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As the Nation takes steps b develop alternative energy sou~ces, it 

is important to &der the possible barriers ~ the developnent and use 

of these sources. One of these barriers may be insufficient nunhrs of 

professional, technical and skilled workers, which  a x l d  reflect a national 

sbrtage in specific occupations, an industry-wide shortage of personnel 

trained in the particular skills of that industry, or a geographic shrtage 

at regional or local levels. 

future personrsel requirments, industrial organizations, education and 

training institutbns and others oonslderlng initiating or deferring programs 

or actions affecting the supply of trained workers may have a mre rational 

basis for their deds3ons. 

By having information on current and estimated 

We wish to acknowledge the assistance and suppart of organizations 

in industry, e d ~ ~ a t i 0 ~ 1  ht i tut ions,  and goverment agencies involved in 

geothermal activities which provided the Unimsity of U t a h  with m h  of the 

basic data required far carryl~ig * out this study. 
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L ,  

EXECUTIVE E334MARY 

In  order t o  develop a more complete picture of the magnitude of man- 
power involvement in and manpower needs of industries associated with energy 
production, the Department of Energy has funded a number of manpower assess- 
ment projects. The Human Resources Ins t i t u t e  at the UnXve 
requested by the Division of Labor Affairs and Manpower Assessment, Office 
of Education, Business, and Labor Affairs -- Department of Energy t o  conduct 
t h i s  manpower assessment of the geothermal industry. 
of this project were to: 

f U t a h  was 

The specific purposes 

(1) derive a base l ine  estimate of the manpower involved i n  
geothermal ac t iv i t ies ,  

(2). determine if there is any current o r  impending likelihood 
of skill shortages, 

(3) forecast  future employment i n  the geothermal industry, 
(4) conduct a technology assessment t o  ascertain the possibi l i t ies  

of some sudden breakthrough, and 

suggest alternatives commensurate with the findings 
that might assist in meeting manpower requirenents. 

(5) 

The following are the summarized findings of the study, 

Geothermal Employment 

1. A t o t a l  of 40,082 person months of employment were estimated 
on the basis of m a i l  surveys and personal interviews t o  have 
been generated i n  geothermal ac t iv i t i e s  during 1977. 
many persons worked part  of the year i n  geothermal activities 

and part i n  other ac t iv i t ies ,  t h i s  employment involved an 
estimated equivalent of 3,340 full-time persons. 
The manpower was employed by an estimated 697 private firms, 
public agencies, and educational insti tutions.  
Geothermal ac t iv i ty  is highly concentrated, the 20 largest  
employers'reporting accounting f o r  52 percent of the reported 

Since 

2. 

3. 

employment. 

x i i  
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W 4. Geotherma i e s  comprise o r  proportion of the t o t a l  
of the orga ions involved, For private 

eothermal ac t iv i t i e s  represented only 0.23 
percent of t he i r  t o t a l  employment. 
Research and development accounted f o r  23.8 percent of a l l  of 
the manpower involved i n  geothermal ac t iv i t i e s  with resource 
exploration and assessment comprising approximately one-half 
of the R & D involvement. 

5. 

percent of a l l  measured employment was i n  the sc ien t i s t s  
engineers occupational cate 

Current and Potential  Stringencies 

1. Employers . _  reported d i f f i cu l t i e s  in recruit ing geologists, 
geophysicists, reservoir engineers, environmental engineers, 
and d r i l l  r i g  personnel. 

2. D r i l l  r i g  personnel appeared t o  be a problem because of the 
undesi-ble characteristics of the job, but the others were 
.viewed as i n  .shor 
national -level. 
There did not appear t o  be specific occupations which w e r e  

of strong demands on a 

3. 
ewed as unique t o  

trend is f o r  modifi 
t o  the uni c t e r i s t i c s  of .f.h eothermal resource. 

e geothermal industry. 
ion-of existing skills 

Forecasts of occupational category are 
the follow- 

ments of significance f o r  manpower demand. 
that technology must advance i n  several areas i n  order t o  expand ut i l iza-  
t ion of.  the resource, but slow, steady advance is more t o  be expected than 
any *tic breakthrough. 

The essent ia l  conclusion is 

@ b.lr Therefore, it does not appear that an 



TABLE 1. 'EMPLOYMENT FU3SULTING DIRECTLY FROM 
COMMERCIAL ELECTRICAL ENERGY PRODUCTION 

Net Employment Gains 1980-1985 (new hires) 
Minimum 
11,802 

Maximum 

32 9 339 

Net Employment Gains 1986-1990 (new hires) 

Minimum Maximum 
37,073 101,482 

e t  ,Employment Gains 1980-1990 (new hires)  
Minimum 

48,875 

TABLE 2. EMPLOYMENT F'ROM ALL OTHER 
GEOTHERMAL ACTIVITIES 

N e t  Employment Gains 1980-1985 (new hires) 

Minimum M a x i m u m  

18,883 51,742 

Net Employment Gains 1986-1990 (new hires) 
Minimum I M a x i m u m  

59,317 162,371 

. I >  N e t  Gmployment Gains 1980-1990 (new hires) 
M i n i m u m  M a x i m u m  

t 78,200 214,114 
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unanticipated surge i n  manpower demand w i l l  r e su l t  'from rapid application 
bj of new technology. 

Summarized Conclus 

eothermalactivity can be quite apt ly  described as an infant 
industry i n  a developed economy. It has been characterized by a large 
number of inst i tut ional ,  technological, and market uncertainties. But 
there is still a small segment of the ac t iv i ty  which is well established 
because of long-term involvement a t  development s i t e s  i n  California 
(especially a t  The Geysers i n  Northern California and a t  Imperial Valley 
i n  Southern California), and t h i s  segment forms a rather  stable core of 
continuous act ivi ty .  

Most of the remainder of the ac t iv i ty  occurs in firms of a l l  s izes  
Many of these firms are highly active which are only marginally attached, 

i n  other energy industri  
creating a separate geotherma 

es  having the capabili ty of 

t r y  tends t o  be equally 
d r i l l i ng  f i r m  may be work- 

ing on a geothermal proje 
next. This mobility of ces has been desirable 
since the ac t iv i ty  is  not on a continuing 

month and i n  the petroleum industry the 

- .  
ture enough t o  suppo 

e number of era1 firms which ha s far become 

Even if geothe loyment growth 

mal impact w i l l  be minimal. However, 

the national 
a1 or long-term 1 impact One is 



Suggested Alternatives. 
1. The mostderious manpower problems that  are l ike ly  t o  emerge 

i n  geothermal ac t iv i t i e s  are i n  certain sc i en t i f i c  and 
engineering occupations. 
effectively compete i n  the national market because they must 
absorb the costs of training and orienting new recrui ts  t o  
geothermal's special  characterist ics,  whereas educational 
inst i tut ions perform that  service a t  public expense for  the 
o i l  and gas industries. 
widespread exploitation of geothermal resources is the probable 
reason fo r  t h i s  neglect. 

* I  

Firms complain tha t  they cannot 

The unlikely prospect fo r  rapid and 

Those organfzations and governmental inst i tut ions which 
have the greatest  fnterest  f n  geothermal development should 
consider ffnancial  support t o  expand the number of geothermal 
courses offered a t  a f e w  universit ies located i n  the western 
states. 

fnvestment, though resource-short educational inst i tut ions 
are unlfkely t o  see th i s  as a hfgh priority.  
offerfng does not appear desirable because the basics are 

general t o  many scfentff ic  and engineering areas. 
able t o  draw from a pool of college trained manpower that has 
already Been oriented t o  geothermal ac t ivf t fes  and has 
recefved specfal trainfng courses, geothermal employers 
should B e  i n  amore cmpetf t ive position fo r  recruit ing 

Demand should be sufffcient t o  ju s t i fy  modest 

A f u l l  degree 

By being 

relative t o  other energy industries. 
Because of the re lat ively s m a l l  s ize  of the geothermal 

development and because of the likelfhood that  i t s  s i ze  
relatfve t o  other energy industries wf l l  not be dramatically 
altered f n  the next ten years, no other suggestions specific 
t o  geothermallnanpower are made or seen. 
w i ' l l  emerge are associated with remote s i te  developments. 
But these are of a short-term duration, and thus far the 
large fllrms involved i n  bringing power plants on l i n e  have 
demonstrated an ab i l i t y  t o  transfer ski l led labor and other 
personnel as needed. 

Other problems that  



W 
2. It is  imp0 l e  t o  grasp the  

r e l a t ive ly  new industry with a one tudY* A m a i l  

t two or three 
year in te rva ls )  would help define the changing nature 

of the a c t i v i t y  and the  manpower s t ruc ture  which con- 

sequently evolves. 

s ince the information base is  now w e l l  established. 
A more general approach t o  a rat ional ized manpower 

information system f o r  the  energy industr ies  would involve 

development h i s to r i e s  of the several  energy industr ies .  

Coal, oil, gas, nuclear, geothermal, and so la r  range from 

the w e l l  established t o  the novel. Occupational s t ruc ture  

i n  these industr ies  could be examined a t  various stages of 

development i n  order t o  determine common trends. With the 

numerous studfes t h a t  have been done over the  years 

su f f i c i en t  documentation probably already exists f o r  such 

an e f fo r t ,  which should be a s igni f icant  s tep  forward i n  

developing a conceptual framework f o r  fu tu re  manpower 

research. 

which empirically oriented s tudies  do not ant ic ipate .  

Finally,  decision makers could draw upon a synthesis of 

pas t  s tudies  i n  order t o  more accurately define areas  of 
needed research and t o  develop a general manpower 

. survey conducted periodically (per 

This could be done a t  minimal cost  

3. 

It should a l s o  be helpful  i n  foreseeing changes 

information system. 

x v i i  





Chapter 1 

INTRODUCTION AND METHODOLOGY 
I 

I 

I Introduction 1 
I 

Increased emphasis on the developnent of a l ternat ive energy systems 
i n  the United States  has led t o  the investigation of a number of related 
problems. 
geothermal industry. 

(1) 

( 2 )  

(3) forecast  future loyment i n  the geothermal industry, 
(4) conduct a t e c h  assessment t o  scertain the possibi l i t ies  

( 5 )  sunnest alte es commensurate with the findings. 
Since no previous 

T h i s  report is directed at assessing the manpower needs of the 

The specific objectives were to: 
derive a base l i ne  estimate of the man 
geothermal activities, 
determine if there is any current o r  impending likelihood 
of skill shortages, 

involved i n  

I 

of some sudden breakthrough, and 
I 

undertaken t o  e 
~ 

I issues, there is no substantial  t h  which the re 

report  can be compared. However, 

our understanding of c 

the objectives mentio 
the r e su l t s  of the pursuit of 

s hoped that t h i s  first e f f o r t  w i l l  

8 summarizes the alte 

j - .  

. The first procedural objective of t h i s  study was t o  identify all 

. ?  

. The first procedural objective of t h i s  study was t o  identify all 
public and private organizations which were potentially involved i n  geo- 

thermal ac t iv i t i e s  during 1977. 
mail survey was directed. The sources u t i l i zed  t o  construct the mailing 

This constituted the universe to  which the 

b) 

1 



2 

lists were mainly go'vernmental and geothermal organizations, 

organizations which had been represented a t  conferences o r  had inquired 

concerning geothermal pol ic ies ,  programs, a c t i v i t i e s ,  o r  po ten t ia l  and were 
not  necessarily d i r ec t ly  involved i n  geothermal a c t i v i t i e s .  Thus, the 
mailing list contained the poten t ia l  f o r  a considerable overestimate of the 
universe, and the first round of the mail survey was designed t o  ident i fy  

those who were o r  were not  appropriately par t  of t h a t  universe. 

These included 

A t o t a l  of 1,527 organizations comprised the o r ig ina l  list of those 
Each of these t h  some in t e re s t  o r  involvement, no matter how peripheral ,  

organizations was sent  a questionnaire which asked whether o r  not they 

employed people i n  geothermal a c t i v i t i e s  i n  1977 and requested general man- 
power information by type of geothermal a c t i v i t y ,  an appropriate contact 

person if the  organization w a s  wi l l ing t o  par t ic ipa te  f u r t h e r  i n  the study, 

and a list of subcontractors which were engaged i n  geothermal a c t i v i t i e s .  
A l l  organizations which d id  not respond t o  the i n i t i a l  mailing received a 
follow-up mailing, O f  the t o t a l  number of organizations not  responding t o  

e i t h e r  mailing, approximately half were selected f o r  a telephone survey t o  
determine reasons f o r  nonresponse and t o  attempt t o  obtain the necessary 

information. 

The organizations which provided manpower estimates and indicated 

a willingness t o  par t ic ipa te  fu r the r  i n  the study were divided in to  two 
groups. The first group was personally interviewed i n  an e f f o r t  t o  obtain 
comprehensive information necessary t o  construct a forecast ing model, t o  

define the occupational s t ruc ture  i n  various phases of geothermal deve lop  

ment, and t o  determine if there were current o r  po ten t ia l  s c a r c i t i e s  of 
labor  which could be ident i f ied  by specif ic  occupational categories. 

Only firms i n  the private sec tor  were selected f o r  the  personal 

interview phase since pr ivate  e f f o r t s  a r e  assumed t o  be the key t o  continued 

geothermal development. Two other  c r i t e r i a  were of major importance. One 

was that the firms should be representative of the several  geothermal ac t iv i -  

t i e s  which had been ident i f ied.  The second was t h a t  only the large employers 
would be interviewed. 
of approach f o r  the following reasons. 

This last c r i t e r ion  was considered the  bes t  avenue 

1. 
- 

Research had indicated that a few large firms formed the 

core of w h a t  could be defined as a geothermal "industry," 

and these firms a r e  the impetus behind the major current 
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a@ projected geothermal projects i n  the United States. W 
, Therefore, it imperatave tha t  

as possible s be interviewed 

2. ,The indications are.that firms othermal develop- 
ment are not randomly distributed geographically,.or i n  terms 
of magnitude of involvement i n  geothermal ac t iv i t i e s  i n  rela- 
t ion t o  human resources o r  other types of resources. 
a random selection of participants f o r  the personal interview 
survey would i n  a l l  likelihood have produced considerably less 

Therefore, 

s ,  and the surveyor's 

l a t ive ly  small number of firms in- 
also because the major 

estimate is 

involved i n  

s and an estimated 
the private sector. 

Since geothermal a c t i v i t i  
groduction and continued geolhermal d hd 
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w s  conducted t o  de t eMne  the likelihood of dramatic technological break- 
throughs. 
path of growth of geothermalactitrlties. 

The zesul ts  allowed a be t te r  interpretation of the probable 

Finally, in order t o  develop a forecasting model, a hypothetical 
power plant was constructed with attendant manpower requirements. 

these requirements were based on the findings f r o m  the personal interview 
phase of the study which thus provided an empirical basis f o r  the forecast. 

However, 

Nonresponse 

In  order t o  qualify the estimate of employment f o r  the baseline year 
and t o  develop more confidence i n  the measured employment, it is necessary 
t o  address the problem of nonresponse. The following discussion describes 
how the problem was handled i n  the context of t h i s  study. 

Only 489 of the 1,527 organizations comprising the original mailing 
lists responded that they had been involved i n  geothermal activities in 

19'77. An 
additional 200 could not be contacted by e i ther  mail o r  telephone, apparently 
being no longer i n  existence. 

A t o t a l  of 363 responded that they had not been so involved. 

T h i s  leSt an apparent nonresponse of 475. 
A determination was made t o  call  every other organization on the 

list of nonrespondents; however, telephone numbers were not obtainable f o r  
65 organizations. 
outcome: 

The ultimate resu l t  was 202 calls with the following 

202 ' Contacted by telephone 
58 (28.7%) Responding tha t  they were not i n  the industry 
32 (15.%) Providing the requested manpower data 

112 (55.4%) Not willing t o  participate,  not returning 
telephone messages, etc.  

This brought the t o t a l  of organizations engaged i n  geothermal 
ac t iv i t i e s  t o  521 and those on the or iginal  list not so engaged t o  621, 
with 385 in doubt, 273 of which were not included in the telephone survey, 

and 112 of which refused t o  respond. Thus the t o t a l  response rate f o r  the 
potential  universe (those engaged plus those unknown) was 57.5 percent. 
the 385 not contacted were distributed between engaged and non-engaged in 
geothermal ac t iv i t i e s  in the same r a t i o  as those who responded t o  the 

If 

various mail and telephone surveys, the t o t a l  universe of geothermal I.: 
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ns would comprise 697 and the response rqte  would be 74.7 
5 c' 

W 

O f  the 521 respond 448 provided us ower data. Thus 
the data base f o r  much of t h i s  report is constructed on usable returns from 
64.3 percent of the apparent universe, 

The t o t a l  person months of-geothermal employment generated by the 
s ize  of the 176 organizations'likely t o  have had geothermal ac t iv i ty  but 

not responding t o  the surveys can,be estimated from three sources. 
F i r s t ,  the respondents from the i n i t i a l  mailing can be compared 

Given the matrix format with the respondents t o  the follow-up mailing. 
u t i l i zed  i n  designating involvement of manpower by various ac t iv i t i e s  and 
phases, the numerous ways of cross-classifying tKe resu l t s  precludes dis- 
cussion i n  every area. 
be summarized by'examining the respective sums of person months by activi-  
ties. Table 3 i l l u s t r a t e s  these 

However, the distribution of the two groups can 

FOLLOW-UP RESPONSES BY 

I n i t i a l  Response Follow-up Response 

%is category means t h a t  t i t y  of person months given 
was not specified by tme of activity 
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Note that the number of respondents i n  the follow-up 
approximately l/3 of the number i n  the i n i t i a l  response category. 
two groups are  from the same population, one would expect a t  l ea s t  a loose 

correspondence of the same proportions i n  person months i n  each ac t iv i ty  
or  in a l l  ac t iv i t i e s  combined. 
important ac t iv i t i e s  which a re  serious exceptions -- plant design and 
construction and e lec t r ica l  energy production. Also, the means f o r  each 
response group f o r  the t o t a l  of a l l  ac t iv i t i e s  a re  77.5 f o r  the i n i t i a l  
and 82.6 f o r  the follow-up, the opposite r e su l t  required t o  f o r t i f y  the 
conclusion tha t  the nonrespondents do noi contain serious omissions of 
data. 

