10-megawattpilot has operated i n  t h i s  environment 
and the problems encountered see U.S. Department o f  Energy, D iv is ion  of 
Geothermal Energy, Geothermal Loop Experime,ntal ’Fac i l i t y ,  by H.K. Bishop, 
e t .  a7 . , (January 1 978). 

3 

. 2Some prel iminary invest igat ions have been made o f  the geological 
formations i n  the in land Texas Gulf  Coast area and have del imi ted 

of Energy, Div is ion of Geothermal Energy, Geothermal Resources, Wilcox 
Y the more promising regions f o r  geopressured energy: U.S. Department 

by D.G. Bebout, et.al., (January 1978); U.S. 
sured Geothermal Fairway Eva1 uation and Test- 
ormation, Texas Gulf  Coast, by D.G. Bebout, 

et.al., (January 1978); U.S.D.O.E. - D.G.E., Geothermal Resources, 
Yicksburg Formation, Texas Gulf  Coast, by R.G. Loucks, (January 1978). I, 

3Jet Propulsion Laboratory, Program De f in i t i on  . , . Volume 111, pp. G-1 - 6-2. 
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(1) The mumber of aquifers with sufficient volume and 
permeability to sustain large flows of water over long 
intervals of time. 

(2) The methane gas content in geopressured water. The 

factor in the economics of utilizing geopressured water. 
amount of gas which can be recovered is a primary 1 

More recent work points out a third factor. 

(3) The most significant environmental concerns are 
subsidence resulting from the withdrawal of enormous 
volumes of formgtion waters and the disposal of highly 
'sal i ne brines . 

Energy Conversion 

In the literature reviewed there was no significant treatment of 

Correspondence with one participant carbon steels and titanium alloys. 

in our study revealed that these materials were already developed 

to the point where they posed no significant technological barrier. 

Given the large mass of literature devoted to specific technology 

and systems technology of energy conversion, a discussion of each factor 

would far exceed the intended limits o f  this study. The references 

already cited and the bibliography at the end o f  this part of the study 

provide an ample starting point for the interested reader. 

'Jet Propulsion Laboratory, Program Definition . . Volume 111, p. 6-7. 

qhomas C. Gustavson and M.M. PlcGraw, 'Totential Environmental Concerns 
Associated With the Development of Geopressured-Geothermal Resources 
of the United States Gulf Coast,.! in Geothermal Energy: . A Novel t 
Becomes a Resource: pp. 245-248. For recent analyses of the geop:essured 
resource see in the same reference D.E. Hankins, et.al. , "Chemical Analysis 
and O.C. Karkalits and B.E. Hankins, "Chemical Analysis of Dissolved 
Natural Gas in Water from the World's First Geopressured-Geothermal Well." 

om the World's First Geopressured-Geothermal Well 'I (pp. 253-255) , 

(pp. 351 -354). 



3 There are  apparently a la rge  number o f  research e f fo r t s  concentrat ing 

i n  the  area o f  energy conversion technology, sponsored both by the  government 

and by p r i v a t e  industry.  As t h i s  study progressed, some in te res t i ng  i ns igh ts  

were forthcoming from several par t ic ipants .  F i r s t ,  some were h igh l y  c r i t i c a l  V 

o f  p a r t i c u l a r  p ro jec ts  t h a t  were betng funded by the  federal government 
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rclr 
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as wasteful and no t  very promising avenues o f  approach. Others, i n  the 

p r i v a t e  sector, ind ica ted  t h a t  they were "shelving" t h e i r  research e f f o r t s  

because o f  l ack  o f  government in te res t .  

expressed about the apparent e f f o r t s  o f  some ind iv idua ls  t o  convince f i rms 

t o  purchase equipment t h a t  had no t  been proven t o  be technologica l ly  sound. 

This l a t t e r  f a c t o r  may be a t t r i b u t a b l e  t o  the lack  o f  in format ion concerning 

the emerging novel technology i n  the industry. 

F ina l l y ,  concern was a lso  

One might perhaps deduce t h a t  the above observations are  no t  

surpr is ing  s ince many o f  the experts being surveyed probably have vested 

i n te res ts  i n  marketing t h e i r  own invent ions o r  innovations. 

s t r i c t  adherence t o  anonymity f o r  a l l  par t i c ipants  i n  a l l  phases o f  t h i s  

survey was guaranteed. 

would ga in nothing from t h e i r  c r i t i c a l  comments, and the  open and 

convincing nature of t h e i r  arguments supported t h i s  view. 

However, 

I n  some cases i t  was obvious t h a t  the par t i c ipants  

Environmental 

I t  should be pointed o u t  t h a t  t h i s  problem has received considerable 

a t ten t i on  from the federal government i n  term of an t i c ipa t i ng  the effects 

of f u tu re  development, devis ing a plan o f  assessment, and reviewing v 

3 
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ex is t ing  regulat ions a t  the national, state, and loca l  levels.’ One o f  these 

studies makes the fo l lowing conclusions concerning pol  1 u t i on  control  

technology i n  the geothermal industry. 

Very few p o l l u t i o n  control  technologies appl icable t o  
geothermal energy conversion sys tems have been 
demonstrated. Most o f  the control  technology develop- 
ment and operation o f  control  f a c i l i t i e s  has been done a t  
The Geysers geothermal power generation s ta t i on  owned 
by Pac i f i c  Gas and E lec t r i c  Company. 

Several p o l l u t i o n  contro l  technologies used i n  other 
indust r ies appear t o  be applicable t o  the geothermal 
i ndus t r y , - i f  they are s u f f i c i e n t l y  economical. However, 
a t  present, i t  appears t h a t  many o f  them w i l l  not  be 
economically achievable i n  s i tuat ions where they might 
be technica l ly  feasible. 
tha t  any new control  technology concepts w i l l  be devised 
f o r  the geothermal industry. 
coccepts and t h e i r  technologies w i l l  be adopted. 

It does not appear a t  t h i s  time 

Instead already k n y n  

As was previously mentioned several par t ic ipants  i n  our study 

tha t  environmental factors would pose serious constraints f o r  fu ture 

f e l t  

development o f  the geothermal industry. A very comprehensive environmental 

analysis of The Geysers i n  Ca l i fo rn ia  points out  that environmental factors  

may vary considerably and ( i n  the case of ‘noise abatement) recommends the 
3 development of a general assessment methodology. The presence o f  H2S i s  

cur ren t ly  a major concern, but  some prel iminary studies reveal t h a t  t h i s  

U.S. Environmental Protect ion Agency, Po l lu t ion  Control Guidance f o r  L 

Geothermal Energy Develqpment, by Robert P. Hart1 ey (June 19/81 9 P. 7. 
3Consul t a n t  Report on‘ Environmental Analysis f o r  Geothermal Energy 

Development i n  the Geysers Region, Volume 11: 
Assessment, Prepared f o r  Ca7 i f o r n i a  Energy Resources Conservation and 
Development Commission by Stanford Research I n s t i t u t e  (May 1977). 

Master Environmental 
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1 i s  a manageable problem and i s  not  a serious th rea t  t o  development. 