If the 

The table reveals that there a re  two 

However, viewed another way the above i l l u s t r a t ion  points out the 
controlling nature of a few large firms. 

responses reveals that - one organization with a t o t a l  of 2,400 person months 
happened t o  f a l l  i n  the follow-up category, 
sponded t o  the i n i t i a l  mailing, the r a t io s  would have been more favorable -- 
i .e.,  means of 85.4 f o r  the i n i t i a l  and 60.8 f o r  the follow-up mailing. The 
methodological point is that  the unique character is t ics  and r e s t r i c t ive  size 
of the geothermal industry do not lend themselves t o  a s t r i c t l y  quantitative 
approach. 
processes may be open t o  serious question. 
why we elected t o  survey the en t i re  potential  universe ra ther  than r e ly  on 
any type of random sampling procedure. 

Examination of the individual 

If t h i s  organimtion had re- 

I n  other words, i n  t h i s  case the assumptions underlying random 
This is one of the main reasons 

The second body of evidence relat ing t o  the s ize  of firms i n  the 
nonresponse category comes from the telephone survey. 
average number of person months was 35. 
i n  contrast t o  the means calculated from the i n i t i a l  and follow-up m a i l  

responses. 
attachment i n  terms of manpower devoted t o  geothermal activities. 

it seems reasonable t o  assume tha t  the mean calculated from the telephone 
survey is most representative of the t o t a l  number of nonrespondents which 
a re  assumed active i n  geothermal ac t iv i t i e s ,  

I n  t h i s  case the 
This is certainly a dramatic drop 

It indicates that the nonrespondents maintain a more marginal 

Therefore, 

The third qualification of the s ize  of the nonrespondents comes 
from the first-hand experience of long-term ef for t s  i n  identifying 

‘1,120 t o t a l  person months +- 32 organieations providing data. 



7 

organizations in the industry and in continuously seeking information about 
geothermal activities. Given the relatively small number of organizations J W  

with geothermal devel nt, it is possible to become quite 
familiar with the industry struc and its participants. This knowledge 
reinforces the conf id 
this report. There however, reservations in the following areas: 

en& is expressed in the results pertaining to 
the government sector (federal, state, and local) because 
of the pyramiding structures of organization which are 
likely to lead to some cases of double counting and 
omissions, 

. "  
surements and estimates contained in 

3 .  - 

1. Less c 

2 .  Involvement of educational institutions is difficult to 
measure because of the nature of research contracts and 
the many different types of scientific and engineering 
expertise required to support basic and applied research. 
The distribution of such personnel may vary considerably 
in different universities, thus making it quite difficult 
to identify the appropriate department or research institu- 
tion to which inquiries should be addressed. 
The surveyor's greatest familiarity is with the private sector. 
Therefore, the important firms which failed to respond to 
inquiries became obvious. 
employer was not responsive to any type of contact. 
There were other smaller employers which were also in this 
category, 

~ 3. 

It is thought that only one large 

Estimate of Total Employment 

This estimate is derived from combining the total measured employ- 
ment (33 ,922 person months) with the additional employment estimated to be 
generated by the group of nonrespondents. 
from the following procedure. 

The latter estimate is derived 

As shown in the discussion above, the number of potential 
nonrespondents estimated as likely to be involved in geothermal activities 
but - not responding was 176. The telephone survey revealed that the mean 

w 
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employment of the organizations providing data was 35 person months. 
Assuming that this mean is most represent nonrespondents 

the procedure is simply to multiply the number of nonresponding (176) 
by the average number of person months for responding organizations 
to obtain 6,160 person months, This is the estimate of the additional 
employment which is generated in the nonresponse category, and when it is 
added to the total measured employment, th 
in geothermal activities is 40,082 person months, 

ive of this group .' 

stimate of total employment 



DETAILED BASELINE EMPLOYMENT INFORMATION 

, Introduction 

This phase of the study consisted of three initialmailings, a 
f inal  m a i l i n g ,  and follow-up mailings f o r  each category. 

l i ne  (1977) estimate of e 
objective of surveying m t e )  which were 

known t o  be involved o r  potentially involved in the geothermal industry. 
The biulk of the mailing list -was compiled from such sources as the Geothermal 
Resources Council's Geothermal Reg i s tq  a63 the 
(1977/78, edition) , which 

The investiga- 

t ion  was designed t o  provide the bulk of information necessary f o r  a base- 
. 

organizations responding t o  the ques- 

participants. 

request wits made t o  t h  m one t o  two hs after the 
first mailing. 

picture of manpower involvement i n  the geothermal industry by the various 
types of ac t iv i t ies .  Given the large 
be cross-classified, a decision was 
descriptively the most important and interesting comparisons. 

9 
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Responses by Organizational Type 

The 1,527 questionnaires mailed and response rates are categorized 
by the type of organization in Table 4. 
types of organizations that could not be s t r i c t l y  categorized as a govern- 
ment agency o r  educational ins t i tu t ion  were included i n  the private sector. 

Note tha t  a l l  nonprofit o r  other 

TABLE 4. RESPONSES BY ORGANIZATIONAL TYPE 
2 F  

T o t a l  Mailed % of Total  Response Rate 

Private fip o r  individual 1,215 79. @ 53.6 

Federal government 70 4.6% 70.9 
Educational L s !  lo.% 65.5 

Sta te  o r  local  government 88 5% 74.2 

Total 1,527 100. 0% 

There were 448 Organizations which provided manpower estimates by specific 
activities f o r  197.  
geothermal a c t i v i t i e s  was from 2,725 person months t o  one person month (all  
quant i t ies  greater than .5 were rounded t o  one). 
types taken together the top twenty organizations account f o r  32.02 percent 
of a l l  person months measured i n  the survey. 
accounted f o r  13.48 percent of the t o t a l ,  educational ins t i tu t ions  accounted 
f o r  3.31 percent of the t o t a l ,  and the private sector accounted f o r  35.23 per- 

The range of employment by organizations engaged i n  

With a l l  organizational 

O f  these the federa l  government 

cent of the to t a l .  The following figures lend more perspective t o  the degree 
of concentration. 

Number of 
Organizations 

21 

19 
8 

11 

30 

79 
280 

Percent of Total  
Measured Manpower 

> 1  
- > . 5 a n d < 1  
> - .4 and < .5 
> - .3 and < .4 
> .2 and < . 3  
> .1 and < .2 

< 

- 
- 

Mean Employment 
(person months) 

859.8 
216.2 
154.6 
116.9 
€94.4 
44.7 
10.6 
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A s  was pointed out earlier, there was con l e  diff icul ty  in 
avoiding duplication of data the  same organi n a t  different  
addresses or  even different  izations a t  the address. The basic 
cr i te r ion  was t o  count diffe mailing addresse different  organiza- 
t ions,  but t h i s  was conside modified as various cases warranted. This 
method 

individual. 

u 

a.rs t o  have worked best f o r  the catego 
2 

f private f i r m  o r  

It wa:'also possible t o  determine that most of the educational 
ins t i tu t ions  responding were various academic depar&ents o r  special  

. 

research inst i tut ions.  
i n  t h i s  category wil12also .t'end-to be a s l igh t  overstate 
than one department o r  r e s  

surviy in this area wits 

g r a m s  and graduate programs. 

Therefore, the number of organizations indicated 

n surveyed f r o m  
e university o r  o Also, the 

year degree. pro- 

The complex and 

loca l  levels  introduces 
not duplication of d a t a  

ents  by telephone. 
A problem i n  surv 

needed info 
d of aggregation considerably 

n t  organizations which were being 

roduced i n  the above discussion, it 

t uncertainty is mini i n  the most important area, the 
r data provide only a static picture 

i c  industry i n  terms of entry and exit 
sparse (as indicated in the personal 

appears to .& a ra ther  

interview phase and correspondence w i t h  past and potent ia l  industry 

'The term, private individual, i n  most cases means a consultant. bd 
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TABLE 5. 1 ,  FLOYMENT DATA BY ORGANIZATIONAL TYPE s 

, Number of Organi- Mean Median 
zations Providing (person (person 
Employment D a t a  months). months) 

A l l  organimtional types 448 75.28 20.00 

Private firm o r  individual 307 76.71 20.00 

State  o r  local  government 39 " 19.74 12.00 
Federal government 33 170.17 30.00 
Education 69 56.52 22.50 

par t ic ipants) ,  it seems that the,  p rof i t  incentive coupled with a perception 
of industry s t a b i l i t y .  (which i n  turn was dependent on solutions t o  ins t i tu -  

- t i o n a l  problems) is the driving force behind t h i s  movement. 

Private Firms and Individuals 

The range of employment-in the private sector  was from 2,400 person 
months t o  one person month (all quantit ies greater  than 0 - 5  were rounded to 

1.0) . 
of employment i n  the private sector,  and j u s t  over half  the employment, 
50.19 percent, is derived from only eighteen firms. 
t ion i n  the private sector is as follows. 

I n  t h i s  category the top twenty firms accounted for 57.18 percent 
. 

The complete distribu- 

Number of 
' Firms 

20 
22 

9 
17 
21 

53 
165 

Percent of Manpower i n  Mean Employment 
the Private Sector (person months) 

> 1  - 673 3 
> - .5 and < 1 159.2 
- > .4 and < .5 101.4 

55.3 
33.7 
7.3 

. I . ,.. , ., . . . ... .I . . ,  . *  



Of the 307 firms providing estimates, 114 have 12 person months 
' o r  less (i.e., , the full-time equi n t  of one persbn per year or less) .  

This i n  part i l l u s t r a t e s  the low degree of attachment of many firms and 
ividuals t o  the indust ny of the largest  employers a lso are not 
ed i n  the industry as imary ac t iv i ty  t have created separate 

geothermal departments which i n  many cases represent only a small portion 
of the firm's t o t a l  employment. 

S ta te  and Local Governments 

The 39 organizations responding i n  t h i s  category were concentrated 
i n  the western s ta tes ,  
structure a t  these levels, especially i n  the leasing, environmental, and 

regulatory ac t iv i t ies ,  it is probable tha t  the survey did not include 
some agencies. c ies  tha t  could be 
d i rec t ly  iden t i f i  with geothermal a c t i v i t i  wever, t o  have attempted 
t o  trace a l l  gove 
industry would itself probably have consumed most of the survey resources. 

Because of the lack of uniformity of government 

It was attempted t o  survey a l l  

n t  organizations tha t  a rec t ly  involved i n  the 

The range of employment in t h i s  area w a s  from 82 person months t o  
one person month (a l l  quantit ies greater than 0,5 were  rounded to 1 ,O) . 
I n - t h i s  category the seven largest  agenc ounted f o r  9.31 percent 
of the geothermal related employment. 
as follows. 

A more thorough distribution is 

Number of 
Agencies 

25 
8 

Percent of Manpower i n  
State  & l o c a l  Government 

,. 

Mean Employment 
(person months) 

29.5 
5.6 
0.0 

Federal Government 

. 2.7 
2.0 
1.0 
0.0 . 

5 

O f  the 33 federal government organizations responding, one accounted 
f o r  47.84. percent of the employment measured i n  the survey. There were 

I 
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u seven with greater than one percent employment i n  t h i s  sector, and the 
cumulative t o t a l  f o r  these eight respondents was 90.96 percent. The follow- 

ing is a more complete distribution. 
I 

Number of Percent of Manpower 
Agencies i n  Federal Government 

> 1  
> .5 and < 1 

7 - 
- 11 

0 
1, 

- > .4 ana < .5 
- > .3 and < .4 

- > .1 and’< .2 
4 ~ > - .2 and < . 3  
4 
6 < .1 
. 

Higher Education Inst i tut ions 

A t o t a l  of 69 colleges provided estimates f o r  
half (9.0 percent) of the t o t a l  educational manpower 
seven largest  respondents. The f i n a l  dis t r ibut ion is 

Number of Percent of Manpower 
Colleges i n  Educational Ins t i tu t ions  

Mean Employment 
(person months) 

740 .-1 
41.0 

0.0 

20.0 

13.3 
6.3 
2*5 

the survey. Over 
is at t r ibuted t o  the 

as follows. 

Mean Employment 
(person months) 

24 
16 
1 
8 

5 
8 

7 

135 8 
44.3 
18.0 
11.4 
8.2 

5.0 
2.1 

0 

Analysis by Activit ies and Phases of Development 

The first i n i t i a l  mailing asked organizations t o  ident i fy  t h e i r  man- 
power involvement by one (or  more) of seven general a c t i v i t i e s  o r  to list an 
activity if none of the others were appropriate, I n  addition, under the 

general ac t iv i t i e s  the organizations were asked t o  list subcategories of 
specialization. This approach led t o  a large number of varied responses, 
which were then condensed into more rat ional  categories. 
shown on the matrix on the next page (Figure 1). 

Ladl The result is 
A smaller version of t h i s  
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matrix was used in the two subsequent initial mailings. A discussion of the 
matrix and definitions of the terms used can be found in the appendix. 
ever, note that the discussion which follows will center on geothermal activi- 
ties (underlined as topic headings in the text) with appropriate responses t o  

How- 

phases of development within given activities (see Figure 1). 

Distribution of Person Months by Activities and Phases 

' The matrices on the following pages (Figures 2 through 6) give a 
descriptive view of how manpower is allocated in the industry by the four 
organizational types combined and by each organizational type separately. 
Rather than have several different discussions of the various activities and 
phases by organizational types, each activity will be discussed in depth only 
one time, and appropriate comments will be included which pertain to the type 
of organizations responding and to the particular phase of development. 
concentrating on the more important aspects of manpower 
industry, It is hoped that a deluge of comparisons that are only of minor 

By 
location in the ' 

importance can be avoided. . ?  

Resource Exploration and Assessment (Excluding Drilling) 

Nearly one-third (30.4 percent) of all- manpower measured in the 
survey was engaged in resource exploration and assessment (excluding drill- 
ing), the highest allocation of manpower in any activit 1977. This high 
manpower concentration not only reflects the labor intensity of this activity 
but also the necessity of it as a prerequisite for further industry develop- 
ment. That is, it emphasizes the infant nature of the industry. It should 
also be noted that this is the only activity which correlated with every 
phase of development. 

The largest allocation (4,445 person months) in terms of the phase 
of development in this activity was in "research and development of materials 
and equipment." 
allocation was Federal government employment (2,334 person months), and it 
was more than double the manpower allocation of any other cell 

It is interesting to note that the largest portion of this 

the matrix 
pertaining to this activity from other organizational types. - ,  

The temporary on-site use of materials and equipment accounted for 

hed only 1,852 person months or 18..0 percent of the entire resource exploration 

and assessment activity. Even 'combined with the phases of "construction of 
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, 

LJ  permanent facilities" and "operation and maintenance of permanent facilities," 
the share is only raised to 22.2 percent of all resource exploration and 
assessment activities. 
support (in terms of manpower) needed to maintain on-site activities. 

This emphasizes the large amoung of direct and indirect 

Reservoir Design and Development (Excluding Drilling) 

Reservoir Design and Development (excluding drilling) activity has 
7.52 percent (2,552 person months) of the total estimated manpower. 
half, 1,020 person months, is allocated to research and development of 
materials and equipment, and'most of this R ti D is in the private sector 
(580 person months). 
18.4 percent of the employment in this.activity. 

Nearly 

Again, the direct on-site activities account for only 

Well Drilling and Drilling Services 

Well drilling and drilling services activity was the second largest 
activity and represented 18 percent of the total manpower. 
intensity of this activity is also reflected by the ratio of on-site efforts 

The high labor 

to total estimated manpower in the activity, 45.4 percent. 
are also substantial, 13.8 percent. 

The R 6 D efforts 

Plant Design and Construction 

Plant design and construction activity accounts for 9.0 percent of 
It is similar to well drilling in that the ratio of the total employment. 

on-site to total employment in the activity is quite high (63.2 percent) 
relative to other activities. 

Steam Production and Transmission 

The bulk of the steam production and transmission activity appears 
to be specifically designated to the construction of permanent facilities 
($.e., the reservoir feed system). 
(98.7 percent) concentrated in the private sector. 

Also, this activity is almost exclusively 
, 

Space Heating 

Space 
with only 319 

L; heating was the second smallest activity in terms of manpower 
person months given. This activity is also highly concentrated 



in rson months (or, 88.1 percent) 
bj 

,- .. 
Electrical Energy Production 

. An examinatlo f all organizations combined reveals that all phases 
of electrical energy production accounted for 6.5 percent of total measured 
employment with over half of the manpower concentrated in operation and 
maintenance of permanent facilities, 
cal epergy production is 8.1 percent, of the total, with the operation and 
maintenance of permanent facilities accounting for nearly two-thirds of the 
activity in the private sector, 

In the private sector only, electri- 

7 

Agricultural Applications / 

Agricultural application is another activity which is dominated by 
the private sector with 433 (of a total  of 613) person months employed i n  the 
private sector. 
development (197 person months) and construction of permanent facilities 
(176 person months). 

The major phases of manpower allocation are in research and 

e nonelectrical industrial activity 
his allocation is divided between 

R & D (55 person months) and "planning, impact, and feasibility studies" 
(30 person months). 

Environmental 

s indicated in the personal intervie phase and technology assess- 
nvironmental activity will be 

activity accounted for an 
f the total employment in 1977. 

research and development, planning, 
leasing, and land administration. 

Conclusions 

hd- The discussion until now has been oriented toward the distribution 
of by activities and has demonstrated that the five major 
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activities -- resource exploration and assessment, reservoir design and 
development, well drilling and drilling services, plant design and construe- b 
tion, and electrical energy production -- account for 24,161 person months, 
or 71.2 percent of all manpower measured in the survey. H er, it cannot 
be concluded that this amount of manpower is used directly at the develop- 
ment site. 
examine particular phases of development. 

To get a better estimate'of the on-site activities one must 

Three phases of development -- use of materials and equipment in 
temporary site-specific locations, construction of permanent facilities, 
and operation and maintenance of permanent facilities -- take into account 
most on-site activities. 
for all organizations combined in 9,628 person months (or 28.4 percent). 
This total gives some indication of the proportion of the tota 
which is not directly related to site-specific development. 

In fact, the total under these three categories 

Final Mail Survey 

All organizations which responded to the first phase of the mail 
survey were candidates for the final survey unless they explicitly replied 
that further participation was not desired, or unless they were selected 
for the personal interview phase. 
for the final survey, and these were distributed as follows: 

A total of 367 organizations were left 

Private firm or individual 251 
State or local government 33 
Federal government 23 

60 
Total 367 

- Education 

The final mail survey was designed to gain more specffic knowledge 
about the structure of the industry, fluctuations in total employment and 
geothermal employment as a part of total employment, occupational structure 
by activities, attachment to on-site activities, and the proportion of 
budget and workforce devoted to research and development. 
the survey as a whole were mixed, and each will be discussed in turn accord- 
ing to the areas cited above. 

The results from 



25 
+ -  

Of the 367 organizations, a total of 232 were accounted for after 
bj an initial and a follow-up ling, and 214 had vided usable information. 

Total mailed 367 
Nonrespondents -135 
Nondeliverables - 4  
No longer i n  the industry - 6  
Decided not t o  participate - 4  

- 4  No data supplied - 
214 Respondents who provided 

usable data . 
Table .6 shows the  response ra tes  by organizational type based on 

the 214 respondents. 
i n  person months by organizational type. 

Also l i s t ed  are the means and medians of employment 
The combined response r a t e  of 

a l l  organizations providing usable data was 59.9 percent 3 , the combined 

mean w a s  54.5, and the combined median was 13. 
the large differences between the respective means and medians resu l t s  
from a large proportion of the t o t a l  manpower being at t r ibuted t o  a rela- 
t i v e  few organizations i n  each category. 

It should be noted tha t  

TABLE: 6.' EMPLOmENT D BY OfEcfANIZAT 
FOR FINAL MAIL SURVEY 

Organization Type Mean Median 

Sta te  o r  loca l  government 
Federal government 

214 t 357 (total mailed less the nanindustry and nondeliverables) 
W 
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the or@;ajlizations are involved. The second purpose was t o  obtain data f o r  c 
1977 and 1978 t o  see if there was an obvious growth trend. 
are summarized i n  Table 7, 

These r e su l t s  

TABLE 7. RATIOS OF GEOTHEKMAL TO TOTAL EMPLOYMENT 
BY ORGANIZATIONAL TYPE 

1977 1978 

Private firm o r  individual 

S ta te  and loca l  government 

loo8 .29% 
*=  *24$ 3Lc?,34.1= 

Federal government = .6% 

+& = 1.24% 227 = 1.43% 15, Educational ins t i tu t ion  

A central  problem i n  forming geothermal t o  t o t a l  employment r a t i o s  
is the re la t ive  position i n  each organitation’s hierarchial  structure which 
responded t o  the questionnaire. This is especially true f o r  the different 
levels of government and f o r  educational inst i tut ions.  
first point it may be argued that the geothermal t o  t o t a l  employment r a t i o s  
demonstrate the re la t ive  unimportance of the industry i n  re la t ion t o  the 
t o t a l  employment of the organizations involved. 
( fo r  1977 and 1978 respectively) -- educational ins t i tu t ions  (1.24% and 
1.4$), federal  government ( . @ and .%) , state and loca l  government 
(4.47% and 5.l%), and the private sector (.2% and .29%) -- this appears 
t o  be t rue f o r  any par t icular  organizational group, but it is important 
t o  keep in mind that some organizations (especially i n  the private sector) 
may be to t a l ly  dependent.on the geothermal industry. 

increase between 1977 and 1978, with the exception of the federal  govern- 
ment. However, if one looks a t  the increase f o r  a l l  organizational types 
added together, it only amounts t o  .Os percent, 

intervie* was 1.42 percent (923 + 65,123). 

Therefore, as a 

Given the low r a t i o s  

One notable feature of the r a t io s  is t h a t  they demonstrate a s l i g h t  

L,’ 
Finally,  the r a t i o  f o r  the private firms surveyed by personal 

This is considerably higher 



than the m a i l  survey (.23 percent), but it is a lso  not surprising since 
t h e  larger  firms were purposely included in the personal interviews. 

W 

Occupational Employment in Geothermal Activities 

The objective was t o  obtain an occupational prof i le  by the different  
activities i n  the industry, However, survey res t r ic t ions  imposed by the 

. 
Office of Management and Budget resulted i n  only a very general and less 
useful picture of the occupational structure in the industry (Figures 7 
through 11). The following-discussion is based on data pertaining t o  broad 
occupational categories and is presented i n  the matrices on the following 
pages. 

One might e cupational group of scient is ts 'and engineers 
present a large proportion of the t o t a l  quantity of manbwer i n  the 

industry, However, based on the 200 respondents t o  t h i s  part of our 
survey, the sc i en t i s t s  and engineers category not only assumes a large 
proportion but a l so  clear ly  dominates the manpower structure of the industry. 
With a l l  osganimtion types taken together s c i en t i s t s  and engineers account 

for 7,341 (or 59.3 percent) 
preponderance exists for a1 
organizational type examined separately. 

otal 12,375 measured person months. This 

ations taken together as well as for each 

However, t h i s  was not a highly productive approach since many firms"did not 
know t h  rrnal KGRA ,designations o plied with some other geographic 



Activity 

ment (exclusive of mll ingy  
Resource Exploration & Asse s- 

s c i e n t i s t s  
& Engineers 

24.36 

401 508 597 

Space Heating 

Agriculture Operations 

Non-electric Industr ia l  
Applications 

EhvironmenW 

Other 

84 

120 

410 

988 

1306 

2176 795 2063 

FIGURE 7, TOTAL PERSON MONTHS FOR AI& ORGANIZATIONN; TYPE3 
( D a t a  Collected between March 1979 and May 1979) 

I Skilled I A l l  
Technicians Workers Others 

Horizontal 
T0-kil.s 

I Reservoir Design & Development 
(exclusive of t t r i l l ing)  460 728 

Well Drll l ing & Drill ing 
Services 2028 

q 71 20 72 

I 5 9  Plant Design and Construction 

Steam Production and 
Transmi s sion 430 

I Electrical Ehergy Production 
& Transmission 197 39 250 

121 

161 

24 I 14 I 36 

1388 260 

2u7 44-1 I 61 I 679 

Vertical Tota ls  I 734.1 
Matrix Total 
12 9 375 

c c 



Non-electrlc Industrid 
Applications 

Jhvironmental 

47 

44.8 

c \ c 
- .  - . .  . I  . .  