However, the  problems o f  water p o l l u t i o n  and espec ia l l y  subsidence appear 

t o  be the most serious long-run factors,  and these w i l l  become more 

pronounced i f  the indus t ry  continues t o  grow v i a  development o f  the hot 

water and geopressured forms o f  the resource, 

Technology Development i n  Perspective 

I n  a technology assessment study i t  i s  important t o  keep i n  mind 
-_ - 

Y t h a t  one i s  deal ing bas i ca l l y  w i t h  technical  experts and no t  w i t h  

w 

manufacturing and marketing experts. 

few comments from studies which have d e a l t  w i t h  these other c r i t i c a l  

f ac to rs  o f  technology development and commercialization. These w i l l  

Therfore, i t  i s  wise t o  inc lude a 

serve t o  lend more perspective t o  the resu l t s  o f  our study (and others) 

and what might be expected from the geothermal industry. 

w One study by Frank Lynn was d i rec ted  a t  an empir ical  analys is  

of twenty major technological innovations t h a t  have taken place i n  t h i s  

century? Admittedly t h i s  i s  a much broader approach than was the  purpose I 

of assessing new technology far a p a r t i c u l a r  newly emerging industry,  and 

' For example, see P.H. Gudiksen, et.al., " A i r  Q u a l i t y  Studies o f  Geothermal 
Development i n  the Imperial  Valley," and. J,F. Kunze and S.G. Spenser, 
"Environmental Necessity and Suff ic iency:  The Case o f  the R a f t  River 
Project," i n  Geothermal Energy: A Novelty Becomes a Resource, pp. 235-236 
and pp. 391-393 respect ively.  

3 
-I -- 

ru3 

*Frank Lynn, "The Rate o f  Development and D i f f us ion  o f  Technology," i n  
Howard R. Bowen and Garth L. Mangum, eds,, Automation and Economic 

w Progress (Prentice-Hall  , Inc.: Enjlewood C- 99-113. 

i 



3 

t h i s  may considerably weaken the v a l i d i t y  o f  the conclusions which can be 

applied t o  our study. 

geothermal potent ia l  and the f a c t  t h a t  we may be rather  naive i n  assuming 

w 
However, given some o f  the grandiose project ions of 

t h a t  technical solut ions w i l l  t rans late i n t o  commercial appl icat ion, even u 
a f t e r  a long lag  time, we bel ieve these conclusions are a t  l e a s t  worth 

repeating . 
I n  order t o  preserve some b rev i t y  several thought provoking quotes rr 

w i l l  be given from Lynn's study. Care was taken t o  try t o  preserve the 

context from which the quotes were taken'and ther fore not t o  btas the 

Y in tent .  

The resu l t s  suggest t ha t  the accelerat ion i n  the r a t e  of, 
technological development can pr imar i l y  be a t t r i bu ted  t o  
the increasing sophis t icat ion and a c t i v i t i e s  o f  business 
and industry i n  i den t i f y i ng  potent ia l  commercial appl icat ions 

Despite t h e i r  ra ther  substant ia l  e f f e c t  on the incubation 
period [defined as beginning when technical f e a s i b i l i t y  
o f  an innovation i s  established, and ending when i t s  
commercial potent ia l  becomes evident and e f f o r t s  are made 
t o  convert i t  i n t o  a commercial product o r  process], none 
of these factors  [ re fe r r ing  t o  .the h i s t o r i c a l  t iming, 
type o f  market appl icat ion (consumer o r  i ndus t r i a l  ), 
source o f  development funds (p r iva te  o r  federal government) , 
and whether o r  not the innovation was developed i n  ex is t ing  
(secondary) o r  new (primary) indust r ies]  were shown by 
t h i s  study t o  have had a s i g n i f i c a n t  inf luence on the 
commercial development period. Logic would tend t o  suggest 
t h a t  the r a t e  o f  commeretal development f o r  innovations 
sponsored by the federal government would be much fas te r  
than f o r  those financed by p r i va te  industry, and tha t  
i ndus t r i a l  innovations would have a fas te r  r a t e  o f  commercial 
development than consumer innovations. 
was evident from the analysis. S imi lar ly ,  very l i t t l e  
d i f ference extsted between the commercial development 
periods for primary and secondary type innovations. (p. 106) 

w of technology. (p. 105) 

3 
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But no such pat tern 3 
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From these data, i t  i s  apparent t h a t  the present r a t e  o f  
development and d i f f us ion  o f  technology does not  require 
the i n s t i t u t i o n  of an "ear ly warning system" t o  i d e n t i f y  
potent ia l  major technological innovations i n  t h e i r  ear ly  
stages o f  research and development. Almost wi thout 
exception, those technological innovations t h a t  w i  17 
have a s ign i f i can t  impact on our econony and society during 
the next f i v e  years have alreaay been introduced as 
commercial products o r  processes. (p. 11 3)  

Other studies are also pointed about the need f o r  potent ia l  market 

j 

assessment, f o r  example, a study by the National Science Foundation 

concluded the f o l  lowing. 

Recogni;tion 06 dmmd A a mane gnquen;t bac/ton in innova;tian 
Zhan /recogtzh%an 06 t e w d  potentiae.  The idea o r  concept 
f o r  an innovat ion i s  necessari ly a fus ion of recogni t ion 
o f  both demand and technical potent ia l .  
study the innovators indicated t h a t  the primary fac to r  i n  
undertaking work on the innovation was a recognized market 
potent ia l  o r  a recognized need i n  the production process 
i n  three-fourths o f  the cases. I n  21 percent o f  the cases 
the primary factor was recogni t ion of a technical potent ia l  
which might be exploited.1 

I n  the present 

[Author's i t a 1  i C S 1  

F ina l ly ,  i n  another study, prepared for the National Science 

rus Foundation by Arthur D. L i t t l e ,  Inc., the resu l t s  are also interesting. '  

This study concluded t h a t  the most s i g n i f i c a n t  technological bar r ie rs  

perceived by industry were market related. This por t ion  o f  t h e i r  resu l t s  

IG i s  repr in ted  below. 

There are ba r r i e rs  t h a t  are widely perceived as "s ign i f i can t "  
o r  higher, and therefore seem not t o  be industry speci f ic .  
These bar r ie rs  are: 

Y - ' National Science Foundst ion, Success ffi Indus t r i  a1 Innova ti ons (':!as h i  ngton, 
D.C.: U.S. Government Pr in t ing  Office,clf369), p. 60. 

*Arthur 0. L i t t l e ,  Inc. and Indus t r ia l  Research Ins t i t u te ,  Inc., Barr iers  
W t o  Innovation and Industry: O m t u n i t i e s  f o r  Pub1 i c  Pol  i c y  Changes 

?Prepared for the National Science Foundation, 1973). See pages 18-19. 
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1 Average Barr ier  Rating w 
(1) Unava i lab i l i t y  o f  information 

(2) Unava i lab i l i t y  o f  information 

(3) Unava i lab i l i t y  o f  information 

c r i t i c a l  t o  decision-making -- 

c r i t i c a l  t o  decision-making -- 
c r i t i c a l  t o  decision-making -- 
sales potent ia l  3.0 

marketing 3.5 

w market character is t ics  3.4 

3 Concl uslons 

No s ing le technolgical breakthrough i s  l i k e l y  t o  produce an unexpected 

U boom i n  the geothermal industry. 

components w i l l  requi re  compl imentary research and development i n  several 

Advances i n  a1 ternat ive processes and 

related'areas. A central  question t h a t  has emerged i n  t h i s  study (and 

fd others) concerns the l i m i t e d  s ize o f  the market f o r  geothermal technology. 