ON MONTHS FOR PRIVATE S 
1979 and May 1 ollected between 

Technicians 

- 

Skil led 
Workers 

A l l  
Others 

Horizontal 
Totals 

23-95 

Activity 
~~~~ 

Resource Ekploration & Assess- 
ment (exclusive of m u n g )  52 399 

I 

0 67 Reservoir Design & Development 
(exclusive of drilling) 114 408 

,, 

3 3  430 1600 475 

14 53 63 

22 0 Steam Produc 
Transmission 6 99 

Electrical Energy Produc 
& Transmission 30 0 64 10 

Space Heating I 28 2 65 35 
8 32 I Agriculture Operations 14 0 54 

0 2 51 2 
~ 

?4 ' 0  524 2 

. 39 54 801 

Vertical Totals I '3711 1222 897 
Matrix T O W  

6365 535 
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0 0 Electrical Energy Production 
& Transmission 

Space Heating 

Agriculture Operations 

Non-electric Indus t r ia l  
Applications 

mvironmenta,l 

Other 

< 

60 6 0 I 

1 

12 

106 

4Q9 30 

FIGURE 9, TOTAL PERSON MONTHS FOR STA’IB AND LOCAL GOVERNMENT 
( D a t a  Collected between March 1979 and May 1979) 

i 

Ac t i v i  t v  
Horizontal 

Totals 
Ski l led 
Workers Others 

199 Resource EQloration & Assess 

Reservoir Design & Development 

: ment (exclusive of d r i l l i n g )  

(exclusive of drilling) 

172 21 

10 0 ll 

27 0 Well Dri l l ing & Dril l ing 
SeMrices 

Plant Design and Construction 

Steam Production and 
-Transmission 

39 

5 0 I o  
w 
0 

O I o  4 3 7 

0 0 
O I  

13 I o  
0 I o  
I 

95 14 20 6 i  0 

78 

163 56 I 0 

17 I 156 
Matrix T O W  

612 

c c 
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ActiYi ty  

Resource ESrp'lara.tion & Assess- 
ment (exclusive o f , m l l i n g )  . 

Q 

& Ehgineers Technicians Workers 

96 I 26 1 - -  

FIGURE 10, TOTAL PERS MONTHS FOR F'EDERAL GOVERNMENT 
ollected between March 1979 and May 1979) 

Environmental 
Other 

105 78 0 

53 6 4 

I Plant  D e s i  2 ' I  0 I 0 

Vertical  T O M S  

1, Agriculture Opera-I%ons I 0 I 0 I o  

414 171 8 

t I I I 
I I I 

7 

A l l  
0 thers  

18 

3 

0 

0 

0 "  

0 

0 

0 

0 

16 
81 

118 

Horizontal 
Totals 11 
141 I 

2 

- .  0 

0 I 
144 199 I 

Matrix Tota l  

2 4  

w 
P 



Activity 
Scientists Skilled 

& Ehgineers Technicians Workers 
I 

178 Reservoir Design & Development 
. (exclusive of drill ing) 78 0 

FIGURE 11, TWAL PERSON MONTHS FOR EDUCATIONAL INSTITUTIONS 
(Data Collected between March 1979 and May 1979) 

All 
Others 

Horizon tal 
Totals 

9l3 I Resource Fkploration & Assess- 
ment (exclusive of drilling) 609 I 122 I 32 

0 

Well Drilling & Drilling 
Services 4 0 I O -  

0 4 
I I 

P l a n t  Design and Construction 1 131 1 0 I 0 0 131 

Steam Production and 
Transmission 0 I 0 0 

I ELectrical Ehergy Production 
& Transmission 0 I 0 1 1 0 

Space Heating I 9 I 2 I 0 0 '11 

0 u. 

8 
- . _- 

47 
363 

1745 
Matrix Total ' 

Non-electrla Industrial 0 

0 
16 

166 
... .. 

c c 
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designation. 
phenomenon f o r  most organizations, and it is not possible t o  determine the 

proportion of the i r  t o t a l  geothermal employment which may be involved at any 

part icular  area at a given- time. 

Also, involvement in specwic areas is only a short-term 

It is noteworthy t h a t  most organizations did view themselves as in- 
volved with at least one KGRA. 

s ib - spec i f i c  developments of the final survey group. 
down of the respondents t o  t h i s  question. 

T h i s  indicates the strength of attachment t o  
Table 8 gives a break- 

Research and Development 

Table 9 shows apart- breakdown, by organization type, of the responses 

t o  the question, "What percent of your organization's t o t d  geothermal budget 

in 1977 was in research and development?" 
pa r t  o r  .all of t h i s  section blank.. These 
only the organieations which expl ic i t ly  s 

Note t h a t  many organizations left 
deleted from the count, and 

d zero are counted in t h i s  
a category. 

One par t icu lar  observation from Table 9 is that many firms (*).in the 
private sector  are exc and development. In other 

words, as a proportion 
cent of the firms have cated t o  research and 

o t h i s  category, 30.6 per- 

le t o  the results from 

arch and development. 

the personal i n  twenty firms respond- 

Table 10 i s  based on 

W 



TABLE 8. INVOLVEBENT UmH KNOWN GEDTHERMAL 
RESOURCE AREAS (KGRA'S) 1977-1978 

Indicated Not Indicated 
no Responding involvement 

involvement t o  the with at least Horizontal 
at a KGRA Que st ion one KGRA Totals 

Private firm o r  
i n d i V i d l l a l  

S ta te  o r  loca l  
government 

38 

3 

12 83 133 

2 18 23 

TABLE 9.  R & D BUDGm AS A 
PERCENT OF TOTAL BUDGEI' 

1977 

Percent of budget 
100 I 50 - 99 1 1-49 t 0 

# responding I # responding I# responding I # responding 

Private firms or  
individuals 

10 Sta te  and loca l  
governments 

Li 

Federal Svernment 2 0 16 18 
Educational 40 

Total f o r  a l l  organizations a4 
- 11 3 26 

17 45 

1 2 9 

Federal government 5 0 0 12 

Educational ins t i tu t ions  16 3 4 .  3 
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ENGAGED IN R & D 
1978 

Percent in R & D 
100 I 50 - 99 I 1 - 49 I 0 

responding [ # responding I #  responding I #  re spondin 

32 17 21 47 Private firms o r  
individuals 

12 Sta te  and loca l  
governments 

Federal government 5 
Wucational i n s t i t u t b n s  20 

1 0 8 

0 0 12 
2 5 6 

Conclusion 

. . .  _ ,  , 

Though the matrices on which much of th-  discussion in t h i s  p a r t  of t h  

study is based contain some ambiguities, they have proven t o  be a useful too l  
in analyzing where manpower is allocated in the  geothermal industry. 
example, it is obvious that research and development is the dominant phase 
of ac t iv i ty  i n  the industry, and 
t ion and assessment. Both of infant nature of the geothermal 

tists and engineers compose more than half 
s in the jndustry. Finally,  it appears 

For 

t i v i t y  is resource explora- 

industry. 
Another finding is that sc 

of the estimated manpower require 
that manpower is highly concentrated in only a few firms wh rm the  stable 
core of employment f o r  the industry and tha t  a large number of smaller periph- 
eral f5ms are marginally attached to the industry. 
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Chapter 3 

CURIiENT AND POTENTIAL OCCUPATIONAL STRINGENCIES 
AND THE OCCUPATIONAL STRUCTURE OF THE INDUSTRY 

. 

Introduction 

The personal i n t e r v i e w  phase of the manpower assessment study w a s  
ed in order t o  obtain detaUed information about development sites, 

current o r  potent ia l  occupational bottlenecks, emerging occupations, the 
occupational structure i n  certain m a s  of the industry, and additional 
information tha t  would be helpful in maMng manpower projections. 
interviews were con 
covered thirty-f ive 
training an intervie  

The 

til February of 1979 and 

e firms included f o r  

riteria used f o r  

S. Only the private sector 

firms would 

potent ia l  growth. 

mailings and upon other information pertaining to the geothermal industry, 
Based on the preliminary results f r o m  the i n i t i a l  questionnaire 

b, 
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key firms could be identified by the i r  type of ac t iv i ty  in the industry and 
the quantity of manpower devoted to these ac t iv i t ies .  Hence, one cr i ter ion 

was to t r y  t o  include a variety of ac t iv i t ies ,  and the other w a s  to inter- 
view the firms responsible f o r  the most concentrated employment in  the geo- 
thermal industry. 
ten to twelve firms w e r e  the primary employers in the industry. 

primary concern in t h i s  phase of the study. Instead, interview ef for t s  w e r e  

devoted to those firms direct ly  involved i n  a major ac t iv i ty  at  a geothermal 
site. Though it 
appeaxs that most major firms are based in California; t h e i r  ac t iv f t i e s  are 
usually conducted at  several different si tes and often in several different 
states. 

It was apparent at  the time of selection that approximately 

Firms involved in supporting services in the industry were not of 

Finally, location did not prove t o  be a useful cri terion. 

Evaluation of the Personal interview Approach 

I n  general, the interviews yielded less information than was antic- 
ipated. Some f h s  w e r e  highly 
reluctant to provide information because they feared it might fall  into their 
competitors' hands, despite pronounced assurances that a l l  information would 
remain confidential. 
ducted t h e i r  own i n t e r n d  studies on manpower requirements and other geo- 
thermal needs but would not make them available. 
understandable because of the complexities of jo in t  ventures and the rights 

of proprietary information. 

Several fac tors  contributed to this result. 

For example, a few firms admitted that they had con- 

I n  some cases this was 

However, the major problem appears t o  be the 
prevailing uncertainty which permeates al l  phases of the industry and includes 
the broad spectrum of ac t iv i t i e s  ranging f r o m  resource definit ion t o  the 
determination of the l i f e  of a reservoir. 
f r o m  two basic causes. One is the infant nature of the industry and the 
accompanying technological and economic unknowns. 
constraints t o  development -- definit ion of property r ights ,  taxation policies,  
and regulatory controls -- which must be resolved. 
study the ins t i tu t iona l  problems were singled out as the most cumbersome to 
the growth and development of the geothermal industry. 

The uncertainty itself emanates 

The other  is ins t i tu t iona l  

In al l  phases of t h i s  
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Results of the  Personal Interviews 

summitry of - the  aggregated responses t o  each 
. 

ion of the interview guide. 
, 

Employment Summary 

. Table 11 shows the r ep l i e s  to t h i s  section. Note that the numerical 

values are expressed in terms of number of employees rather than in person 
months. 

Occupational Stringencies 

The majority (eighteen) of the firms interviewed anticipated problems 
i n  recrui t ing an adequate workforce. 
type of firm o r  the size of firm was exhibited in  these responses. 
by the interviewees revealed that shortages of skilled personnel and laborers 
could be a t t r ibu ted  t o  either remote development sites o r  to areas of heavy 
development a c t i v i t i e s  which taxed the loca l  manpower pool, o r  t o  a combina- 
t ion of the two. The problem of remote development si tes was viewed as a 
short-term phenomenon if the ac t iv i ty  was of a shor t  duration exploratory 
nature. Geothermal sites in Southern Utah and Nevada w e r e  mentioned in t h i s  

&roup, 
construction, and power plan peration and maintenance) posed mom serious, 
long-term problems but appea 

Valley and The Geysersm4 

No significant pattern based on the 

Comments 
I 

The heavy development a c t i v i t i e s  (reservoir completion, power plant  

to be limited to developments at Imperial 

The other  category of shortages, s c i en t i f i c  and technical personnel, 
ed by the interviewees as a p& of an overal l  national problem. 

firms responding with t h i s  concern f e l t  that the geothermal industry 
t a considerable competitive disa tage w i t h  the o i l  and gas indus- 

s type of mnpo Reasons given we he uncertain- 
t i es  associated with a new industry and the additional t ra ining required t o  

r m a l  resource. 

%ecent assessments of the socioeconomic impacts of proposed geothermal 
developments i n  these areas can be found in National Science Foundation, 
Imperial County California8 Geothermal Element, 1975, and in California 
Resources Conservation and Development Commission, Consultant Report: 
Ehvironmental Analysis f o r  Geothermal Eher@;y Development in The Geysers 
Region, Volume 11: Master 'Environmental Assessment, May 1977. 



i d  TABLE U. EMPLOYMENT SUMMARY* 

m l o y e e s  Ehgaged Percent of 
Identification Total  i n  Geothermal Geothermal 

Number TBqloyees Act ivi t ies  to  Total 

17 
(including #35 (including #35 e 

1 
2 
3 
4 ., 
5 
6 
7 
8 
9 

10 
11 
12  

""13 
14 
15 
16 
17 
18 
19 

**20 
21 

""22 
H23 

24 
25 
26 

""27 
28 
29 
30 
31 
32 
33 
34 

-35 
TOTAL 

9 
90 

4,061 
10 

53 
1 

1,700 
41 
60 
50 

230 
6 
6 

11 
6 

51 
40 

25,537 
100 

30 

10 
500 

15 8 230 
13,024 

- 

- 
- 

9 
24 

65 
6 
9 

15 
3 

26 
2 

14 
1 
6 

41 
60 
50 
43 
6 
6 

15 
11 
6 

42 
5 

253 
20 
28 
30 

10 
36 
16 
35 

- 

100.00% 
26.66 

.so 
80 . 00 
.50.00. 
100 . 00 

1.60 
83.33 . 09 
86.66 

100 . 00 
26.42 

100.00 
35 

100 . 00 
100.00 
100.00 
17.20 

100 . 00 
100 00 

100.00 
100.00 
82.35 
12.50 . 99 
20.00 

100.00 

100.00 
7.20 

11 
27 

-- 

-- 
-- 

*Data collected f r o m  October of 1978 through February 1979. 
wFirms included f o r  purposes of t ra ining the interviewer, 

-Deleted f r o m  fur ther  quantitative analysis because employees wee in  
other comtr ies .  

L E +  
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The problem occupations that were discussed in the interview are 

divided into two groups, primary problem occupations and secondary problem 
occupations. 

mentioned and viewed as the most serious. 
were not revealed as being widespread and were generally of a short-run nature. 

The primary problem occupations are the ones most often 

The secondary problem occupations 

Primary Problem Occupations 

Geologists. 
with experience in rocks (granite) and volcanics. S k i l l s  i n  
one type of resource (e.g., o i l  o r  gas)  are not necessarily suffi- 
c ien t  f o r  work in the geothermal industry, especially since the 
geothermal resome itself is not of a homogeneous nature. 
master's degree appears to be the minimum requirement, but orienta- 
t ion to the geothermal resome is still necessary. 

Geophysicists. T mments directed at geologists also apply to 
geophysicists. 0 server did point out that communication between 
geologists and 

'of fault ident 

Reservoir Engineers. 
f r o m  the oil and gas industries i n  the recruitment of reservoir 
engineers. This  problem compounded by the urgent need in the 
geothermal industry to improve techniques of reservoir assessment 

development i n  

Ebployers cited a pronounced shortage of geologists 

A 

i c i s t s  needs to be improved (e.g., i n  the area 

The geothermal industry faces stiff competition 

strongly emphasized 
blem (the areas of expertise needed 

rious as the 

e are util ized. 

highest sk i l l  lev 
of skills and exp 

nrployed at the d r i l l i ng  site. . The acquisition 
ce and the progression up the job ladder f r o m  
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roustabout, dr i l ler  assistant, driller foreman, t o  job foremah is 
hindered by the nature of drilling work, which involves long peribds 
of t ravel  and constant movement to different  sites resul t ing in high 

turnover rates. Recruitment of unskilled labor is basically done by 
advertising in  the work locale and skill acquisition is a function 
of on-the-job training. 

problem of high turnover rates was much less prvnounced i n  areas 
where drilling projects were of a long-term nature (e.g., requiring 
a large number of loca l  wells). 
a lso mentioned as a problem, essent ia l ly  because of a lack of 
qualified mechanics. 

In conclusion, it appears that pract ical ly  a l l  the specifically geo- 

A couple of firms did point out that the 

Finally, d r i l l i n g  machinists w e r e  

thermal related training rrrnging f r o m  the unskilled labor to the sc i en t i f i c  
and technical persowel  is conducted on the job. This w a s  found t o  be true 
not only of the occupations mentioned above, but a lso of occupations that 
pose l i t t l e  o r  no constraint on industry growth (e.g., construction, opera- 
tion, and maintenance of geothermal power plants). 

Some training of sciexitific and technical personnel is received in an 
indirect  manner through research assistantships f o r  graduate students to work 
on geothermal topics. 
short courses of instruction offered periodically by the Geothermal Resources 
Council. 
a technical and nontechnical nature. 

One other area of t ra ining at  this leve l  is through 

These courses va,ry and cover a variety of geothermal a c t i v i t i e s  of 

A l s o ,  the Oregon Ins t i t u t e  of Technology conducted a study i n  March 
1976 which was geared t o w a r d  assessing the industry's interest i n  a formal 
training program in various geothermal ac t iv i t ies .  
were not forthcoming t o  support the program because of the perceived uncer- 
ta inty of development. 
recommended that the feas ib i l i ty  of such a p r o m  be reconsidered, possibly 
on a federally sponsored basis. 

was that costly on-the-job t ra ining w a s  the only way to acquaint s c i en t i s t s  
and engineers with unique geothermal characteristics. 
they are less able to compete with the o i l  and gas industries, which can 
d r a w  recru i t s  from university curricula that favor t h e i r  specialized needs. 

geothermal industry, i n  contrast  to the oil and  as industries, cannot d r a w  

However, state funds 

Based on research r e su l t s  i n  t h i s  study, it is 

One of the major complaints of the firms 
0 

The r e su l t  is that 

The root cause of occupational stringencies appears to be that the 
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on a manpower pool of highly specialized scient i fac  and technical personnel 
whose training is subsidized by educational insti tutions.  The argument of 

"parity" in 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 f o r  "parity" with the oil and gas industries i n  such areas 
as tax policy and depletion allowances. Therefore, as the industry g m w s ,  
the need f o r  specialized manpower may sh i f t  it t o  a higher priority.  
modest t ra ining program at the appropriate inst i tut ion(s)  wquld go a long 
way t o w a r d  removing current and potent ia l  scarcities of specialized personnel 
that could constrain industry growth. 

b, 

A 

Secondary Problem Occupations 

The following occupations did not appear t o  be viewed by the respon- 
dents as a widespread problem. 
firm o r  t o  a specific locale. 
of completeness and future  refenace. 

Instead, they were more unique to a single 
However, they are included here f o r  purposes 

Mechanical and Flec t r ica l  Engineers. 
the B.S. level and given the necessary geothermal t ra ining on &e 
job, The training is oriented toward drilling, geological, geo- 
chemical, and hydrological characteristics applicable t o  the geo- 

thermal resource, 

Control Operator. 

Job and selection for 
screening. . 
Economics and Finance-Personnel; An understanding of the resource 
and its u t i l i ea t ion  anti unique features is necessary. The general 
requirement i s  an M.B.A. coupled with an understanding of geology 
and energyI 

Pipeline Welders. Re t is generally through trade schools o r  
advertising i n  loca l  . On-the-job t ra in ing  is used to  
develop skills. 
of welders certified f o r  pipeline cons t r~pt ion ,  

These personnel are h b d  at  

position requires an a b i l i t y  to operate steam 

s i t ions  is via  very careful in-house 
othermal components and transmission systems. Training is on-the- 

--* 

I 

The problem (in Southern Utah) has been a shortage 

W '  
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W Heavy E4 uipment Operators. Recruitment has been d i f f i c u l t  in areas 
where exploration activit ies have fluctuated considerably making it 
impossible to guarantee work f o r  extended periods of time. 

personnel are also local ly  recruited in  areas near the development 
sites. 

Pipef i t ters,  ELectricians, Iron Workers. Problems in  recruitment 
are limited to The Geysers ama &d re su l t  f r o m  competit 
other local  industries and a limited labor pool at a remote site. 

No policy in i t i a t ives  are recommended f o r  the above occupations 

These 

because of the relat ively isolated nature of t h e i r  occurrence. 
firms involved a t  sites w i t h  long-run development ac t iv i t i e s  should be 
allowed t o  devote t h e i r  own resources t o  the problems. 
smaller firms experience recruitment and retention problems the issue appears 
to be basically the disagreeable nature of the work. 

government action might be of help is in streanilining the permit granting 
procedures and other regulatory processes i n  order t o  f a c i l i t a t e  be t t e r  
planning f o r  continuous ac t iv i t ies .  

The large 

I n  the cases where 

The area in which 

This issue i s  treated by several other 
studies and w i l l  not be pursued here. 5 

New and Emerging Occupations 

Ten firms responded to  the subject of new and emerging occupations. 
As might be expected, many of the occupations discussed have already been 
identified as posing recruitment and retention problems. 
l i s t e d  a m  of a sc ien t i f ic  and technical nature. 
t radi t ional  occupations that axe becoming specialized t o  geothermal activities. 

Most occupations 
They are also mostly 

Geologists, 
formations and another is i n  petrology mapping abilities. 

university training tha t  would be helpful are st ructural  volcanic 
rocks and in spa t ia l  relationships of geothermal aquifgrs. 

One area of specialization is i n  exploration of igneous 
. Areas of 

Geochemists. 
f l u ids  and other areas of groundwater study. 

Special is ts  are emerging with a background in thermal 

b 5For e*le, see Gene V. Beeland, e t  al., "Geothermal Development on Federal 
Lands - The Impediments and Potential  Solutions," a report prepared f o r  the 
Department of Energy - Division of Geothermal Energy, January 1978. 
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W 
Geophysicists. Nee of training i 

Reservoir Engineers. 
the design of r e - e r v o i r  facilities. 
engineering. 

character is t ics  o f  the resource. 

Civi l ,  Mechanical, and Electrical  Ehgineers. The cial izat ion is 

the capability to design and monitor 

One specialized area still in its infancy is 

Another is in  shallow hole 
The position basically w i l l  be a hydrologist w i t h  a 

- background i n  geology +to help i n  understanding s t ructural  and spatial 

stems for  waste disposal, 
emission control, and reinjection. 

Chemical Technicians. Ski l l s^& composed of the combined areas of 

sed in geophysics o r  geology 

o r  the sale 

ramework whi 

g occupations l ies i n  the 

occupation is also -being created by regulatory requirements. Recruit- 
ment f o r  both positions is through college campus interviews and 

W 
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Projection Information and Occupational Prof i les  

' A t o t a l  of sixteen firms provided information which could be used t o  
construct a forecasting model and t o  develop occupationa3 profiles. 
of the information applies to only a limited number of si tes -- especially 
Roosevelt Hot Springs, The Geysers, Niland, Brawley, and East Mesa. 
of t h i r ty  firms supplied data on the quantity of manpower employed in  each 

occupation and yearly replace 
rather  than 1977, and these differences are noted i n  the analyses. 

Most 

A total 

t needs. Some firms supplied data fo r  1978 

Exploration and Appraisal of the Resource 

This ac t iv i ty  may be subdivided into two categories denoting the 
intensity of the e f fo r t s  involved. 
by the Bureau of Land Management (Code of Federal Regulations CFR, T i t l e  43, 
3209.0-J(d) as ' I .  . . ac t iv i t i e s  that involve practices that do not ordinarily 
lead to any appreciable disturbance o r  damage t o  lands, resources and improve- 

ments. For example, a c t i v i t i e s  which do not involve the use of heavy equip- 
ment o r  explosives." 
cal and micro-gas surveys, stratigraphic, l i thologic,  and s t ructural  mapping. 
The second category is the use of more intensive exploration techniques -- 
e.g., geophysical surveys which include the drUlj l lg  of shallow temperature 
holes, o r  the use of heavy equipment t o  construct temporary access roads. 

F i r s t  is the "casual use" which is defined 

These, ac t iv i t i e s  include aerial photo surveys, geochemi- 
6 

A variety of firms with different  types of manpower is required in 

the exploration and appraisal activity.  
h the estimates provided by different firms i n  the sumey. Seven firms 
addressed themselves t o  a question pertaining t o  the estimated number of 
person months necessary t o  explore and appraise the resource t o  the extent 
that a decision can be made t o  develap the resenrob? at a given site o r t o  
abandon development plans. Estihates ranged f r o m  three person months t o  three 
hundred and s ixty person months, depending o n  the par t icularphase of ac t iv i ty  
with which the firm was involved.. However, two key firms which w e r e  involved 
in al l  phases of the exploration and appraisal activity estimated that the 
total amount of manpower requkred. w a s  300-3&0, person mnths 331 order 50 

explore and appraise the resource t o  the extent that a decision couXd be 

This resulted in considerable variance 

i 

' ,  . .  . 
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hd made to  develop the resource at a given si te o r  t o  abandon development plans. 
T h i s  appears t o  be the most representative estimate since the smaller estimates 
of other firms reflected their limited r o l e  -of involvement (e.g. , dr i l l ing ,  

As w i l l  be se in the next section on 
applied t o  &e industry is highly tenuous 

nergy conversion systems that have to be 

of the resource. 
The estimate of n t s  given in t h i s  study is somewhat 

lower than the 1974 estimate, However, the latter was 

plan based on the 
assumptions (centered on a 200 We 

order t o  create building block estimates. 
The sections of the report which are per t inent  to the discussion on occupa- 
t ional  structure,  occupational requirements, and projections are reproduced 

-in the appendix. 

report as required to explore and appraise the resource (specific assumptions 
on page D-4) f o r  a 200 MWe plant  was 696 (for two years). 
cluded d r i l l i n g  (288 person months) , and once t h i s  ac t iv i ty  is subtracted, the 

residual is 408 person monthsm8 S h c e  current plants  (o r  those expected in 

the near future) are no larger than 135 Mwe t o  160 MWe and since it is reason- 
able b assume some efficiencies i n  resource exploration and assessment have 
been gained i n  the last few years, the estimate.appears qui te  conpatable with 

that given in Project Independence. -. However, the reader should understand 
that -the estim6t.e is based on ourrent and recent experience of firms while 

The total number of person months estimated by the Project Independence 

However, t h i s  in- 

- 

ased on a r ig ld  set of assumptions geared 

7U.S. Federal 'mrgy Admin nce Blueprint$ Fina l  
o r t ,  Geothermal 'Ehergy (Norember 1974). See pages D-1 through 

o m h a t  misleading t e &=ling ac t iv i ty  'because it 
is specifplcaUy e q h r a t o r y  dril l ing.  
our request leaves the dis t inct ion between exploratory and production d r i l l -  
Png quite  eeaibiguous. Foz-tmtely, there are a number of references t o  
drUl3ng requirements, and these w i l l  be discussed i n  the next section. 

Recpnsideration of the phrasing of 

W 



t id Occupational Prof i le  

Table 12 provides a 1 
required on which the 

sented f o r  comparison w i t h  the &ey 
The quant i t ies  of manpower are- 
estimate is geared toward co 
t o w a r d  employment by 

Independence occupatio& list i s  the comprehensive omparison purposes. 

INDEFEXDENCE EXPLORATION F "E RESOURCE 

k _-  - 
Quantity . .  

S k i l l  Reg uired 

Geologist 3 
Geophysicist 
Landman 

2 
2 

W i l l  R i g  Foreman 4 
Driller 12  
Laborer 8 
Truck Driver 4 
Geochemist 2 

It should be pointed out that many of the occupations which appear on 
the occupational list in t h i s  study as research exploration and assessment 
appear under the Project Independence heading of reservoir design and develop- 
ment. 
ings. 
firms interviewed. 
of a peripheral nature (derived from the ac t iv i ty  but  not requiring physical 
presence at  the site). Second, g r o w t h  of the industry and of the individual 
firms has l ed  to more occupational specialization. 
tory requirements have created the need fo r  certain 'types of expertise (e.g. 
environmental technicians). 

However, there are other reasons f o r  differences in  occupational list- 
F i r s t ,  t h i s  is simply an aggregation of the occupations f r o m  the several 

Therefore, some of the occupations may be considered more  

Third, governmen 

The faurth fac tor  is the evolution of technology. 
The f i f t h  reason is i n  p a r t  a reflection of the pmvious four  but  is s l ight ly  i 



I 
I 

more abstract, 
h in t s  at a common theme ( 

In  effect, pmliminary investigation'(here and elsewhere) 

fined and not thoroughly 
' e i l ,  

tures in energy related 
area is discussed in Chapter 7, 

rived from the survey results. 
e r  employed in  each position in the 

s pattern w i l l  also be repeated 

OCCUPATIONAL GROUPS 
ION AND APPRAISAL 

.f . Geologist , Accounting 

Geochemist Bookkeeper 
Geophysicist Le@ 

Manager 
Land Manager, 
Land Draftsman 
Land Secretary 

Computer Analyst Draftsman 
Drilling Supervisor 

1 

I I I W  , .  
1 



Number of Wells Required t o  Prove Feasibi l i ty  of Energy Production 

The number, depth, and fre ment f o r  the wells neces- 
t ion or other ac t iv i ty  sary t o  prove a reservoir f o r  schedule 

is ambiguous, yet  v i t a l  t o  any est1 
responded t o  t h i s  issue, One f w e l l  was required 
to prove a hot dry rock reservo 
drilling needed t o  develop' the hot dry rock resourde because 
sothermal system is still in the early eGerimental stages. 
responded that f o r  some reservoirs at'The Geysers only two to three wells 
w e r e  required. 

0 deep exploratory wells) in the 
(page 142). 
of four to  six is required f o r  ten'days of d r i l l i n g  per  w e l l  OF a??rox- 
b t e l y  10,000 feet  i n  depth (page 142). 
rate f o r  geothermal wells t o  be between 100 t o  200 feet  per  24 hour day 

(page 22). 
cases a& not ref lect ive of w h a t  is required to tap the resource but w h a t  

is economically feasible. 
estimated t o  be required to reach the geopressured rekource, but the maximum 
explorable depth is approximately 11,000 feet (1976 estimate given by the 

Geothermal Handbook, page 21). 

Geysers estimated test d r i l l i ng  t o  require 45 to 60 days.l1 Most wells at 
The Geysers w e r e  assessed at depths of 7,000 to 8,000 feet. 
Report s ta ted that 10 t o  lj wells were required to support a 110 MWe plant 
(page I-C-14), with as many as 25 wells required when reserve and reinjection 
wells are counted. 
cessful, with the remainder used 

%ee footnote 6. 

nCalFfornia Energy Resources Conservation 'and Development Commission, Con- 

out the additional 

This  is consistent with the estimate given (one to f i v e  

Additional estimates provided by the Handbook are that a crew 

The Handbook assesses the drilling 

Finally, it should be pointed out that dril l ing depths i n  many 

For example, depths of 12,000 t o  15,000 feet are 

- 

Another document which provides estimates pertaining only t o  The 

The Consultant 

Ninety percent of the wells drilled w e r e  said to be suc- 
(page IV-PZ). 

sultant Report on Environmental Analysis f o r  Geothermal Energy Development 
in the Geysers Region, Volume 11, Master Ehvironmental Assessment, p r e p m d  
by Stanford Research Ins t i tu te  (May 19771, P. I-C-5; A later description of 
a drilling r ig  crew is that it consists of four dri l l ing company employees 
and eight  others e i the r  from loca l  unions or- t ransient  roustabouts (p. V-D-6). 

Lid 
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*. 

One firm estimated t average number of production wells required 

to support a 55 We power p lan t  t o  be eleven p lus  two reinjection w e l l s  and 
three reserve wells. 
Four other firms estimated the average number of wells necessary to  prove 
a reservoir f o r  production t o  be respectively -- 14, 8-10, 11, and 10, 
Replacement wells w e r e  estimated t o  be required every one to three o r  one 
to f i v e  years by these firms. 
based on t h e i r  experience at  The Geysers, while 
first f i r m  f o r  a 55 We plant  w a s  consideEd an 
which the firm was involved. Average w e l l  depths we= reported by seven firms 
and ranged f r o m  3,MO feet to 14,000 feet .  
ject ions of manpower requirements had to be based on judgments from interviews 
and observations. 

Occupational Prof i le  f o r  Drilling Firm 

This firm did not provide average depth estimates, 

Each of the latter fou r  firms provided estimates 
stimate provided by the 
ge of different sites with 

Given the var ie ty  reported, pro- 

Table 14 gives the occupational p ro f i l e  f o r  production dril l ing f r o m  
Project Independence f o r  a 200 MWe dry steam plant ,  assuming 34 wells (pro- 
viding 20 percent spare capacity), 60 work 
and an average depth of 5,000 feet. 

r w e l l  (average), f i v e  r ig s ,  

Crane Operator 



The occupatio .obtained .&I t h i s  s is pmsented in 

Table 15. Note that t h  ments & t h i s  s%udy geared toward con- 
t h u o u s  operations instead of determinhg’ the needs f o r  obtaGing ‘a specific 

l e  14. 
sonnel were needed.for geothermal drilling. 

Three firms provided information in.  t h i s  category. . .  

TABLE 15. OCCUPATIONAL PROFILE FROM PERSONAL ~ T E R V ~ S  

Quantity 
S k i l l  Required 

Assistant Driller 

Driller .4 
~ DrillingForeman 4 

Derrickman 4 
Motorman 4 

Manpower Requirements f o r  the Reservoir Feed System 

Five firms provided estimates of the number of person months required 
to  construct the reservoir feed system and the average number of person months 
required to operate and maintain the reservoir feed systems f o r  one year. The 
only useful information provided concerning the construction of a feed system 
was that, as a rule of thumb, the manpower requirements were approximately 25 per- 
cent of the t o t a l  requirements f o r  constructing a power plant. 
quirements d f  the feed system were estimated t o  be 1 t o  4 f u l l  time individuals 

Operation re- 
I 

with some major maintenance tasks being contracted out. ‘. - 

Despite the sparsity of the d a t a  provided,the information does appear 
t o  have been ra ther  accurate. in the sense that it fi ts  quite w e l l  into the 
Project Independence list of occupations and number of persons required. 
survey provided no occupational prof i le  i n  t h i s  category but the P h j e c t  In- 
dependence prof i les  (Tables 16 and 17), based on a 200 Mwe dry-ste 

(including design requirements), w i l l  suffice. 

The 
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V 

TABU 16, OCCUPATIONAL PROFILE FROM PROJECT INDEPENDENCE, 
CONSTRO'CTXON OF GATHWING SI(ST& 

Ski l l  Required 

Mechanical I Engineer (Design) 2 

Draftsman (Designer Quality) 1 
Draftslnan 1 

Route Surveyor 5 
Civil Engineer (Construct ion) 1 
Foreman 2 
Welder 4 
Carpenter 2 
Concrete -Worker. 4 
Dozer-Operator 2 
Truck Driver 4 
Crane Operator : 2  
Insulation Installer 6 

Civil Engineer (Design) i 

Inspector (Construction) 1 
Inspector (Testing) 

Source: See footnote 7. -  

Field Operator 

Insulation Installer 

Crane Operator 

Source: See footnote 7. 



Construction of Power Plants 

Seven f i r m s  provided estimates of the number of person months required 
f o r  power plant construction and/or d i rec t  use f a c i l i t y  construction and the 
average number of person months required to operate and maintain the f a c i l i t y  
f o r  one year. 
plant were estimated to  be 35 t o  40 persons f o r  ten months. 
ments f o r  construction of 50 MW, plants ranged f r o m  2,400 t o  4,800 person 
months. 
more  intensive e f for t s  needed t o  commercialize the geothermal resource as it 
is used in  its more  marginal (Le., less productive) forms, especially i n  the 
t ransi t ion from dry steam to hot w a t e r .  
s truction of transmission lines. However, the Consultant Report (p. I-F-3 and 
I-F-5) stated,  "construction of the transmission l i n e s  f o r  one generating unit 
[at The Geysers] requires about 8 months . . . The transmission line crews vary 

The manpower needs f o r  construction of a 1 0  "We demonstration 
Estimated require- 

The wide variance i n  manpower requirements could pasctially re f lec t  the 

The survey did not include the con- 

from 10 t o  30 workers and are drawn from PG & E ' s  Line Construction Department." 
Again, the 2,400 to 4,800 estimate proves t o  be compatible with the Project 
Independence estimate (3,882 person months) based on a three year phased con- 
struction program. 
Independence. 

Table 18 gives the requirements as estimated i n  Project 

Three occupational prof i les  (reproduced i n  appendix) pertaining t o  
power plants  which w e r e  gathered f r o m  the personal interview survey are a 
mixed result, because the firms w e r e  involved i n  various stages of reservoir 
completion, power plant  design, and engineering. However, one prof i le  is more  
representative of occupations required f o r  construction ac t iv i t ies ,  and it is 
reproduced in  Table 19. 

Operation and Maintenance of Power Plants 

The Project Independence report (Table 20) estimates 41 persons f o r  
a 200 MWe dry-steam plant,  while the estimate provided t o  t h i s  survey f o r  
the en t i re  operation and maintenance requirement at The Geysers was only 52. 

The occupational structure f o r  both 10 We demonstration plants  and 
The for  the commercial plants  at The Geysers was supplied from the survey. 

operation and maintenance estimates f o r  a demonstration plant f o r  a year were 
224 t o  300 person months per  year, and the figures f o r  a 50 me commercial 
E?-t 100 to 360 person months. The respective o 
are reproduced in Table 21 atid Table 22. 

Li 

Li 
. 
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W TABLE 18. -OCCUPATIONAL PROFILE FROlvI PROJECT INDEPENDENCE, 
DESIGN AND CONSTRUCTION OF Porn  PLANT 

Power-house: 
2-100 MWe (ne-t) Generating Units 
1.5 year design schedule 

Ski l led Personnel Quantity Required 
Structural  Engineer -_ 

’ Mechanical Engineer 
Civi l  Engineer 
Electrical Engineer 
Corrosion Engineer 

’ I Architect * 

Draftsman ( igner Qua.lity) 
waftsman 
Topog. Surveyor 
Purchasing Agent , 

Inspec t o r  (Equipment) 
Corrosion Ehgineer 
c i v i l  Engineer (Construct ion) 
Mechanical Engineer 
Electrical Engineer 
Surveyor (Construct ion control) 
Inspec t o r  (Construct ion) 
Superintendent (Construction) 

~ Assistant Superintendent (Construction) 
~ Foreman 

Electrician 
I Pipe F i t t e r  

Welder 
M i l l w r i g h t  
Iron-Worker 
Concrete Worker 

~ Carpenter 

Tile-Se t ter 
Painter 
Instkwnenf Qechn%cian 
Machinist 

Truck Driver 
Crane Operator 
Timekeeper 
Warehouseman 
P i l e  -Driver 

Rigger 

2 
3 
2 
3 
1 
2 
4 

16 
5 
1 
2 
1 
2 
1 
2 
4 
3 
1 
1 
6 
6 
10 
8 
6 
6 

15 
6 

10 
4 
4 
2 
!+ 
3 
2 
8 
3 
4 
1 
3 
4 
20 h 1 -  - “-Laborer Common 

W 



56 

TABLE 19. OCCUPATIONAL PROFILE FOR CONSTRUCTION ACTIVITIES FOR 
COMPWCIAL P o r n  PLANTS (APPROXPIATELY jO We) 

AS IRAWN FROM PWSONAL INTERVTENS 
(Includes multiple p lan t  a c t i v i t i e s  at  The Geysers) 

0 ccupat ions 
Most Strongly Total Number Total Number 

Identi- Related t o  of Persons of Person Yearly 
f ication 
Number Activit ies 1977 1977 ment Needs 

Geothermal Employed Sept. Months Sept. Replace- 

26 
(operator) 

(con- 
t ractors)  

Project 
Superintendent 

Engineer 
Inspector 
Clerical 

Total 

Superintendent 
Clerical, 
Engineer 

Boilermaker 
Carpenter 
Electrician 
Pipef i t t e r  
Ironworker 
Laborer 
M i l l w r i g h t  

Operator 
Teamster 

Tota l  

1 

2l 
12 
16 
50 

10 

- 

2 

50 

15 
5 

10 
22 
2 

27 
8 

1s 
- 

12 

227 
155 
183 

579 

65 

2 

169 
62 
18 
38 

163 
6 

227 

38 
723 

0 

4 
2 
2 - 
8 

. . . . 
. i  
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TABLE 20. OCCUFAT 
b, 

Maintenance 2 

3 
1 

Foreman 
Millwright 
Machinist 

Electrician 
Insulation Installer 
Painter 
Rigger 
Crane Operator 

TABLE 21. OCCUPATIONAL PROFILE FOR THE OPERATION ,AND 
NSTRATION PLAN 

T o t a l  Number 

- 
- 

W 



L, TABLE 22. ; OCCUPATIONAL PROFXLE F~~R’OPERATION AND USNTENANCE OF 
A COMMESICIAL POW3 PLANT 

(Includes multiple p lan t  activities ~ I “  
at The Geysers) 

Occupations 
Most Strongly ’ Total’ Number Total Number 

f icat ion Geothermal @loyed Sept. Months Sept. Replace- 
Identi- Related t o  of Persons of Person Yearly 

26 Machinist 11 - 1 
Number Act ivi t ies  1977 1977 ment Needs 

’ Electrician 
Instrument 
Repairman 

Welder 

Rigger 
Helper 
Control 
Technician 

8 

2 - 
2 - 
6 - 
1 

2 Senior Power 
Plant Operator 

12 Power Plant 
Operator 

4 Assistant Power 
Plant Operator - 

Total 52 2 

Total Ehployment Trends 