This i t e n s i f i e s  the reservations o f  p r iva te  industry t o  conduct research 

and development because o f  the uncertainty o f  whether o r  not  new technology 

can be pro f i tab ly  produced and marketed. 

recogni t ion o f  a cur ren t ly  l i m i t e d  market, but  one w i th  potent ia l  f o r  

considerable fu tu re  growth, i s  the argument used t o  j u s t i f y  government 

involvement i n  research, development, and demonstration e f fo r t s .  

Y On the other hand, the 

3 

The question o f  c ross- fe r t i l  i za t i on  o f  geothermal technology w i th  

the o i l ,  gas, and mineral indust r ies is also centra l  t o  the 1 imited 

w market problem. But t h i s  question remains la rge ly  unanswered. It i s  

recommended tha t  t h i s  subject be invest igated and incorporated i n  a cost- 

benef i t  framework f o r  government supported technology research. 

3 
'The r a t i n g  scale was as follows: 0 = No barr ier ,  1 = Marginal ly s ign i f i can t  
barr ier ,  2 = Moderately s ign i f i can t  bar r ie r ,  3 = S ign i f i can t  barr ier ,  
4 = Very s ign i f i can t  bar r ie r ,  and 5 = C r i t i c a l  ba r r i e r  ( p .  16). 

3 
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II, 

The technology assessment study has influenced our manpower assess- 

ment i n  several areas. 

industry growth and the resultant demand for manpower. 

First, i t  serves t o  qual i fy  scenerios concerning 

In general i t  

appears t h a t  progress will continue t o  be slow bu t  steady w i t h  continued 

growth a t  The Geysers and Imperial Valley w i t h  reasonable assurance t h a t  

the technical problems (e.g., scaling and corrosion) associated w i t h  the 

latter will be resolved. 

only come w i t h  the development of the geopressured resource. 

is  not w i t h i n  our time horizon. 

impediments tha t  might be expected i n  the future i s  environmental , especially 

the uncertainty concerning the subsidence problem. 

However, a general industry "boom" will probably 
1 

This prospect 

Finally, one of the most significant 

Second, there was-a small amount of direct information concerning 

manpower t h a t  was forthcoming from our technology investigation. 

(1) Most technical experts i n  the geothermal industry have 
come from the o i l  and gas industries, some having 
received special geothermal t ra in ing .  

( 2 )  Feedback from some participants indicates t h a t  the types 
.of technical personnel currently needed are  i n  earth 
sciences (e.g . , geologists , geophysicists, geochemists , 
etc.) and engineering (e.g, , reservoir, environmental , 
and mechanical engineering) .2 

' T h i s  possible "boom" is dependent on optimistic estimates of the thermal, 
kinetic, and chemical energy potential of the geopressured resource. 
One expert has understandably taken strong exception t o  a predicted 
industry boonhpredicated on the geopressured resource especially i n  
electrical energy production, w i t h  the view t h a t  the most impressive 
growth will occur i n  direct use applications. 

21n conjunction, see 
Geothermal Energy, I' 

Vase1 W. Roberts, "New Career Paths 
i n  Mechanical Englneering (November 

i n Eng i neer ing : 
1977), pp. 50-53. 
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Third ,  as a f i r s t  stage of the development of the geothermal industry, 
Y 

much technology had t o  be transferred directly from other industries, par t i -  

cularly oil and gas.’ 

exploration and assessment, d r i l l i n g ,  and a t  least init ially i n  pollution 

technology. 

directly transferred from other industries. The second stage of  development 

has been the alteration and adaptation of these and other techniques to  the 

unique features of the geothermal resource. T h i s  requires specific t r a i n i n g  

geared t o  the uniquely emerging industry. T h i s  technology study and the 

personal interview phase of the manpower assessment study reveal t h a t  the 

main method is on-the-job t r a i n i n g ,  no t  only for scientific and technical 

personnel bu t  a1 so for skilled labor. The personal interview phase particularly 

points out  t h a t  specfal ized degree offerings i n  geothermal activities do not 

exist i n  educational institutions, a1 though some courses of  an orientation 

nature are available. 

We have observed this t o  be especially true i n  resource 

V 

I t  follows t h a t  the required manpower i n  these areas was also 

w 

v 

w 

V I t  appears that the industry i s  firmly established i n  this second stage 

find the policy issue i s  whether o r  not i t  will soon advance t o  a t h i r d  stage 

involv ing  the emergence of  novel technology on a wide scale and/or a 

significantly increased industry growth rate. The imp1 ications of such a cc) 

course o f  events would be the greatly increased need for manpower which i s  

0 
’The use of  the terms stages of development (or growth) makes no pretense t o  
the r igor  of i ts  use i n  the context of economic theory. However, the idea 

does no t  appear t o  be an object of ecnomic inquiry. S t i l l ,  on the surface a t  
least, i t  i s  an intuitively appealing approach as a first step i n  understanding 
manpower growth patterns i n  related industries. We suggest this as a useful 
avenue of investigation i n  rational i z i n g  and comparing occupational growth 
patterns i n  the various sectors of the energy industry. T h i s  would hopefully 
allow the recognition of common characteristics and problems which would be 
invaluable for pol icy guidance. 

\ of discussing a newly emerging industry i n  a developed economy I n  this context 

Y 



h igh ly  special ized t o  the geothermal industry, hence the establ ishment of 

formal t ra in ing  programs (assuming this t o  be the least cost approach) 

capable of producing manpower i n  adequate quantities ensuring that 

bottlenecks do not emerge. 

Given the results of our  inquiries and given the D.O.E. - D.G.E. 
forecasted industry growth, we conclude tha t  only a modest effort i s  

currently needed - i .e., a few government supported special ized courses 

of t r a in ing  a t  formal institutions. 

which could be gradually expanded as needed if  the industry begins t o  

T h i s  would establish a t ra in ing  base 

grow a t  a more rapid pace i n  the 1980's. 

Finally, i n  conjunction w i t h  our personal interview survey of  firms 

i n  the private sector, a f inal  factor should be mentioned. 

t h a t  resources (capital and labor) are mobile between the geothermal 

industry and other industries, especially o i l  and gas. In relation to  

manpower this was true bath i n  an interfirm-interindustry sense and i n  

an intrafirm case where the firm was engaged i n  multiple industry efforts. 

Results indicate 
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I. 
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What have been the major inventive or innovative breakthroughs i n  

geothermal technology i n  the l a s t  five years? 

(1) The development and patenting of a new type of  vapor o r  l i q u i d -  

2,-, , +’ 

to-vapor expander, which has much greater potential than  any 

other device i n  existence ‘for f lu ids  i n  the geothermal temperature 

range. The device is call ed the Roto-Osci 11 a t i  ng Vane, Orbi t a l  - 

r‘ 

U 

W 

Piston (ROVOP) machine. 

(2) The development of a prime mover, capable o f  utilizing geothermal 

hot brines directly. 

(3) Improved abil i ty to handle l i q u i d  dominated resource f l u i d s .  

(4) The potential use o f  large radial inflow turbines operating w i t h  . -  
hydrocarbon secondary working f lu ids ,  isolating the brines from 

the turbine area. 
Y 

(5)  The invention of the direct contact binary system for geothermal 

power conversion. 

(6) The development of technolog required t o  produce el ectrici t y  

from the hypersaline brines i n  the Salton Sea KGRA. 

(7) Binary vapor cycles and total flow turbines. However, these 
are st i l l  i n  the R & D stage and are not  yet comercially praven. 