Table 23 supplies trends and projections f o r  geothermal employment 
Growth between 1970 and 

Totals could not be estimated 
from 1970 t o  1985 for many of the firms surveyed. 
the present has obviously been substantial. 
f o r  1985 since only a few f i r m s  were will ing t o  speculate beyond 1980. 
re la t ive ly  small nuniber of firms also responded t o  the request fo r  1970 data, 
but it is reasonable t o  assert that considerably fewer firms were bvolved i n  
the industry at  that time. Table 24 presents the t o t a l s  of employment in the 
four years (1970, 1975, 1980, 1985) with the data f o r  the nonrequested years 
being deleted ( n - number of f i r m s  responding i n  t h i s  column). 

A 

: b  
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TABLE 23.- EST1PZATE OF TAL GXDT&€UUL SNPLOYMENT -(NUMBFEI 
GEXITHERMAL To TOTAL' EMPLOY"T,  BY YEAR* AND THE .PERCENT 0: 

icat ion 
Numlier 

1 
2 
3 
4 
5 
6 
7 
8 
9 .  

10 . 
11 

12 
13 
14 

15 
16 

17 
18 

19 
20 
21 
22 . 

23 
24 

29 
30 - . 

33 . 

197( 
# of 

'ersons 
'hployed 

0 

15 
(1976) 

0 
9 
1 

10 
1 9 n )  

1 
0 

15 

Persons : 
Employed 

15 
8 
55 

(1977). 

9 
12 
3 

- 10 
2 '.- 

(1978) 

1 
1 

. (1977) 

- 
g of 
' O M  - 

4 
'5 
1.2 
1977 

09 
.oo 

1976 
-00 i: 

'12.5 

?ersons 
hployed 

12 " 

25 
20 

, .  

14 s. 

I 
- 33 

7 

0 

of 
Total 

84 
80 

8 0003 
65 - 

- 
100 
100 

100 

100 

Persons 
ihployec 

65 

13 

0 
5 

24 

% of 
Total  

1.2 

8 0029 

100 

100 

20 
. loo 
100 

Blank spaces indicate that no information was provided. 
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TABLE .2rc'/: TOTAL, NUMBER OF PERSONS 2XPIOYED I N  GEIOTHERMAL ACTIVITIES 
. (excluding #data pertaining to nonrequested years) 

Yeari L222 1421 1980 . 1985 

Firms Involved in Research and Development 

An attempt was made t o  gain some understanding of the number of f i r m s  
involved i n  o r  t o t a l ly  dependent on research and development ac t iv i t ies .  Only 
six of thirty-four firms were involved in R dc D, f i ve  being to ta l ly  involved 
and the other devoting only 15 percent of its geothermal budget t o  t h i s  effort. 

Conclusion 

One of the main contributions of this pa r t  of the study has been the 
identification of occupations that are currently o r  are  expected t o  be con- 
s t r a in t s  on industry growth. These occupations were geologists, geophysicists, 
reservoir engineers, environmental engineers, and d r i l l i ng  r i g  personnel. 
but the last l i s t e d  are viewed by respondents as scwce nationally with several 
different industries competing fo r  a limited supply. Those surveyed i n  this 

par t  of the study explained that the geothermal in&stry is at a competitive 
disadvantage (especially as compared to the o i l  and gas industries) in bidding 
f o r  new job market entrants and experienced personnel. 

A l l  

The crux of the problem 
appears t o  be the lack of courses specifically related to the geothermal resource 
in sc ien t i f ic  and engineering curricula. 
are  asking f o r  subsidized training considerations comparable to those perceived 
t o  be given by government t o  the o i l  and gas industries. 

The feas ib i l i ty  of government supported training courses on a modest 
scale (in one o r  a few universit ies) should be explored. 
industry is t ru ly  a t  a competitive disadvantage, t h i s  action should be a step 
toward removing this inst i tut ional  barr ier  and l e t t i n g  the industry freely 
seek its own level  as a demander i n  the labor market. 

I n  e f fec t  these industry "spokesmen" 

If the geothermal 

ksi 
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The last occupational s o u p  
problems (e. g. , high twkover) due " 
hours, frequent travel, 'and Perno& :work. s%'tea) ; - Direct government actions 
are not recommended because of the character ^ - % .  of the problem. However, a 
streamlining of government regulations that would facilitate better planned 
drilling ef for t s  m i g h t  lead t o  more s tabi l i ty .  

the information forecasting purposes. This was used 
extensively in the formulation of a forecasting model which is discussed i n  

?ng personnel, has widespread 
%me of (the job ?(e.g. extended ; b i  

. .  
ution . * ,  . of the onal interyiews has been 

- . I  

" A  

the next section. ..i . I * I. .. . 





Based on the 

Chapter 4 

MANPOWER FORECMT 

Introduction 

information obtained from the personal interview phase 
of the manpower assessment s t u Q  and upon the other sources available, the 

following procedure was used to forecast manpower growth i n  the geothermal 
industry. 

which encompasses e lec t r ica l  
thermal a c t i v i t i e s  are large1 

i n  assessing t 
most ef f ic  ien 

Note that t h i s  forecast  is only f o r  that segment of the industry 

gy production. 
defined. 
h and potential  uses since d i rec t  use is the 

To date the direct use geo- 
This  may be a serious shortcoming 

of the resource. Therefore, a crude employment 
industry which is not engaged in commercial 

loped f o r  this study, 
the application of the multiplier, such a 

Despite the uncertain- 
t i es  that attend the forecast  
step is necessary in the development of a clearer picture of t h i s  re la t ive ly  
unknown segment of the 

t h  scenario f o r  

y optimistic extremes of a few years a g O m  

has been braught the assessments and expectations of the 

of industry output (e.g. , 
reference, it is' obvious that differences of 
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FIGURE 12, ESTlMATES OF We TO BE GENmATED 
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Source I 
(see below) 

(1) U.S. Department. of Energy, Interagency Geothermal Coordinating Council, Third Annual Reportr 
Geothermal lhergy, Research, Development & Demonstration Program (March 1979), p. XI. 

(2) U.S. Department of Energy, Interagency Geothermal Coordinating Council, Second A n n u a l  Report: 
Geothermal Energy, Research, Development & Demonstration Program (April 1978)' p m  5-6. 

(3) *U.S. Bureau of Mines Analysis, 1973. 
(4) *U.S. Department of In te r ior ,  "Assessment of Geothermal Energy Resources, L972." 
(5) *"The Nation's Energy Future," a report  t o  the President of the United States ,  submitted 

December 1, 1973, by the Chairman, A.E.C. 
(6) *W. J. Hickel, Geothermal Energy, 1972, 

*The references are given as c i t e d  i n  U.S. Consess, Senate, Petroleum Industry Involvement 
i n  Alternative Sources of Energy, Publication No, 95-54, 95th Congress, 1st Session, 1977, 
pm 61. 

c c 



Most sources have forecasted no additional commercial production 
except at  The Geysers u n t i l  1983. 

"he installed capacity w a s  502 We at  The Geysers in 1977, approximately 608 

However, there is disageement as t o  how 
r w i l l  come on line at  The Geysers during 1979, 1980, 1981, and 1982. 

78, and approximake 979. The best estimate 
rmation released by the 

timate for  1981 is considered t o  
ea.r t o  be more reasonable than 1288 MWe and 

sion of Geothermal Energy. '' The rat ionale  
ch we* given by the Energy Re- 

timated The Geyser's output by 
and approximately lo5 MWe f o r  1979. Es t imates  

have been updated in 197 the Department of Ehergy's Inter- 
but the forecasts  begin with the 

79 report)  is used beginning 
ysers)  and progressing through 

that other estimates are 

1 installed capacity 
t Hot Springs, Utah, I 
r m a l  Industry in 

Second Annual Reportr 
t ion P r o m  ( April 1978), and Third Annual Reportr 
Research,- Development & Demonstration Prog;r;lm (March 1979) 

Geothermal Energy, Research, Development & Demonstza- 
Geothermal Energy, 
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lower and that the results of the personal interview phase indicate that the 

IGCC scenaxio is lUrely t o  be optimistic. 

Assumptions 

W i t h  very f e w  exceptions it appears that all  increments i n  generating 
capacity w i l l  be either 50-55 MWe single turbine generator systems o r  dual 

systems counted a s  a 100-110 MMe unit. 
generating unit is mostly the result of constraining reservoir character- 
i s t i c s  (e.g.) w e l l  placing and l imitations on distance from wellhead t o  the 

'generating unit) . 

This l imitation on the siee of a 

Since most of ' the  manpower ailable t o  us are predicated on the 
How- completion of a 50-55 MWe f a c i l i t y ,  a convenient building block exists. 

ever, there is the problem of greater o r  less degrees of labor intensity if 
one is discussing uni t s  greater than 55 We. Intui t ion may lead one to con- 
clude that a 100 un i t  w i l l  require less manpower in a~ (o r  some) phases 
of development than two 50 M?e units. 
however, several different types of generating systems will be required over 

the next ten years -- i.e., multiple flash and binary systems -- which may 
require more intensive manpower use than current dry steam systems. 

of new technology may allow the development of what are currently considered 
less productive reservoir systems, but on the other hand there is no guarantee 
that manpower requirements will be significantly altered with larger units. 

T h i s  is but one example of a number of "countervailing uncertainties" in the 

future development of the geothermal industry, Therefore; f o r  this study it 
has been elected t o  assume that the manpoier requirements f o r  un i t s  signif- 
icantly larger than 50 Ne are simply a linear multiple of the requirements 
for the jO Me unit. 

(especially pertinent is the personal interview survey) various estimates 
of the technical l imitations and manpower requirements i n  various a c t i v i t i e s  
have been provided. I n  most cases respondents provided an interval estimate. 
Based on t h i s  format a m i n i m u m  and a maximum manpower requirements schedule 

Tkiis has some appeal in the short run ;  

Application 

. 

During the course of t h i s  investigation into the geothermal industry 

can be constructed. 
of the estimate t o  the extent that the range has been increased. 
information becomes available in the future,  the estimated range of require- 
ments and the margin of e r ror  should be decreased, 

I n  effect t h i s  process has only decreased the uncertainty 

As more  

- 
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The nature of the information available was  qui te  useful i n  forecasting 
b, gross employment. 

presents a number of technical problem&-which w i l l  be discussed later. 
knowledge of par t icular  occupations i s  supplemented somewhat from the views 
of employers concerning current and expected scarc i t ies  i n  cer ta in  occupations, 
as noted i n  Chapters 4 and 6. 

However, an employment forecast of a more specif ic  nature 

Also, 

The following.is the set of general assumptions underlying the 
forecasting model: 

(1) The pace of development of e l e c t r i c a l  energy production w i l l  
proceed as outlined under the previous section, Geothermal 
Elec t r ica l  Energy Growth Scenario. 
The occupational s t ructure  of the industry and of individual 
firms w i l l  not be radically a l tered from i ts  current s ta tus  by 

(2) 

l y  considerations or-by technological change. 

(3) Technology w i l l  neither speed up nor slow down the various 
a c t i v i t i e s  involved i n  bring a power plant on l i n e  o r  i n  

, operating and maintaining a 

e (4) Manpower requirements for  plants larger  (or smaller) than 50 MW 

are a l inear  multiple of the requirements derived fo r  a 50 MWe 

plant,  regardless of the resource character is t ics  
Current or proposed changes i n  regulatory requirements w i l l  
nei ther  increase nor decr 

As previously discussed, the s 

( 5 )  

the  low estimate) 
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(4) 

Low - 
The minimum w e l l  depth require- 

ment is 7000 feet .  

The maximum dr i l l i ng  rate is 200 
f e e t p e r  24 hour day. 

The minimum requirement t o  operate 
and maintain a d r i l l i ng  r i g  24 
hours per  day is 20 persons. 

23.33 is the m i n i m u m  person 
months required per  7000 foot 
well. (7000'/200' = 35 days, 
and 35 days x 20 persons = 700 

person days which, if divided by 
30 days, = 23.33 person months). 

The same requirements exist f o r  
exploratory and production wells. 

The m i n i m u m  number of exploratory 
wells needed is one. 

The minimum number of production 
wells needed f o r  a 50 We plant  
is ten. Therefore, the requhe- 
ment in  person months would be 

16 23.3 x 10 233.3. 

The m i n i m u m  requirement f o r  power 
plant construction (50 MWe) is 

2400 person months. 

The manpower requirement in per- 
son months f o r  construction of 
the reservoir feed system is 

High 

The maximum w e l l  depth require- 
men t that is economically f easi- 

b l e  is 14,000 feet. 

The m i n i m u m  drilling rate is 

100 feet per  day. 

The maximum requirement t o  oper- 
ate and maintain a d r i l l i ng  r i g  
24 hours per  day is 24 persons. 

112 person months is the maximum 
required per  4,000 foot w e l l  
(14000'/100' = 140 days and 140 
days x 24 persons = 3360 person 
days which if 'divided by 30 days = 

112 person months). 

The same requirements exis t  f o r  
exploratory - and production wells. 

The maximum number of exploratory 
wells needed is five.  

The maximum number of production 
wells needed f o r  a 50 MWe plant  
is twenty-four. Therefore, the 

requirement in person months 
would be 112 x 24 = 2688. 

The maximum requkement f o r  power 
plant construction (50 me) is 

4800 person months. 

Same requlrement as the m i n i m u m  

estimate (i.e., 4800 x .25 = 1200). 

Li 

16There has not been b u i l t  into the model a method of including replaGement 
wells. This is an extremely d i f f i cu l t  =ea t o  quantify. However, the range b 
of estimates should be sufficiently broad t o  take t h i s  factor  into account. 



25 percent of the requirement 
f o r  construction of the power 
plant  (i.e., 2400 x .25 = 600). 

(11) One person (12 person months) , (11) Four persons (48 person months) 
per year is required 
and maintain the reservoir feed . . 

system. oysterno 

per year are required to operate 
and maintain the reservoir feed 

(12) 80 person months are required (12) 240 person months are required 
t o  construct the transmission t o  construct the transmission 

l i n e s  f o r  a jO MWe plant. lines f o r  a 50 MWe plant. 

(13) 100 person months per  year ace (13) 360 person months per  year are 

required t o  operate and main- 
tain a 50 MWe plant. 

required to  operate and main- 

tain a 50 MWe plant. 

The Forecast 

- Using person months as the common unit of measurement, the minimum and 

maximum t o t a l  requirements for new plants  can now be calculated f o r  1985 
and 1990 

sing 1979 as the base year 
ence is a 8 2  me* If 

ded from the 
manpower s t ructure  -is 1 
nature, the legal l imitation on -the length of time they can-operate, and I 

t h e i r  l imited s ize ,  
two t o  three p lan ts  

lusion of this category only deletes  

W 



300. o 

233.3 (product ion d r i l l i ng )  

(resource exploration and assessment) 
23.3 (exploratory d r i l l i ng )  

2400.0 (power plant  construction) 
600. o (feed system construction) 
12.0 

100.0 
(ope&tion and maintenance of feed system) 
(operation and maintenance of power plant)  

+ 80.0 (transmidsion l i n e s  construction) 
3748.6 (Total person months) 

The maximum manpower requirement i n  person months f o r  each 50 Me uni t  
is as follows; 

360 
560 

2688 
4800 
1200 

48 
360 

4- 24.0 
10256 

(resource exploration and assessment) 
(exploratory d r u l i n g )  
(production drilling) 

(power plant  construction) 
(feed system construction) 
(operation and maintenance of feed system) 
(operation and maintenance of power plant)  
(transmission l i n e s  construction) 
(Total person months) 

Therefore, the t o t a l  manpower needs i n  order t o  have 3090 We on line 
in  1983 w i l l  be in the range -- 163,438.96 person months and 447,161.6 person 
months, calculated as follows: 

3,748.6 K 43.6 (power plants) = 163,438.96 (person months) 
(person months) 10,256.0 x 43.6 (power plants) - 447,161.6 

Dividing by 12, the above figures are converted t o  a full-time equiva- 
len t  (FTE) number of workers. The range i n  t h i s  case is 13,620 - 37,263. 
that t h i s  is a considerable underestimate in the actual number of persons 
involved i n  the industry. 
ease of substi tution of d r i l l i n g  rigs between the geothermal, o i l ,  and gas 

industries,  (2) the uniform requirement f o r  constructing electrical trans- 
mission lines which allows the use of the same personnel t o  perform t h i s  task 

regardless of the power source, and (3) the general a b i l i t y  of many firms 
t o  switch personnel from geothermal to other a c t i v i t i e s  (and vice versa) as 
the need arises. A l s o ,  individuals responding t o  our mail survey indicated 

Note 

This is especially t rue when considering; (1) The 



tha t  a large number of persons are associated with the industry only on a 
p a t 4  ime basis. 

W 

The increment i n  t mber of 50 We plants  inclusive of the period 
from 1986 through 1990 is 124.5. 
previous section, the minimum re  
= 466,700.7 person months and the maximum requirement t o  be 10,256 x 124.5 
= 1,276,872, o r  

g-the same computations as In the 

n t  is  estimated t o  be 3748.6 x 124.5 

92 t o  106,406 FTE persons (with the same qual i f icat ions 
as above, that t h i s  would be a downward biased estimate). 

Total Manpower Requirements f o r  1980 t o  1990 Forecasted Growth 
(New Plants)  

The t o t a l  number of 50 plants  r e q u b d  from 1980 through 1990 
is 168.1. T h i s  implies an estimated t o t a l  manpower growth requirement dur- 

ing t h i s  period t o  be: ,! 

m i n i m u m  3,748.6 x-168.1 = 630,139.6 person months 
maximum 10,256.0 x 168.1 = 1,724,033.6 person months 

o r  52,512 t o  143,669 as a downward biased estimated 
required. 

of t o t a l  persons 

cerning the replace- 
i t y  in which turn- 
een assumed to be 

zero i n  the forecast. e t o  the na t  
the ina~stry (in t e  rt time horizon 

qui te  small. (e.g., 50 We) com- 
pared t o  a coal f ired power plant  complex (e,g. 
manpower requirements are therefore much lower and produce socioeconomic 

impacts of a much smaller magnitude. 

750 We). The accompanying 

The impact is of course much greater 

W 

\ 
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in areas where multiple plant developments w i l l  be concentrated f o r  example, 

in Imper ia l  Vd ley .  18 

Third, as are al l  power plants,  the geothermal plants  are subject 
to a number of regulatory screenings and controls which slow down the 
development process. Currently, the regulatory p cess, other planning 
requirements, and actual. construction seem t o  require a minimum of &1/2 
years from initial exploration to completion of the power plant. 
should provide 
u t i l iw t ion .  

This 

l e  time f o r  p g manpower ava i lab i l i ty  and ef f ic ien t  

In connection with t h i s  t h i r d  factor no attempt was made t o  time 
The reasoning was that th i s  would only phase the manpower requirements. 

serve t o  unduly complicate the forecast ,  especially since various sources 
are in disagreement about the amount of power t o  come on line in the future 
and a l so  about when and where p lan ts  w i l l  come on line. 

determining the ne t  employment requirements khat w i l l  be generatedby indus- 
try growth. 
required t o  put a given output on line in  a benchmark year w i l l  carry over 
into succeeding y e a s  and can therefore be subtracted f r o m  the t o t a l  require- 
ments. The second is that operations and maintenance personnel w i l l  become 
a fixed requirement with the .physical faci l i t ies  once they are established. 

There are two areas which can be given special  consideration i n  , 

The f irst  is that one can judiciously assume that the manpower 

The first area of special  consideration is perhaps the more a i t r a r y ,  

The year 1978 has been chosen as the base line year of employment. 
but such an assumption is necessary in the e f fo r t  t o  produce more  accumte 
estimates. 
In order t o  meet the forecasted output f o r  1979 an addition of 300 MVe was 
made over the 1978 output which was 608 We. In the building block estimate 
of 50 We plants  t h i s  addition w i l l  therefore require the manpower capabili ty 