(8) Improved resoume exploration; increased acceptance of carbon 

(9)  Speaklng for (name of company del eted) only, our breakthroughs 

steels. 

include: (a) integrated agribusiness, aquafarming, biogas 



generation w i t h  geothermal energy i n  a cycle called "TERSA", 

(b )  hybrid powerplant us ing  geothermal and wood residue, and 

(c) improved cooling pond design for power plant. 

Y 

(1 0) Module development. 

(11) In-situ acidification of hi-salinity geothermal f l u i d s  for scale 

control and recovery of mineral constituents from geothermal 

brines. 

W 

I 

3 

(12) None that could be classified as major. Steady progress i n  recent 

years has been made i n  demonstrating the technology for handling 

steam (U.S. and Italy) and water dominated resources (Mexico and 

New Zeal and). 
Y 

(1 3) Concerning exploration: Improvements and adaptation of various 

.IC' geophysical exploration techniques, primarily electrical methods 

(Magneto-tellering, tellers) and seismic methods (micro earthquake 

studies and seismic attenuation studies using local and teleseismic 

events as well as manmade services). V 

(14) In-hole energy conversion and closed systems. 

(15) I believe we are trying to  i n v e n t  "the wheel" a l l  over again when 

@ we look a t  geothermal energy development techniques. Why don ' t  

we visit  New Zealand, Iceland, Russia, Italy, and Japan where they 

are running  geothermal electric energy generating faci l i t ies  and 

see where we are fail  ing  t o  recognize and use existing techniques. 0 

(16) (a) Sophistication of computer model ing techniques i n  reservoir 

assessment. 

U ( b )  Sophistication o f  well testing. 

(c) Sophistication of geochemical methods for predicting parameters 

deep w i t h i n  geothermal systems. 
W 
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( d )  The development of res i s t iv i ty  as  an effective method i n  

geothermal exploration. 

(e) The use of s a t e l l i t e  data for geothermal reconnaissance 

s t u d  i es . 
(1 7) Exploration: (a) geophysical advancement i n  res i s t iv i ty  and 

magnetotell uric surveys; ( b )  geochemical technology i n  general 

and gases survey as an exploratory tool; (c) a bet ter  and l i t t l e  

known understanding of the geology and volcanology (including 

criptovol canol ogy) of geothermal fie1 d. . 

(18) In my area of expertise, which is  geothermal exploration, I do 

not believe there has been any major breakthroughs i n  exploration 

technology i n  the l a s t  five years. 

(19) Refinements i n  exploration technology -- geophysical, geochemical; 

heat exchange and total  flow uti1 ization systems. 

(20) Reservoir engineering and d r i l l i n g  advances. 

(21) Recognition that  two stage flash equipment i n  the low temperatures 

(35OOF to 400OF) can produce e lec t r ic i ty  a t  prices competitive 

w i t h  fuel o i l  i f  the water has less than 15,000 ppm solids. 

(22) Technology transfer from other disciplines; geochemical exploration 

ent logging during d r i l l i n g ) .  (such as key el 

(23) We haven't seen any breakthroughs for  exploration o r  d r i l l i n g .  

Possibly some advancement i n  geophysics as i t  applies to  geothermal efforts.  

(24) (a )  Development of hot dry rock energy extraction loops. 

( b )  Development of new types of conversion equipment, such as the' 

screw expander. 

(c)  Development and tes t ing o f  organic-vapor binary cycles. 

( d )  Development and demonstration of downhole instrumentation. 

W 
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(25) (a)  Demonstration of LASL --Hot Dry Rock Project. 

( b )  New Maurer Engineering Geothermal Turbodri 11 . 
(c)  High temperature logging instruments. 

(d) Hydraulic fracturing of growth a t  LASL. 

(26) (a)  Downhole pump by Sperry Research Center. 

( b )  High temperature turbodrill by Maurer Engineering, Inc. 

(c)  Integrated Thermionic Circuits (ITC); i .e. , active, h i g h  

temperature electronics for service up to 6OO0C, by LASL. 

(d )  High temperature, open-hole packers for  formation fracturing 

and stimulation, by Lynes, Inc. 

(e) Hybrid, 4 cone p lus  stratapax core bits for hard geothermal 

formations, Smith Tool. 

( f )  The basic technical feasibi l i ty  of hot  dry rock geothermal 

technology, by tASL. 

(27) Two-phase f l u i d  transmission. 

(28) (a) Use of titanium alloys i n  turbines for power generation. 

(b) Flash vaporizers for pure water conversion. I 

(29) Demonstration of technical feasibi l i ty  of wet dry rock concept. 

(30) No major breakthrough seen; rather, strong effort i n  technology 

transfer has been tak ing  place. 

(31) Development of the down-hole pump and development of the down- 
I 

hole heat exchanger. 

(32) Major emphasis has been added t o  geothermal due mainly to  the 

upward trend i n  energy costs i n  general. Renewed interests i n  

1 iquid-dominated systems and the accompanying material s/corrosion 

research has been most significant. 
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(33) (a )  Geothermal well d r i l l i n g  techniques. 

( b )  Multiple legs for the bottom hole. 

(c) Use of transite pipe for f l u i d s  below 300OF. 

( d )  Design and operation of binary power systems inc luding  direct 

contact units. 

(34) .Very few. Most are using modified o i l  field practice. 

(35) Work i n  hi-saline geothermal. 

(36) Seating and sealing of casing. 

11. What do you consider to  be current bottlenecks i n  technology develop- 

ment (capable of being solved by 1985) t h a t  would require the intro-  

duction of a new invention o r  innovative technique? 

(1 ) There are no positive-displ acement expansion devices being developed 

which have sufficient expansion r a t i o  capability and exhaust 

volumetric capacity t o  provide good efficiency from low energy fluids. 

The only possible solution currently known is the ROVOP. I t  is not 

being developed for lack of minfmal funds. 

( 2 )  Satisfactory control of mineral deposition in the supply well, 

process p ip ing ,  and the disposal well on system. 

(3) Improved re1 iabi l  j t y  o f  systems and components. Improved abi l  i t y  

to  economically dispose of power plant effluents, such a s  brine 

injection, sludge, and gases. 

(4 )  We d o n ' t  see any restrictions t o  the use of geothermal power a t  

t h  i s t i  me 

(5) Understanding o f  well stimulation and production limitations. 

(6)  (a)  Downhol e pumping. 
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Y 
( b )  Pumps, valves, and instrumentation which will operate i n  a 

scal i ng envi ronment . 
(c) Methods of s i l i ca  removal from hypersaline brine. 

W (7) Environmental impact of waste effluents. In the case of the 

Geysers, this is primarily hydrogen sulfide. In the area of L e  

Geysers ambient a i r  quality standards for H2S a re  being exceeded 

and regulatory agencies will no t  allow this t o  continue indefinitely. 

T h i s  is l ikely to  be a problem a t  many geothermal projects. 

( 8 )  Binary power cycles and heat exchanger automatic descal ing.  

( 9 )  Realization (or lack of) potentials for severe pol lut ion not  yet 

J 

w 
recognized. 

(10) Environmental impact requirements t o  satisfy government requirements; 

V 

chemicals contained i n  geofl uids. 

(11) Module design. 

(12) (a)  Lack of venture capital t o  fund h 

reserves for power generation and 

pl ants. 

gh risk, h i  -sal i n i  ty  geothermal 

minerals recovery demonstration 

( b )  Demonstrated, viable, low-cost, non-corrosive methods for 

eliminating o r  lessening scale deposition i n  high sal ini ty  

geothermal systems. 

(13) None, pertaining to geothermal turbine operation. 

(14) (a )  Governmental regulations hinder severely any exploration 

programs although I seriously doubt this is  capable of being 

solved by 1985. 
w ( b )  Methods af hand1 i n g  very h i g h  concentrations of  sal ts and other 

solids need t o  be developed. 

I 

rro 
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(15) (a )  Exploration technology. 

(b) Drilling technology. 

(c) Energy conversion. 

(16) Low cost, heat exchanges and turbines for  use . w i t h  temperatures 

less than  150°C. 

(17) The development of techniques to  use a geothermal resource i n  

the range of approximately 21 2°F to  250°F t o  generate electricity. 

(Design p l a n t  to  use a booster fuel such as solar or coal t o  step 

up temperature from earth to 350°F/4000F for greater efficiencies. 
I 

(18) ( a )  Development of well logging tools w i t h  dual capabilities. 

( b )  Development o f  well logging tools able t o  operate under more 

adverse temperature and chemical conditions. 

113 (c) Development of better well d r i l l i n g  and completion methods. 

(d)  Refinement of interpretation of self-potential surveys i n  the 

study o f  geothermal systems. 

0 (e) Development of better techniques for predicting subsidence. 

(1 9) ( a )  Development of commercial two-cycle power pl ants. 

( b )  Development of space conditioning agricultural facilities. 

(c) Production eval uation dur ing  d r i l l  i n g ,  for  instance by better Y 

geochemical logging and packer tests. 

(d )  Decrease of the rate of production can be controlled by hydro- 

fracturing and chemical methods. v 
(20) The major bottleneck t o  geothermal resource exploration is  the lack 

of opportunity t o  explore for the resource. The reason this lack 

o f  opportunity exists i s  due t o  interference and harrassment of 

explorationists by various government agencies. 

could be solved by an invention then t h a t  invention is what we need 

V 
I f  this problem 

by 1985. 



(21) Masking of the resources by natural means, causing us t o  use a . 

mu1 t i t u d e  of techniques t o  increase the probability of tapping a 

resource when d r i l l i n g  takes place. 

(22) (a) Well logging hardware and technique. 

(b) Biggest bottlenecks are not technological ; they are  legal, 

environmental, bureaucratic, etc. 

(23) (a) Formulation stimulation -- explosive fracturing and mechanical 

packing . 
(b) Advances i n  d r i l l i n g  technology. 

(c) H2S abatement contained i n  geothermal f l u i d s .  

(24) Acceptance of reservoir engineering (analysis) measurements as 

confirming the extent of the energy supply. 

(25) Oownhole measurement instruments capable of operating a t  tempera-ures 

greater than 350OC. 

(26) (a) Well stimulation by fracturing. 

( b )  Effective exploration tools t o  evaluate areas (such as the Snake 

River Plaln and Cascades) where conductive heat is regionally 

disturbed i n  the near subsurface are needed. 

(27) I t  appears government funds are being used mostly for academic welfare 

rather than actual research and development of new technology. Lots 

of ideas and reports. 

(28) (a) Brine-reinjection techniques. 

(b) Conventional and directional drill i n g  equipment. 

(c ) H i  gher-temperature down hol e ins trumenta t ion. 

(d) Improved cements. 

(e)  Improved 1 ow-cos t h i  gh-temperature el as tomers . 
( f )  High-temperature explosives capable of propagating i n  t h i n  cracks. 
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i * .  (29) (a) Improved d r i l l i n g  equipment. 

( b )  Improved geothermal d r i l l  bits. 

(c) Improved geothermal drilling motors. 

(d )  Improved geothermal coring tools. 

(e) Improved h i g h  temperature casing (serious 1 imitation). 

Y 

(30) (a) Improved exploration techniques for hot  water resources. 

( b )  Improvement i n  drilling costs by approximately 50%. 

(c) Development of well stimulation technologies. 

( d )  Development of borehole tools  and instruments for evaluation 

3 .  

of fractured reservoirs; especially determination of fracture Y 

v 

or5 enta t i on. 

(31 ) (a)  Adequate well logging instrumentation for geothermal environment. 

( b )  Plugging of reinjection wells. 

(c) Reservoir simulation which integrates a l l  important data 

(geological, geophysical, hydraulic, thermal, salinity, etc.). 

(32) (a )  Development of better down-hole pumps. 
r3 

(b )  Research dealing w i t h  injection of spent f l u i d s .  

(c)  Binary cycles for lower temperature resources. 

(d) Development of hot dry rock, and volcanic heat sources. 

(e) Development of geopressured systems for thermal and hydraul i c  

u 

energy, as well as natural gas. 

(33) Resource re1 iab i l  i t y  establ ishment. 

(34) Corrosion, pipe plugging,  s a l t  disposal. 

3 

(35) Inability t o  use h o t  brines for  power-generation; expense of current 
v 

methods of  well drill i n g  and related technology. 

(36) (a) Abi l i ty  t o  produce wells w i t h o u t  scale deposition. 
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( b )  Ability t o  predict where scale formation will occur i n  wells and 
J 

transfer 1 ines, by practical , semi-empirical model ing. 

(c) Means o f  increasing overall conversion efficiency i n  electric 

plants from low and moderate temperature brines. 

(d)  Accurate design abil i ty for wells i n  two-phase flow. 

(e) Increase we1 1 productivity and reduce we1 1 costs. 

W 

J (37) Scaling is the primary problem and several techniques will be 

required for control because of i ts  multiple phases -- oxides, 

si l icates,  sulfides, etc. 

v (38) Better understanding o f  geothermal reservoirs and their potential ; 

"Total Flow" (mixed steam and water) prime movers. 

(39) (a) Decreasing cost of capital equipment. 

3 ( b )  Flare systems which operate on demand t o  be used i n  binary 

power systems. 

(c) Improved d r i l l i n g  techniques or equipment t o  reduce well costs. 

(d )  Down hole pumps which operate a t  h i g h  temperature and are i n -  Y 

expensive and easy t o  install.  

(40) Reducing. the cost o f  drilling geothermal wells by 50% will require 

0 a new method o f  dri l l  ing ,  i .e., something different from conventional 

rotary techniques. 

(41) Work i n  hi-saline geothermal. 

(42) Packers from materials viewpoint. 

(43) Corrosion of  working equipment parts. 

Id 

W 
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111. What technology t h a t  Is not yet commercially feasible do you expect t o  

become commercially usable by 1985 (i.e., t o  the extent t h a t  i t  will 

generally rep1 ace current methods)? 

(1) The ROVOP expanders for h o t  water, mixed-phase flow, steam and 

binary f l u i d  cycles (whatever the f l u i d )  promises such major 

advantages i n  power generation f r o m  geothermal fluids, t h a t  i t  

i s  difficult  t o  imagine t h a t  they might continue to  remain 

undeveloped. 

(2 )  Binary and hybrid energy conversion cycles. 

(3) Casting of very large t i t a n i u m  wheels (for h i g h  temperature 

appl i ca ti on on1 y) . 
(4) (a) Direct contact heat exchange. 

( b )  Me11 bore pumping. 

(c) Well bore gas l i f t  w i t h  a secondary f l u i d .  

(d) Removal o f  noncondensibles directly from the steam. 

(b) Direct contact heat exchange (limited use). 

(5) (a )  Bi-phase engines (maybe). 