for  developing six new units. Therefore, t h i s  "existing" manpower base w i l l  
be subtracted from the 1985 and 1990 t o t a l  estimate of manpower requirements 
i n  order t o  produce the net  requirements. 
ments are assumed t o  be zero throughout the eleven year period, including 
1980-1990 inclusive . 

Recall that replacement require- 

%ee, Geothermal Element: Imperial County CdLifornia, National Science 
Foundation G r a n t  No. AER-7j-08793, 
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a Given the choice of a bkse year t o  assess the existing manpower stock 
in  order t o  azrive at net  future requirements, Table-25 has been included so 
the reader can understand the discrete changes in  output as forecasted fo r  
each year and how the 'choice of 1978 compms with other ye-. 
note that a f e w  months delay (or advancement) of the power-on-line schedule 

for  a f e w  plants might greatly alter the percentage estimates f o r  certain ' 

years. .Also, note that different sources w e r e  used in Table 25 because not 
all were concerned with the same time horizon and not all began with the same 

base year. 

t, 

However, 

TABLE 25. GROWTH IN ELECTRICAL ENERGY PRODUCTIDN 

Forecasted (or  achieved) Percentage Change 
Y e a r  Output in MWe f r o m  Previous Year 

1977 502 _- 
1978 608a 21.0 
1979 9 0 p  49a3 

9.0 
1980 971b 60 9 
1981 1, 301a 
1982 1,680 290 1 
1983 3004 
19@+ 100 0 
1985 28.2 



74 

Before subtracting the "existing" manpower base f r o m  t o t a l  require- 
menta, the second consideration, operation and maintenance personnel, must 
be discussed. 
will require a complete operation and maintenance staff that generates an 
equivalent number of new hires i n  the industry. 
of the manpower stock cannot be carried over into the future plants, it 
must be deducted f r o m  the total stock f o r  the base year.19 The computations 
are i n  Table 26. 

It is reasonable to assume that each new plant and feed system 

Therefore, since t h i s  par t  

TABLE 26. MISTING MANPOWER SMCK (IN PERSON MOWrIS) FOR 1 
(Le. , capability t o  bring six 50 MWe power plants  on line 

Minimum Maximum 

300.0 (resource exploration/assessment ) 
23.3 (exploratory dr i l l ing)  

233.3 (production dr i l l ing)  
2,400.0 (power plant construction) 

600.0 (feed system construction) 
12.0 (operation/maintenance of feed 

100. O (operation/maintenance of power 

4 80.0 (transmission lines construction) 

system) 

Plant 1 

3, 748.9 - 112.0 (combined operation/maintenance 
personnel) 

3,636.6 

360.0 
560.0 

2,688.0 

1 , 200.0 
4,800. o 

4.8. o 

360.0 

4- 240.0 

10 , 256.0 
- 408.0 
9, 848.0 

3,636.6 x 6 (power plants) = 21,819.6 9,wa x 6 = 59,088 

190f course highly sk i l led  individuals are indeed moved f r o m  one plant to 
another, and less ski l led individuals are carefully screened f o r  training 
programs that enable them t o  move into higher positions at new p&ts o r  
existing plants. 
be managed through the internal labor market, the demand will still be 
forthcoming f o r  the new hires at the bottom of the skill ladder. 

However, even if occupational growth in  the industry can 
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These m i n i m u m  (21,819.6) and m@.nnxn (59,008) estimates can be 

deducted f r o m  the t o t a l  manpower reqqirements f o r  1985 and 1990, but a 
final assumption must be made, 

brought. on line with existing capabilities by 1985 and that an additional 
six plants can be brought on line by 1990. 
time frame it follows that existing manpower ,is capable of bringing twelve 
plants on line. 

itre presented in Table 27. 

1 

It is assumed that .six power plants can be 

Therefore, in the 1980-1990 

The estimates f o r  ne t  employment gains in the forecast 

TABLE 27. NE2 EMPLOhlEXC GAINS I N  PmON MONTHS 

N e t  Erqployment Gains 1980 - 1990 (person months) 

Minimum Maximum 

163,438.96 (total forecasted employment W7,161.6 
in person months) 

months to bring six power 
plants on line by 1985) 

- 21,819.60 (1979 capability i n  person -599088.0 

141,619a36 (net ga on mon 8,073.6 

Net Employment Gains 1986 - 1990 (person months) 

. Minimum Maximum 

466,700. 7 1,276,872.0 

lblC4.8 881.1 1,217,784.. 0 
I 

N e t  Employment Gains 1980 - 1990 (person months) 

Maximum 

f o r  12 power plants) 

Lt’ 



A s  has been previously explained, the conversion of person months 
to expected full-time new hires  by dividing by twelve w i l l  be a considemble 
underestimate of the t o t a l  number of people that are l ike ly  t o  be employed 
in  the industry because of part-year employment and fluctuation between 
geothermal and nongeothermal act ivi t ies .  The reader is urged t o  keep t h i s  

qualification in mind in examining Tab le  28. 

The Application of Multipliers 

The broader empirical ana3ysis derived f r o m  the mail survey can be 

used to develop a general multiplier f o r  additional employment generated in 

the industry based on on-site development ac t iv i t ies .  These a c t i v i t i e s  may 

include such categories as investment, l e e ,  and research and development. 
However, it is important t o  keep in mind that many "employees" themselves 
may a l so  be attached to  other industries and only involved in the geothermal 
industry on a part-time basis. 

TABLE 28. NEI' FTE ElMpulyMENT GAINS (NEW HIRES) 

N e t  FTE Employment Gains 1980 - 1985 (new hires) 

Minimum Maximum 

11,802 32,339 

N e t  FTE Employment Gains 1986 - 1990 (new hires)  

Minirmun Maximum 

37,073 101,482 

Net FTE Employment Gains 1980 - 1990 (new hires)  

Minimum Maximum 

48,875 133,8ua 

%otals may not be completely consistent because of rounding. 
a _ .  



. I  

e exploration-'and assessment, 

of consistency, t h i s  is the portion of the matrix (s ter 3) which w i l l  
w i l l  be developed 

only f o r  the private sector, but  
expected employment i n  

Since the forecasting mode 

I 

months = 9,Ollperson months. It shouldbe noted that this is only what 
ly that some portion of the other 

i t ies that were deleted, t h i s  should 
not be a serious problem 

Taking the 9,011 person months derived abova a r a t i o  can be formed. 

cannot be direct ly  re1 

questionable assumptions abaut fixing the r a t i o  of employment i n  other 
organizational types t o  the private sector, 

- _-  



it is not recommended that it be used as a rigid multiplier. In  order t o  . 

estimate the f u l l  impact of employment within the industry, the multiplier 
C& be applied t o  the ne t  employment gains which were calculated in the last 
section. With the same res t r ic t ions  holding, the t o t a l  i n d u s t q  employment 

tes are as followsr 

TABLE 29. TOTAL INDUSTFU ENPLOYMENT GAINS , 

Total Industry Emp loyment Gains 1980-1985 (new hires)  

Minimum Maximum 

30 , 685 84,081 

Total Industry Employment Gains 1986-1990 (new hi res )  

Minimum Maximum 

96 ,390 263,853 

Total Industry Emp loyment Gains 1980-1990 (new hires) 

Minimum Maximum 

127,075 97,935 

It is important t o  keep i n  mind that the above estimates are a separate 
avenue of approach from the forecast  by specif ic  occupational groups in the 
appendix. 
which are not d i rec t ly  connected with on-site developments. The mult ipl ier  
approach is used here because it is qui te  compatible w i t h  our estimated on- 
site requirements t o  bring a power plant  on line. 

The 
smaller scale of f ield development, power plant  construction, and operation 
and maintenance a c t i v i t i e s  in the geothermal industry can be expected t o  pro- 
duce less secondary employment than a development such as a coal-fired power 

plant. No secondary employment multiplier was developed f o r  t h i s  study, but 
one study which evaluated the continuing development at The Geysers stated 

that 1.19 secondary jobs are generated f o r  each job d i rec t ly  connected at  
the site. 

The latter does, in part, compensate f o r  the variety of occupations 

Secondary employment multipliers are perhaps the most uncertain. 

21 

-- 
q a l i f a r n i a  Energy Resources Conservation and Development Commission, 

Consultant Report, p. V-C-1. 
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Finally, the a b i l i  turn a mediocre employment picture into a 
highly optimistic outlook by the application of a simple multiplier is recog- 
niaed. Therefore, the reader is urged t o  study the construction of the base 
to  which the mult ipl ier  in t h i s  study has been applied. 

.hi 

Supply Considerations 

Established channels of manpower supply are still nonexistent i n  cer- 
t a i n  pa r t s  of the geothermal industry, especially where formal t ra ining pm- 
grams a m  concerned. The geothermal. industry must compete in the national 
maxket fo r  sc ien t i f ic  and engineering expertise. But university t ra ining f o r  
geothermal related areas is limited to a few classes at  a small number of 
univers i t ies  and to specific t ra ining f o r  graduate students on research 
pm jects ,  

The supply of d r i l l i ng  personnel is bes t  understood by viewing the 
drilling ac t iv i ty  as a separate industry. 
a high turnover rate rather than initial recruitment, and the basic causal 
fac tor  is the undesirable nature of the job. 
consideration has been the ava i lab i l i ty  of r i g s  zxther than labor. 
t h i s  was not  a main thrust of the investigation, l i t t l e  evidence w a s  found 
to support the contention of a widespread shortage of r igs .  

The supply of skilled construction personnel appears t o  be handled 
through union hiring halls, and the unskilled labor is supplied from the 
populace surrounding the development area. 

"he problems zce associated with 

I n  the pas t  the crucial  supply 
Although 

d operation and maintenance 
motion and training. A t  1 are basical ly  %he result of in 

t it does not  appe 
Remote locations 

and provided ample 

Finally, a 
gmwth have thus far precluded 

wer needs and assuring adequate supply. 
n concernbg q p l y  o f  p a r t i c u l a r  occupations can be 

found in the technology as personal h t e n r i e w  . 
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L Comparison of Forecasted Geothermal Employment 
w i t h  Other Energy Related Jndustries 

I n  order to gain some perspec on the forecasted geothermal employ- 
ment, comparisons with a few other industries are i n  Table 30,= The Bureau 
of Labor S t a t i s t i c s  has projected employment i n  a base case and i n  a high 
employment alternative case fo r  1985 and1990. 
parison W i t h  &is study's minimum and maximum estimates, and these are given 
as Table 30 on the following page, 

Although the BmLoS. projections do not include the newer alternative 
energy industries, some investigators have made the following observation, 
"Althou@ the subject of great interest and publicity, the 'emerging tech- 
nologies' -- solar, geothermd, fusion, and bioconversion -- w i l l  not be 
large sources of new jobs over the next 8 to 10 years, 

ment f o r  the geothermal industry is founded in the achievement of projected 
output (power-on-line) as described by the IGCC's scenario. Also, its 
technique of forecasting a range of employment f o r  a given year is based on 
lninimum and maximum labor requirements to achieve a given task or  complete a 
part icular  ac t iv i ty  (emg., w e l l  ctrilling) -- not on al ternat ive output 

This facilitates easy com- 

i i  23 

It is important to keep in mind that t h i s  study's fomcasted employ- 

scenarios. 

Forecast of Employment by Occupation 

The forecast  of employment &wth by specific occupations stands 
upon much weaker logical  and pract ical  foundations than other par t s  of this 
study. The c r i t i c a l  expl ic i t  assumption is that the occupational structure 
w i l l  not change during the forecasting period. 
technique is used w i t h  the additional assumption that employment has a di rec t  
( in this case, l inear )  relationship with outputm 

Then the fixed coefficient 

However, the use of this 

2%nformation about other industries was taken f r o m  Valerie A. Personik, 
oyment: BLS Projections to 1990," Monthly Labor 

Review, 102 (April 1979 "p' : 3-14, especially pages 8-9. 
"Industry Output and 

2%111is J. Nordlund and John Mumford, "Estimating Employment Potential in 
UaSm Energy Industries," Monthly Labor Review (101) (May 1978)t page 10. 

w 
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TABLE 30. COMPAEZZSON OF FOKECASTED mm m ENERGY 
REtATED INDUSTRIESa 

Minimum Maximum 

1985 1990 1985 1 9 0  
Geothermal 11,802 37,073 32,339 101,482 

High Emp loy- 
Base Case ment Altern&bives 

1985 190 1985 
coalmining , 43,000 86,000 49,000 101,000 

es developed f r o m  the personal interview 
phase of our study, A s  previdusly stated, the Project Indepen dence list is 
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believed to be- the most comprehensive available. ., However, it is based on a 
hypothetical industry structure much different  than that developed in t h i s  

‘forecasting model. Therefore,. the solute and relatitie quantit ies of 
individudls required in  each occupation are highly questionable f o r  purposes 

, 

of this study. 
On the other hand the occupational prof i les  developed f r o m  the per- 

sonal interviews are based on an observation of par t icular  firms’engaged in  
different ac t iv i t i e s  at a given point in time. This contrasts to the Project 
Independence prof i les  which were constructed on the basis of need to complete 
a hypothetical plant in the future. 
prof i les  in this study are only piecemeal and therefore can not by themselves 
be used to make forecasts. 
prof i le  fo r  resource exploration and appraisal lists that three geologists 
itre required in t h i s  ac t iv i ty  (leading to the construction of a 200 Mw, llry 
steam plant). 

One problem is that the occupational 

For example, the Project Independence occupational 

I n  the personal interviews seven firms responded that they 

employed a total of 29 geologists f o r  this purpose, 
numbers (3 + 29) were added to obtain a total  of 32. This is the number that 

appears f o r  geologists i n  this ac t iv i ty  i n  the occupational list and forecast 
in Table 31 on the next page. 
procedure w i l l  a t  least assign greater re la t ive  weights to those occupations 
which have grown the most since the Project Independence tes were made. 

This process was performed f o r  each common occupation f r o m  the two sources, 
and when occupations were only l isted f r o m  one source, the accompanying 
number given in that source was used. Also, e f fo r t s  were made to combine 
some occupations under a single heading (e.g., Administrative Management/ 
Clerical), and to conibine some different occupational titles under one term 
when it appeared there was no significant difference i n  job content (e.g., 
ass i s tan t  driller and derrickman). 
(1977 Edition) was used in this e f fo r t  
ing pages are the results of this procedure. 

The end result of the process outlined above w a s  that each occupation 
has a t o t a l  number of individuals which, when divided by the total number of 
individuals i n  the complete industry occupational structure,  yields a propor- 
t ion which can be used as a forecasting coefficient,  given- the above assump- 

tions. This coeff 
maximum net  gain 

Therefore, the two 

Though not a precise method, hopefully t h i s  

t is thh multiplied by the forecaste ‘ 

total employment f i d s  f o r  1980-1 

’ I ’  
\ 
\ ‘  

Li 



TABLE 31. RESOURCE EXPLORATION AND ASSESSME~T 

. Ceochendst 

3 

Others - 
Laborers 
Truck DrLvers 

> 



~ ~ 3 2 .  DRILLING 

:sr Summed T o t a l  of Individuals Forecasting Derived New Employment Estimated from Forecasted Growth 
Coefficient 1980-1985 1986-1990 1980-1990 from Surveyed Firms and 1 7  

Project Independence (percent) Min Max Min Max Min Max 

Job Foreman 

Drilling Foreman 

Driller 

Derrickman ( A s s t .  Driller) 

Motoman 

&ip&iter 

Welder 

Crane Operator 

Laborer 

13 

13 
24 

29 

4 

4 

2 

1 

2 

12 - 

173 

173 

320 

387 

53 

53 

27 

13 

27 

160 - 

475 

475 

876 

1061 

146 

146 

74 

57 

74 

44.0 - 

545 
545 

1005 

l P 6  

167 

167 

85 
42 

85 

504 

1492 

1492 

2750 

3329 

457 

457 

233 

116 

233 

1380 

718 1967 

718 1967 

1325 3627 

1603 4389 

220 602 

220 602 

112 308 

56 19 
112 308 

665 1820 ' 

TOTAL 104 TOTAL 1386 5749 15744 

- 1 
I 

I- 

C C 



TABL~ 33. RO~ERVOIR FEED =STEM (Construct&on) 

Forecasting Derived New Employlrsent Estimted f r o m  Forecasted Growth 
Estimate from Coefficient 1980-1985 1986-1990 1980-1990 

hrojeat Independence (percent) Min Max Min Max Min Max 
I 

S c i a t i  sts/mgtneers i I 

I m & ~ ~ ~ i ~ a l .  Engineer 23 I l l 2  
C i v i l  hgheer 23 

, ' Subtotal i 

Te6hnicisns 

u 2  308 

1057 
84 

23 
Route Surveyor .% 

Field Supervidon/Inmection 

112 

211 578 278 \ I  

Foreman 2 .a 27 74 85 
Inspector 2 a 3 4  ll0 

Subtotal 5 
Sldlled Labor 

Welder a45 
Carpente 23 
Concrete .45 
Dozer Op 23 
Crane Op 23 
Insulati .68 

167 

457 
27 74 233 
27 74 85 233 

2303 

220 I 602 
112 308 
220 602 
u 2  308 
112 

Other - 
Truck Driver a45 220 602 - 3 + % - % - E - m  Subtotal 4 

WTAL 40 535 1467 1682 4605 2216 6076 

--- I 



TABUZ 34. RESERVOIR FEED S Y S ~  (operat ion/mainte)  

Forecasting Derived New Employment Estimated From Forecasted Growth 
Estimate Coefficient 1980-1985 1986-1990 m198”’WM 

---_ 
ProAect Independence (percent 1 Max n 

Field Operator 

Foreman 

pipefitter 

e 23 

ell 

23 

27 7? 85 233, 

13 37 42 116 

27 74 85 233 
Welder 1 e l l  13 37 42 116 56 154 
Insulation Installer 2 23 27 74 85 233 112 308 

- 1 ell 1337 - 42 - 116 s6 22 Crane Operator 

TOTAL 9 TOTAL 120 333 381 1047 504 13% 

c 



TABLE 35. CONSTRUCTION OF POWER PLANTS 

c 

Summed Total of  Individuals Derived New Employment Estimated from Fomcasted Growth 

Structural Engineer 
Mechanical Englneer 
Civil w e e r  
Electrical Engineer 
Corrosion Ehgineer 
Processing Engineer 
W l l i n g  Ehgineer 
Geological &&ne 

Adadnistrative Management/ 
C l e r i c a l  

Specialized Management 
Procurement SpeciaU st 
Land Management 
Lawyer 
Comptroller 

Technicians 
lhftSlEk!l 
Surveyor 
Instrument Technioian 
Pipeline Technidan 
Mr Quality Technician 
Noise Pollution Technidan 
Technical Assistant 

11 1.24 147 4ol 460 1258 606 1659 
1158 3172 
665 1820 

879 1405 
504 1380 

21 2.37 280 766 
12 1.36 160 440 

797 -2182 109 2877 
116 7 56 154 

19 2.15 695 
42 

455 
37 

42 116 154 
42 116 154 
42 116 154 

,274 I 749 
154 

181 208 
42 56 a 440 1204 

398 

ll0 126 345 
1 b l l  

.34 3 
1 a l l  
1 a l l  
1 3 

.11 

Subtotal 34 

2 
1 
3 

Subtotal 33 

27 74 85 233 112 308 
56 '154 42 116 
166 455 40- llo 126 345 * * u m & g ! g g  

440 1207 1384 3789 1825 4999 

l 23 
a l l  13 37 
a 3 4  
3.05 

- 2 2  
8 
4 

Subtotal P 2 

2.49 
a 90 
.45 
.34 
.ll 
ell 
a 3 4  

293 
107 
53 
40 
13 

559 
- 3 

805 
2% 
146 
ll0 
37 
37 

& 

' 923 
334 
167 
126 
42 
42 
126 mi 

2527 
%3 
457 
345 
116 

1217 3332 
440 1204 
220 602 
166 455 
56 154 
56 

2321 

Q3 



TAEILE 35. CONSTRUCTION OF POWER PLANTS (cant.) 

Sunnned Total of Individuals Forecasting Derived New Employment Estimated f r o m  Forecasted Growth 
from Surveyed Nrms and Coefficient 1980-1985 1986-1990 1980-1990 
P h j e c t  Independence (percent) Min Max Min Max Min Max 

Field Supemision/Inspection 
Construction Superlntendent 
F o r e m  
Inspectors 

Skilled Labor 
ELectricisn 
Pipef'i tter 
Welder 
Millwright 
Machinist 
Ironworkar 
wwr 
Concrete Worker 
Sheetmetal Worker 
Carpenter 
Plumber 
Insulation Installer 
Tile Setter 
Painter 
Crane Operator 
Pile Drlver 
Boilermaker 
Bwippment Operator 

others 
- 5  

Teamsters 
Toolpushers 
Contract Support People 
Comn Laborers 
Drilling H e a d  
Warehouseman 

2 
3 x 

Subtotal 22 

21 

8 
2 
16 
8 

1i 
60 
4 
4 
2 
4 
4 
4 
2 zr 

Subtotal PO 

13 
2 
2 
42 
1 

Subtotal aif 
TOTAL 488 

23 
m 3 4  
11 92 

2.37 

a 9 0  
90 

8 23 
1.81 
8 9 0  

1.69 
a 6 8  
6.78 
845 
845 
* 23 
45 

8 45 
845 
23 

3.05 

lo 69 

la47 
0 23 
I 23 
4.75 
a l l  
8 3 4  

27 4 
280 
200 
107 
107 
27 
213 
107 
200 
80 
800 
53 
53 
27 
53 
53 
53 
27 

360 
2800 

173 
27 
27 
560 
13 

-3% 

6052 

74 
110 - 6P 
805 

766 
547 
291 
291 
74 

585 
291 
547 
220 
a92 
146 
146 
74 
146 
146 
146 

74 

475 
74 
74 

1536 
37 
110. w 

16591 

233 112 
126 345 166 

85 

% @ i %  

879 2405 1158 
627 173.5 826 

4J+Q 334 
334 913 
85 233 112 