(c) He1 ical screw expander (1 imited use). 

(6) Upstream removal of impurities, such as H2S, from geothermal steam. 

This will help resolve environmental problems and may improve plant 

performance and reduce maintenance. 

(7)  Binary power cycles. 

(8) Small geothermal power plants. 

(9) Modules for  degassing and heat exchange. 

(10) Direct flash of hi-salinity geothermal fluids rather t h a n  the 

2- f lu id  concept. 
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(11) I t  is unlikely that  any technology,not yet feasible will ever 

replace steam turbines as a method of  converting geothermal energy 

to electrical power. 

(12) (a) Potential extraction of useful minerals from geothermal brines. 

(b) Improvements i n  the "hot  dry rock" type of method to  enable 

heat extraction from dry or  impermeable rock. 

(c) Better understanding o f  the physical pfoperties of  geothermal 

systems to a1 low improved geophysical exploration methods on 

a commercial basis. 

(13) (a) Use of ho t  rock. 

(b) Development of deep geothermal wells deeper than 12/15,000 f t .  

(c) Use o f  relatively low heat resource areas such as  those below 

25OOF down to  220'F o r  212°F. 

(14) Innovative new lower cost d r i l l i n g  techniques may be available. 

(15) (a) Binary power plants. 

( b )  Exploration i n  areas w i t h o u t  surface manifestation using 

geochemical , geophysical, and geologic advances techno1 ogy. 

(c) Hot water utilization. 

(16) I believe tha t  improvements i n  remote sensing and better h i g h  

a1 ti tude aerial photography coverage inc luding  an expansion 

o f  the sky lab coverage would be of more use t o  geothermal 

exploration than any new technology that  i s  likely to be 

invented i n  the next decade. 

(17) Expanded use o f  geothermal-fossil fuel binary systems as 

studied by City of Burbank under ERDA contract. 

ment may occur a t  IPP s i t e  near Lynndyl, Utah. 

Such develop- 
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(18) ( a )  Total flow u t i l i z a t i o n .  

(b) Improved binary systems. 

(c) Hot dry rock ex t rac t ion  systems. 

(19) Upstream H2S abatement technology. 

(20) ( a )  Binary-fl u i  d sys tems. 

(b) Turbo-machinery capable of  uti1 iz ing  d i r e c t l y  two-phase f l u i d  
\ 

o u t p u t  from geothermal well s. 

(21 ) Hydrotracing techniques. 

(22) ( a )  Brine re in jec t ion .  

( b )  Small we1 1 -head generators (e .  g., screw expanders). 

(c) Organic-vapor cycle  conversion sys tems. 

( d )  Stimul a t ion  techniques. f o r  unproductive hydrothermal wells. 

(23) Some improvements on the temperature 1 imitat ions o f  ex i s t ing  

downhole d r i l l i n g  tools .  

(24) ( a )  More general a v a i l a b i l i t y  o f  binary f l u i d  power generating 

turbo machinery; commercial v iab i l  i t y  of  hot  water systems 

wilt be possible. 

(b) D r i l l i n g  technology, equipment, and experience i n  l a r g e  

diameter wells for hot water systems. 

(c) Large volume, downhole (high temperature) pumps f o r  hot 
/ 

water resources. 

(25) ( a )  Adequate logging t r a i l s .  

(b) Coup1 ed geochemistry and heat  t r anspor t  simulation models 

f o r  assessing different f l u i d  r e in j ec t ion  s t r a t eg ie s .  

(26) ( a )  U t i l i za t ion  of  geothermal power plants  f o r  the provision of 

peak load power. 

( b )  Wider spread use of geothermal power f o r  non-electr ic  appl icat ions.  
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(27) Large-scal e binary conversion systems. 

(28) (a) Reinjection of waste brine, reservoir sealing by in-place 
, 

soil p lugging  for evaporative ponds. 

( b )  Use of titanium alloys t o  limit corrosion costs. 

(29) Possibly down hole pumps for maintaining single-phase flows. 

(30) (a) Abi l i ty  to  produce wells without scale deposition. 

(b)  Ability t o  predict where scale formation will occur i n  wells 

and transfer l ines,  by practical, semi-empirical model ing. 

(c) Accurate design ab i l i ty  for wells i n  two-phase flow. 

(d )  Increase well productivity and reduce well costs. 
+ 

(31) (a) Downhole analytical instrumentation f o r  temperature, pressure, 

pH, conductance, etc. 

(b) Helical rotary screw expander for  energy recovery. 

(32) I t h i n k  tha t  "Total Flow" prime movers will be the dominant 

method of power generation, and that  cascaded systems where 

reject  heat from the power cycle is  used i n  some other process 

will be significant. 

(33) (a) Direct contact heat exchangers and condensers. 

(b) Improved down hole pumps. 

(c) Better surface lines (less expensive and easy t o  ins ta l l ) .  

(34) '(a) Strampay d r i l l  b i t s .  

( b )  Downhole replaceable dr i l l  b i t s .  

(c) Foams for use as d r i l l i n g  f l u i d s .  

(35) Much greater direct  application. 

(36) Corrosion resistant parts. 
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Y IV. Additional Comments 

(1) There has been sufficient moneys allocated and spent by Federal 

agencies, State agencies, universities, research institutes, and 

industry dur ing  the past eight or ten years i n  research on geo- 

thermal systems and power equipment t o  have had ten thousand 

megawatts of geothermal capacity i n  operation throughout  the 

U 

W Western States by this time. 

government and others i n  the field will begin to seriously look 

Surely, sooner o r  later,  the 

for some economically useful and commercially applicable new 

technologies. When the time comes, the technologies are ready U 

v 

for  development . 
(2) Non-technical impediment: The risk nature of  geothermal and 

the inability of electric ut i l i t ies  t o  take risks. 

(3) I do not expect a "breakthrough" i n  geothermal development. 

If re1 iab i l  i t y  and economics are proven, the optimum reservoirs 
Y 

will be developed first,  As economics improve, less desirable 

resources w i l l  be u t i t  ired. Each .reservoir may require 

i nd i vidual  devel opmen t effort . 
(4) Our feeling is t h a t  the power generation equipment aspect o f  

geothermal energy (steam turbines, binary turbines, etc.) either 

i n  faci l i t ies  or i t s  associated manpower, will be a limitini 

factor for the development of geothermal energy i n  the U.S. The 

industry possesses the capacity t o  easily supply any foreseen 

growth i n  the demand for geothermal turbines. 

supply geothermal turbines i s  definitely not a bottleneck. 

This a b i l i t y  to  

(5) Technology i sn ' t  the geothermal problem. The problem is for 

Y 



industry, corporations, and small business interests t o  f i n d  

and confirm the resource rather t h a n  t o  retrofit.  I t  i s  probably - 

uneconomical t o  do so for these groups. The other problem 

is institutional barriers. 

(6) Impediments t h a t  may infl uence or retard geothermal development 

are certainly not a l l  directly related t o  technology. 

instance, the power companies, both private and pub1 ic, request 

actual generation of electricity using geothermal resources and 

technology, before they want t o  commit t o  b u i l d i n g  t h a t  same 

power plant which is necessary for production -- their attitude 

For 

i s  one of disbelief -- i f  you have the wells and the field, they 

question how long  the resource will last ,  they question the 

corrosion, etc., the effect on equipment, etc. 

geothermal oriented engineers and other personnel. Basically, 

I personally t h i n k  the economics related t o  geothermal generation 

of electricity have an adverse effect because these same power 

companies are faced w i t h  the problem of logistics -- i.e., i f  the 

cost of producing energy i s  h i g h ,  under their rate regulatory 

agencies they are allowed t o  pass these higher costs on t o  the 

consumer 0- if  the source of energy i s  cheap, they are supposed 

ta pass the savings on. 

They d o n ' t  have 

They have no incentives. 

In your manpower assessment I t h i n k  you should give consider- 

at ion t o  the fact t h a t  many i f  not al l  of  the governmental 

personnel involved i n  geothermal activities are what  one might 

call "90 day wonderers" i n  t h a t  investigation will show most of 

the geothermal special ists were formerly nuclear, coal, hydro 

(or whatever) educated and when the demand for geothermal 
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specialists arose these people were given 5 or  6 weeks "brush 

up" orientation courses i n  geothermal and became the nucleus 

of our geothermal manpower pool. Now, recently graduates are 

i n  limited numbers ar r iv ing  on the scene who have some education 

along geothermal lines b u t  again the popular lines are of course 

nuclear, coal; solar,  o i l ,  and gas -- we need to  advertise 

geothermal and i ts  future. 

(7) There are three main blocks for a full  development o f  geothermal 

energy: 

(b) ignorance, also by some very large petroleum companies, of 

( a )  institutional and environmental obstructions, 

the existing exploratory techniques, and (c)  the uses of  

geothermal energy i n  the fields other t h a n  the power production 

are very l i t t l e  understood, whereas they may supply a very large 

amount of energy. Our knowledge of the geothermal resources, 

also i n  the western states, i s  very poor. The USGS work i n  this 

field i s  impressive, b u t  the Agency has not the means t o  do what 

\ 

i t  i s  needed, t h a t  i s ,  a complete report  OR =the geothermal 

provinces and areas. The major items are: geological frame, 

the surface manifestations, information on the wells, and comments 

on the reasons why many o f  them were unsuccessful. 

a t  least two years work for such a report for each state. The 

bibliography is  ample, b u t  i t  needs t o  be summarized w i t h  the 

scope of ob ta in ing  a general geological picture, as i n  o i l  

exploration has been obtained by sedimentary basin theory a l l  

I t  w i l l  take 

over the worl d. 



3 (8) The b i g  bottlenecks are insti tution/economic. Remove these and 

private enterprise can take care of the technological ones w i t h  

exceptional speed and efficiency, as  they have done i n  the 

U petroleum industry. 

(9)  An increased government funded dr i l l  ing  research program is 

needed. Industry is not interested i n  developing the h i g h  

temperature b.f ts , motors, directional tool s, etc. , needed 

because o f  the small market compared t o  the o i l  well market! 

3 

I 
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(1) A significant contribution t o  geothermal energy development would 

occur i f  more emphasis were placed on geologic methods of exploration. 

If a solid base of geologic data and h i g h  qual i ty  geologic mapping U 

were the first stage of exploration, then better interpretation of 

geophysical data would result. I t  also seems reasonable t o  expect 

t h a t  a better selection of which geophysical methods t o  employ and 

where t o  employ them would result. Cost savings would occur as costly 

geophysical studies w i t h  l i t t l e  likelihood of success could be 

avoided. In 10 years of geothermal exploration, I have continually 

read and heard tha t  "good exploration involves geology, geophysics, 

and geochemistry." As a practical matter w i t h  a few exceptions, 

this rarely occurs. The government i n  requesting proposals for 

geothermal inves t iga ths  will no t  accept geologic studies unless 

w 

W 

they include geophysics and geochemical studies. A similar require- 
3 ment t h a t  geophysics and geochemistry be tied to  geology does not  

exist. Perhaps D.O.E. should employ a few exploration geologists 

and geophysicists w i t h  practical experience. 

(2)  I feel t h a t  ( w i t h )  an increased demand for knowledge coupled w i t h  the 

prospect of  economic incentives, the private sector will develop the 

n ec e s s a ry tech no 1 o gy . 

3 

w (3) Your survey does not consider i n  i t s  full value the importance of  

geothermal geological investigations i n  the field, i n  the 

labs, and i n  theory. Substantial advancements are needed. 
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RESULTS AND MANPOWER NEEDS OF THE 
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(1) Considering the large number of casing failures a t  Cierro Prieto and 

Wairakei, there is I lear ly  a need for improvement. 

(2) The Air Force, - D.O.D. etc. p u t  tens of millions in to  h igh  temperature 

elastomers and got  zilch. 

no obvious large commercial market for industry t o  consider, 

t o  slow permeability may help b u t  the chance for new magic materials i s  

less than  zero. 

C-H or  C-C bonds w o n ' t  hack i t .  There is 

Coatings 

(3) (a)  Some gasses survey techniques using very shallow wells (as an 

example, he1 ium survey) are under investigation. 

of us explorationists feel t h a t  more research work i s  needed on 

this subject, 

i n  four categories: surface manifestations, very shallow holes 

(about one meter deep), temperature gradient hol es (100-500 meter) , 

A t  present, many 

In conclusion, the gasses surveys should be divided 

and exploratory deep we1 1 s. 
r 

As a comment on your preliminary evaluation of  your survey, 

i n  my opinion the large percentage i n  the "NO Judgment" is due t o  

the state of art. 

the official b i r t h  o f  the geothermal energy as a world-wide 

significant technology. 

were working i n  geothermics. 

i n  Pisa showed a marked progress. 

Symposium demonstrated t h a t  the ado1 escence stage both of industry 

and technology has been reached, mainly by the American scientific 

and i ndus tri a1 work . 

The UN Rome Conference '(1961) has been considered 

A t  this time, a few scores of scientists 

The very successful 1970 UN Symposium 

The 1975 UN San Francisco 

Now, we are growing up: a very large scientific research work 

i s  currently under way i n  many countries. We Americans are the 
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leading team. However, a t  present the geothermal sciences are far 
U 

from the maturity t h a t  o i l  reached several decades ago. 

DOE programs are we1 1 planned and we1 1 founded. The resulting reports 

Happily, 

are numerous, adding to  the fact f i n d i n g  and theoretical knowledge. 

Bu t  we are perplexed or discordant on many points: 

h i g h  percentage of the "NO Judgment" answers. 

Y 

hence, the 

( b )  Your survey has been centered i n  the geothermal electricity production. 
J 

I t  is a very important sector of u t i l i z a t i o n  of the geothermal energy. 

In. this sector, by my experience, there i s  not  a scarcity of 

scientists or engineers. The o i l  industry, the main factor i n  this 

field, can provide the necessary manpower relatively easy. After 

one year of work, a geologist, a geophysicist, a geochemist, and a 

petroleum engineer can carry o u t  the exploration, evaluation, and 

Y 

3 

, development tasks. Several consulting companies w i t h  good experience 

in the geothermal technology are working successfully on exploration, 

evaluation, development, drill i n g  , and power p l a n t  construction. 

Also the difficult ins t i tu t iona l  issues (environmental, legal, taxes) 

can be managed by the oil industry experts o r  by re1 iabl e consultants. 

J 

0 T h i s  optimistic opinion on the present availability o f  manpower 

of geothermal u t i l i za t ion .  Your survey does not  cover this sector. 

In my opinion,  space heating, agribusiness, and other uses of w 
h i g h  or  low enthalpy geothermal fluids should be more important than 

the power production. In these fields, Iceland obtained b i g  successes 

0 s ta r t ing  i n  the early  OS, and continues t o  improve and develop i n  

a very remarkable way. Russia, Romania, Hungary, Japan, New Zealand, 
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3 France, and some other countries are also very active. 

In our country, we can recognize only some limited act ivi ty  i 
I i n  Oregon, Idaho, and California. The Oregon Inst i tute  of Technology 

d (Klamath Falls) i s  providing very good basic research'work. 

However, manpower, as well as technological and industrial 

3 

development, i s  scarce and a serious effor t  should be made i n  t h i s  

very Important sector. 

geothermal energy may be i n  the future m r e  important than the power 

generati on. 

In my opin ion ,  the non-electric uses of 

I 3 (4 )  Because of the s t a t e  of development of  the industry, i ts  current 
1 

manpower needs are largely for geologists and geophysicists for 

exploration work and d r i l l i n g  engineers and trained d r i l l  i ng  crews 
u3 for  f ield development. As time goes on and commercial energy production 

increases, there will be increasing needs for reservoir engineers 

and chemical engineers to handle f ie ld  production, corrosion and 

scal i n g  problems, and fl uid disposal ; mechanical and el ectrical 

engineers t o  design and control power pl'ants and fl uid-dis t r ibut ion 

systems; and steam-fi tters, plumbers, power-plant operators, 1 inemen, 

etc. to  work w i t h  f l u i d  production, electrical -power generation, and 

hot-water, steam, and electr ic i ty  d i s t r i b u t i o n .  

3 
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THE 
UNVERSITY 
OF UTAH 

Apri l  4, 1978 

HUMAN RESOURCES INSTITUTE 

ROOM 412 
COLLEGE OF BUSINESS BULMNG 
SALT LAKE CITY. UTAH Wf12 
(BOl) 581-6121 

Dear S i r s  : 

P o s s i b i l i t i e s  of rap id  expansion i n  t h e  development of geothermal energy 
resources  have focused a t t e n t i o n  on the  po ten t i a l  manpower requirements of 
such development. 

The Department of Energy has asked us t o  conduct a survey of employment by 
occupation i n  geothermal r e l a t e d  a c t i v i t i e s  during 1977 a s  a base from which 
to  p ro jec t  manpower requirements to 1985. 

As a supplement to  t h i s  i nves t iga t ion ,  w e  are examining technology develop- 
ments i n  t h e  geothermal indus t ry  i n  order  t o  take i n t o  cons idera t ion  break- 
throughs or impediments t h a t  may inf luence our manpower assessment and 
fo recas t .  
time i n  rep ly ing  to  the  enclosed questions.  P lease  f e e l  f r e e  t o  a t t a c h  any 
comments t h a t  you th ink  may cont r ibu te  t o  our  understanding of geothermal 
technology developments (e.g., names and addresses of  ind iv idua ls  you f e e l  
we should contac t  for a d d i t i o n a l  information).  

Toward t h a t  end w e  would g r e a t l y  apprec i a t e  a few minutes of your 

I 

Sincerely,  

I R.L. Hannah 
Research Economist 

RLH: g l  

Encl s . 



. Name Areas of Expertise (x) 
Resource exploration and appraisal  - . 

Address Reservoir development - 
Energy conversion - 
Environmental - 
Other (please l i s t )  

J 

Office Phone 

J 
What have been the  major inventive o r  innovative breakthroughs i n  geothermal technology 
i n  the  last f i v e  years? 

3 What do you consiLer t o  be current  ,ottlenecks i n  technology development (capable of 
being solved by 1985) t h a t  would require  the introduction of a new invention o r  
innovative technique? 

3 
I 

cr) What technology t h a t  is not y e t  commercially f eas ib l e  do you expect t o  become commer- 
c i a l l y  usable by 1985 (i.e., t o  t h e  extent  t ha t  it w i l l  generally replace current  
methods) ? ~ 

@ 

Would you be wi l l i ng  t o  pa r t i c ipa t e  i n  follow-up questioning? Y e s  so- 
By written correspondence By telephone By personal interview 

Additional comments (Please use back i f  needed): 

W 
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I 

(3 
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May 18, 1978 
Ir, 

W 

Dear Si r :  

As was mentioned i n  our l e t t e r  of April 
nological developments i n  the geothermal industry. The Department of Energy 
has asked us to  estimate manpower requirements by occupation up t o  1985, 
assuming D.O.E. development scenarios for the geothermal industry. 
ledgeable assessments o f  technological progress are necessary as a basis for 
such employment projections . 
Since we have not yet  heard from you, we would very much appreciate your reply. 
A second copy of our questionnaire is being enclosed i n  case you have mis- 
placed the first. 
dealing w i t h  a select  group of experts. Your help will be greatly appreciated. 

Y , 1978, we are inves igating t,,h- 

Know- 

V 

I 
Each person's response is considered v i t a l ,  since we are 

0 Si  nceret y , 

z u  
Richard Hannah 
Research Economist 

0 
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V 

W 

Dear 

V We apprec,ated very much rec 

HUMAN RESOURCES INSllNTE 

COLLEGE ROOM 412 of BUSINESS WLDlNG 

SAL1 LAKE CITY. UTAH 84112 [sac) 581-6127 

/ 

i v i n g  your response t o  our Delphi Survey of t he  
s t a t e - o f  t h e  art  of technology development i n  t h e  geothermal industry.  
i n i t i a l  correspondence of Apri l  4, 1978 t o  appEoximately one hundred experts  
i n  various geothermal r e l a t ed  a c t i v i t i e s  has resu l ted  i n  b e t t e r  than a f o r t y  
percent usable response rate. 
as cont ro l l ing  f ac to r s  are presented i n  the  enclosed questionnaire f o r  a second 
round of evaluat ion i n  hopes t h a t  some concensus may evolve. 
comments from o the r  miscellaneous c l a s s i f i c a t i o n s  have been l i s t e d  under the  
caaegolp with which they appeared t o  be most c losely associated.  

W e  ask t h a t  you please respond to  these r e s u l t s  based on t he  following ques- 
t i o n  and explanation: 

Our 

The responses have been edi ted and what emerged 

For s impl ic i ty ,  w 

v 
Given your area of spec ia l iza t ion ,  w i t h  what probabi l i ty  do you expect 
advancing technology t o  enable t h e  f ac to r s  l i s t e d  t o  make a s ign i f i can t  
contr ibut ion t o  t he  geothermal industry by 198S? 

Signi f icant  contr ibut ion cannot be prec ise ly  defined o r  quant i f ied,  bu t  any 
technica l  development which (a) removes a ser ious  technical  impediment t o  the  
development of geothermal energy resources,  (b) contr ibutes  subs t a n t i a l l y  t o  
t h e  so lu t ion  of unresolved problems in t h e  production, development o r  p r a c t i c a l  
use of geothermal energy, o r  (c) contr ibutes  d i r e c t l y  and subs t an t i a l ly  t o  an 
increase  $XI the  production and p r a c t i c a l  appl ica t ion  of geothermal energy can 
be considered t o  be  making a s i g n i f i c a n t  contr ibut ion.  

W e  ask that you please respond a t  your earliest possible  convenience. 
continued support of our Delphi Survey of technology developments in the  geo- 
thermal industry is grea t ly  appreciated.  

Sincerely,  

0 

v 
Your 

3 

Xichard Hannah 
Research Economist 

W 

w.: g l  
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I V .  Energy Conversion 
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