=5 
440 

673. 1836 

913 826 
334 
627 173.5 
252 690 332 
294 6880 333.4 
167 457 220 
167 457 220 

85 233 112 
167 457 220 
167 457 220 
167 457 220 

913 440 

545 
85 
85 

1761 
42 * 

. 126 

1492 73.8 
233 ~ 112 112 

- 2 . 9 5 %  7239 

233 
4820 2322 
116 56 

19022 52063 25076 

308 

3332 
z 
372 
2262 
1204. 
1204 
308 
2422 
1204 
2262 
9lO 
9073 
602 
602 
308 
602 
602 
602 
308 
482 

28129 

c c 



OPERATION AND MAINTENANCE OF €'OWES 

Flant Superlntenden t 
Shift Foremau 

SI;illed Labor 
I M l l l e g ; h t  

mhinist 
Pipefittar 

r Helder 

Craneoperator , 

Laborer 
Other 

1239 34432 

83 



L1 and 1980-1990. 
of individuals) f o r  each occupation f o r  these different  categories. 

to c w l e n g e s  on maqy pra  
no a3ternative approach 

This method, therefore, yields  the requirements (in the number 

This forecasting approach is admittedly highly srrbitrary and subject 
theoret$c&l grounds. 
The' defense l i e s  in whe 

ct ions are more useful than none. 
f ining this technique o r  developing a b e t t e r  one which w i l l  y ie ld  more 

*P l e  forecasts  and w i l l  more accurately reflect the unique character- 
istics of the geothermal resource. 
on understanding the technique used) of the actual numbers generated by the 
model is urged. 
of forecasting makes it clear that even highly accurate forecasts  may lead t o  
the wrong policy choice because of a failure to  understand the construction 
of the forecasting model. 

If so, criticisms should be directed 

Finally, a liberal interpretation (based 

The reader should be aware that the literature on the subject 

Having eqosed  the most important p i t f a l l s  of the model and its results, 
some of the more posi t ive features w i l l  be discussed. 
that a more complete and timely occupational structure of the industry than 
previously existed has been developed. 
prof i les  f r o m  the personal interviews revealed new occupations that were not  
listed i n  the Project Independence list -- e,g., land managers, environmental 
engineers and technicians, and area planners. Also, by adding the quantity 
of individuals i n  common occupations f r o m  the two sources, it is believed 
that the occupations which have grown the most since 1974 have received the 
additional re la t ive  weights in calculating the i r  coefficients. Inspection 
of the results presented i n  Tables 31-36 reveal that many of the occupations 
described as bottleneck occupations in the personal interviews represent a 
considerable proportion of the industry, especially sc i en t i s t s  and engineers. 
Based on the forecasting method, this also means the i r  r e l a t ive  growth require- 
ments w i l l  also be high, and scarci ty  of these types of expertise may be even 
more  of a problem i n  the future. 

F i r s t ,  it is believed 

I n  several areas the occupational 
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Chapter 5 

’EXX”NL0GY A S S E S S m  

Introduction 

The necessity f o r  a technology assessment of the geothermal industry 
is founded on two basic factors. 
of the energy resource on which the industry is based, For example, the 

technology necessary to develop and u t i l i z e  hot water, hot rock, o r  geo- 

The first concerns the heterogeneous nature 

d geothermal energy is significantly different  f r o m  the technology 
o r  dry stem. 

than dry steam w i l l  require technological modifications o r  the introduction 
of new technology, assuming a 

alternative energy resources. 

Economic development of geothermal resources other 

mble relationship with the pr ices  of 

The second factor creating necessity f o r  a technology assessment 
hnical obstacles which must be over- is the lack of understanding of the 

come i n  order f o r  industry growth t o  proceed at  its anticipated rate. 
nological changes that support and 

alter the quan 
productivity c . Inmakfng ections it is prudent t o  take 

Tech- 
ce t h i s  growth will, in some degree, 

and quality of manded by the industry vis-a-vis 

e impact of technology, at least- i n  a qual i ta t ive sense. 
t emerging in t h i s  pa r t  of the study that is re1 

current manpower assessment is the perception of whether o r  not sc . 

widely perceived phenomenon. tJ 

93 



The importance of research and development manpower receives even greater 
emphasis from a different  report. 

It may be concluded that competent people are the major 
resource f o r  innovation. A primary responsibil i ty of manage- 
ment is then the selection, development, retention, and effec- 
t ive  u t i l i za t ion  of technical personnel, including the facilita- 
t i on .  f personal contacts both inside and outside the organiza- 
tion, 85 

General Method of Approach 

The first step was t o  conduct a librsture search in order t o  deter- , 
m i n e  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 
relat ively new o r  "infant" industry, there have been in  recent years a number 
of publications dealing exclusively o r  in pax% w i t h  geothermal technology. 26 
I n  addition the subject is continuously explored in numerous journa2.s. 27 

The literature search served dual purposes. F i r s t ,  it helped identify 
the par t icular  technology developments necessary f o r  projected industry growth, 
and second, i t -es tab l i shed  the footing on which the Delphi method (explained 
below) w a s  based. 

assessing the impact of novel technology on industry growth and w e r e  not 
direct ly  conoerned with the ultimate results i n  terms of employment o r  occupa- 
t ional  structure. 
changed drast ical ly  with the passage of time, influence of government policy, 
and the generally downward revisions of how significant a contribution geo- 
thermal energy can wke on the n a t i o w  and loca l  levels. 

However, the other studies were basically geared toward 

Also, the val idi ty  and timing of many research forecasts 

2~Successful Industrial. Innovations 8 .A Study of Factors Underlying Innovation 
in Selected Firms, Nation+ Science Foundation, 1970, p. 62. 

26For example, see, Second U.N. Symposium on the Development and Use of Geo- 
thermal Resources, 3 V 01s. , S a  F ~ C ~ S C O ,  1975 I 
of.Geothermalray Resource Development, Prepared f o r  the National Science 
Foundation by the Futures Group (April 15, 1975); GeoUlermalr 
A r t r  Papers Presented at the Geothermal Resources Council Annual Meetfng, 
9-11 May 1977, San Diego, California; and Paul I?, Cheremisinoff and Angel0 
C. Morresi, Geothermal Eneqy Technology Assessment (Westport, Conn. I 
nomic Publishing Co., Inc., 1976). 

A Techhology Assessment 

S ta te  of the 

Tech- 

27For example, Machine Design, Geothermal Energy Magazine, Chemical Engineerinq 
Promss, and Society of Petroleum Engineers Journal. 
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By comparison the ssessment study undertaken by the Human 
Resources Ins t i t u t e  is mode m limited horizon (1985). 
Though the input f o r  making manpower projections provided by t h i s  pa r t  of the  

study is still of a qual i ta t ive nature j ,  it is hoped .that this  comparatively 
narrow approach is both 
Finally, more  confidence is l e n t  because the re la t ive ly  near t h e  horizon 
precludes much pure spec 
technological products, c nts,  o r  processes. However, given the Depart- 
ment of Energy-Division of 
geothermal development, on which the manpower projections are dependent, 

u 

redlistic and more precise in its results. 

, as yet  , undefined and fu tu r i s t i c  

mergy (D.o.E. - D.G.E.) scenario f o r  

e v a l d e  -the probability that these technology 
tainment of forecasted industry growth w i l l  developments cr i t ical  t o  

take place. 
experts and s o l i c i t  t h e i r  

The specific 
Delphi method. 

s is t o  p o l l  the industry’s technical 
ts re la t ing  t o  specific technological events. 

tudy t o  accomplish t h i s  purpose was the 

There are a number of variants of the Delphi technique which, in 
some cases, itre t a i lo red  ose. However, it is 

essent ia l  t o  adhere t o  ce 
sentation of t thod and, secon at ion of how the 

follows is, first, 

technique was applied t o  technology assessment i n  the geothermal industry. 

e following two ex s are general s ments of w k t  the Delphi 

is a polling tec 
so l ic i ta t ion  of eip 
est igat ion because 
f the future  as it 

by xnany fac tors  beyond the contml  of the company o r  agency 
making the forecast. 
of experts representing the controll ing fac tors  and from the 

cted toward the prediction 
op in -a situation,.influenced 

Its methodology includes the polling 

b?J 



ensuing data develops a consensus Hhich can be used in  planning. 
Its advantage consists i n  the systematic treatment of d a t a  that 
includes the e erts' intui t ive assessment of relative 
imponderables . %I3 

Delphi 'is a method of systematic interrogation of experts; 
the interrogation is conducted anonymously by formal question- 
n a b s  and f o r  individual menibers of the group of experts; a 
central  authority evaluates the answers and makes the answers 
available t o  those interrogated i n  a new round of questions; 
after several such rounds, the result generally is that highly 
deviating opinions increasingly adapt themselves t o  one 
another; the questions are concerned either w i t h  an estimate 
of a cer ta in  year or  with an estimate of a probability value 
f o r  the occurrence of an event at a cer tain date; in the evalua- 
t ion  of the questions, the medians concerned +nd the a v e w ,  
quar t i les  of the individual answers are calculated. 29 

A thorough explanation of the advantages and disadvantages of the 

: 

Delphi method axe extensively enumerated elsewhere and therefore do not warrant 
consumption of space in  t h i s  text. 30 Instead, the problems of using the ap- 

proach as direct ly  related t o  this specific study w i l l  be pointed out in the 

next section. 
being derived from its re la t ive ly  s-le approach t o  the problems of tech- 

nology development. 

The usefulness of the technique has already been stated as 

Application of the Delphi Technique to  the Geothermal Industry 

The use of the Delphi technique in t h i s  study is intended% 
enable some perception of technological breakthroughs Mhich are l i ke ly  t o  

(1) to 

28Marvin Jm Cetron, Technological Forecasting, (New Yorkr 

29K. Gewald, "The Delphi Method as an instrument of Technological Forecast- 

Technological Fore- 
casting Ins t i tu te ,  1969)s pa 145. 

ing -- Pract ical  Bqerience," in Technological Forecasting-in Practice, eds. 
Hans Blohm and Ka,rl Steinbuch, trans. Frederick and C h r i s t i n e  Crowley 
(Lexington, Mass. I Lexington-Books, 1972) , p. 14. 

Technology Advancements: 
Industrial  Development Division, Ins t i tu te  of Science and Technology, 
University of Michigan, 1973), ppm 37-42, and Robert U. Ayres, Technologi- 
cal  Forecasting and Long-Fhge Planniq ,  (New York: McGraw-H 

1 

3oSee Gewald, ppm'l4-16, Cetron, ppe 158-159, and Lary s, Production . 
A Forecast t o  1988, (Ann Arbor, Michigan: 

1969)s PP. 148-150. 

P 

ci 
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occur by 1985 and the PO ted technology. t o  become 
commercially feasible  by is information as input 
i n  forecasting manpower requirements. 
involvement required in a Delphi study only two formril rounds of questioning 
were concluded. The results indicate that t h i s  was suff ic ient  f o r  the above 
mentioned purposes. 

n of the general approach of the Delphi method 
might be considered 
the technique, one must modify it to’ the par t icular  investigation being con- 
duited. 
possible -- e.g., the selection of expe2bs and anonymity. 

individuals who had published works concerning the technology of the industry. 
The polling of these experts then depended on obtaining t h e i r  addresses 
throtgh such sources as the Geothermal Resources Council o r  Geothermal World 
Directory. 

order’ to  avoid making 

the poss ib i l i ty  of including the same persons i n  the Delphi study who were 
on the i n i t i a l  list f o r  mail survey. 
i n  many cases the initial ‘maD survey was addressed only’ t o  ‘a final and the  

Because of the heavy time and resources 

The earlier exp 
because, in order t o  gain maximum use from 

However, certain Plethodological procedures must be kept as pure as 

The basic method of selecting e a e r t s  t o  be surveyed was t o  identify 

The above proce s subject t o  two qualifications. F i r s t ,  in 
le requests, an effor t  was’made t o  eliminate 

Some exceptions were unavoidable since 

recognition as key figures in t dustry. T h i s  dual polling factor does 
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The total number of experts surveyed i n  the first round was 103. 31 
The second-round mail survey was determined f r o m  the following tabulations. 

lo3 tom i n  first-round survey 
2 nonrespondents and unuseable responses 
46 useable responses 

- - 8 declining fur ther  participation 
38 potent ia l  second-round participants 

- - 8 further participation only by telephone o r  personal in te rv im 
30 total second-round mail survey 

- - 8 nonrespondents to second-round-survey 

After concluding the first-round survey, the next step was to edit the 
responses i n  order to  develop a concise set  of controll ing technological fac- 
t o r s  to  be evaluated by par t ic ipants  i n  the second round. This was a point of 
considerable diff icul ty  i n  this study because of the technical larqpzqp used 
by some respondents and the %on-expert" s t a tus  of the controll ing authority. 
Fortunately, there i s  considerable literature available of an explanatory 

and/or definit ional nature that greatly reduces this problem. 
t ions  with several individuals active i n  the industry helped c la r i fy  many terms. 
However, some auibiguities did remain i n  the list of controll tng factors, and 
these w i l l  be pointed out i n  the presentation of the statistical results. It 
should also be noted that the list of controll ing factors u s e d i n  the second 
round i s  by no means all-inclusive. 
the factors  given by the participants,  and no additional factors w e r e  added t o  
the list. 

22 responses to -second-round survey 

Also, communica- 

T h i s  study's e f fo r t  was directed only at 

=As a first impression one might consider this number o r  the 30 included i n  
the second-round mail survey t o  be inadequate f o r  a va l id  sampling of dif- 
fe ren t  opinions. However, these numbers appear to be quite consistent by 
comparlson with other Delphi studies, especially considering the more modest 
objectives of this study. For example, see Irene Anne Gillson, "The National 
Drug-Abuse Policy Delphi: Progress Report and Findings to Date," and Selwyn 
Ehzer, "Plastics and Competing Materlds by 1985: A Delphi Forecasting 
Study," i n  The Delphi Method: 
Linstone and Murray Turoff, (Reading, Mass.: Addison-Wesley Publishing 

Techniques and Applications, eds., Harold A. 

cowany, 1975. 

L, 
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A less 
indicate their  
responses, but 

mated by as 
here were a 1 

the rkspondents t o  
number of multiple 

a significant number of responses t o  "other." 

However, these did tend to f i t  logically- 
thus indicating that some major*category o 
f r o m  the survey. 

.f0ur =jar -=, 
not been omitted 

The classif icat ion of first and second-round respondents 
by areas of expertise is given in Tables 37 and 38. 

S t a t i s t i c a l  Results 

Table 39 provides the distributions of the responses of the 22 
respondents to the second round of the survey. 
by percentage of responses i n  each category. 

not equal 100 percent because of nonresponse to particular factors. 

category primarily result f r o m  the selection of experts in different  fields 

of specialization. 
responded t o  the amas within t h e i r  individually designated specialization(s) 
and responded less to other areas of expertise. 

fac tors  listed in the survey. Two w e r e  "plugging rein%ction wells" and 
"carbon steels." 
thus should have been phrased within t h i s  context in order t o  determine if 
there w i l l  be 
For the latte 
al loys that is crit ical  and that c 

factor that appeared ambiguo 
drilling "wells deeper et.'' Since some considered this 

The distribution is  given 
Horizontal summations may 

The re la t ive ly  large percentages expressed i n  the "NO Judgment" 

There is general consistency in that experts predoInina,ntly 

A few respondents pointed out the ambiguous nature of three of the 

I n  the case of the former the fac tor  & the problem and 

significant contribution toward the solution of the problem. 
it is the develoPmnt of new 
s - c-ntly available. 'The 

respondents was the capabili ty of 

t o r  the criticism was 

arose if there  could continue t o  

t there was a 
rt given t h i s  shortcoming and those 

was that the list of controlling 

I of specific refer- 
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I 

TABLE 37. CLASSIFICATION OF FIRST ROUND RESP0NDE;NTS 
BY ARFdS OF EXPERTISE u 

Identifi- Resource 
cation Exploration Reservoir aergy Ehviron- 
Number And -Appraisal Development Conversion m e n t a l  Other 

1 X X 
2 X 
3 X 
4 X 
5 X 
6 X 
7 X 
8 X 
9 X X X 
10 X X 
11 ' X  X 
12 X X X 
13 X X 
14 X X X X 
13 X 
16 X 
17 X 
18 X 
19 X 
20 X X 
21 X 
22 X X 
23 X X 
24 X 
25 X 

27 X 

29 X 

26 X X X 

28 X X 

X 

X 
X 
X 
X 

X 
X 
X 
X 

, 

39 
40 
41 
42 
43 
44 
45 
46 

X 
X 
X 
X 

X 

X 

X 
X 

X - 

X 
X 
X 
'X * 

X 

X 

X 

X 
X 

20 17 11 7 T o t a l  18 
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- TABLE 38. CLASSIF'ICATION OF SECOND ROUND RESPONDENTS 
BY AREAS OF EXPERTISE 

Identifi- Resource 
cation Exploration Reservoir Ehergy Ehviron- 
Number And A p p r a , i s a l  Development Conversion mental Other 

1 x X 
2 X 

' X  
' x  3 

4 
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TAELE 39. GEDTKERMAL MANPOWW PROJECT/HUMAN RESOURCES INSTITUTE 
UNIVERSITY OF UTAH u 

Delphi Survey of Technology Developments i n  the Geothermal 
Industry/Second Round 

Controlling Technological Factors ment 

I. Resource Exploratfon/Appr&d 

S a t e l l i t e  lmasery 
Reante sensing 

Surface sumeys 
Hagnetotelluric 9 .  
Microearthquake 121.7 19.; 122.71 .3 1 9 .1  

113.6 . 13.6 

.0 

Resis t iv i ty  
Subsurface surveys 

under high temperatures (25O.C-350'C) 
and under adverse cbemical conditio- 

Reservoir s i sura t ion  
Computer modeling 
Physical sodeliug 22.7 i l . S . i l 3 . 2  9.1 I .o 

11. Drl l l fng  Technology Advauces 
Geceral advanced capab i l i t i e s  

%ells deeper thaz 12-15.000 f e e t  1.l 6 
Xultiple legs  f o r  bottom hole . . A  I . 4  1 9  1 I 19 ' 
Directional drilliog c a p a b u i t i e s  19.1 I9 . l i .  $ ' . 5 1 i ~ ?  ! . 77.7 

- 0  

Speci f ic  developments 
f q r o w d  d r i l l i n g  aotor ; ;  4 . 5  Improved d r i l l  b i  :S n 

Improved coring tao ls  0 
(r .5  

E) 

13.6 

0 

Damhole replacab<z d r i l l  b i t s  - .  5 b7.71 6 . 5 1 j t  < ! 0 

Advances i n  high t eqe razu re  casing 
Improved met!~ods of sea t ing  and sealfag 

Dri l l f3g  of l a rge  dlarmeter w e l l s  for hot 
of casing 

water systems 

111. Reservoir Development 

I 9 . 1  I Use of foams f o r  d r i l l i n g  f lu ids  

Predicziou 
Prediction of vhere scaling w i l l  occur 
in the reservo it / energy Cowers ion 
system 

r) 

n Prediction of subsidence 

Improveqent o f  re in jec t ion  techdiquer r) 

Pluggias re in jec t ion  w e l l s  r) 

Reinjectton 



TABLE 39, (CONTINUED) 

W 
- _  

Page 2 

High temperature open hole 

S t M a c i o n  
Mechanical f r a c t  
 explosive f racturfu 
Hydraulic fractucfxi 
W a l l  s t imulation vi 

geotherinal brines 

from steam 
.Remval of noncondensibiles d i r ec t  

In-situ ac id i f i ca  
f lu ids  for s ca l e  
of mineral cons t i  
S i l i c a  reaoval f r  

Future development 
Bot dry rock ene 
Geopressured sys 

IV. Energy Conversion 

Carbon steel 
Titaniun a l l  

Spec i f ic  techn 

.% ter ials 

Heat exchangers 

Total  flaw turbine 
Flash vaporizers f 

Use of multiple st 
Direct f lash  of high salinity geothe 

.Binary  power cycles (v i th  separated w 

Systems technology 

f l u i d s  

ing fluid) 
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I t iou by 1985 I tpuire furthar tech-.  - - - - nological develop- 
Controlling Technological Factors I 2”;z 15:x g:, ]::oz 1 went 

Dfrect contact binary cycle 22.7127.3127.4 .o 1. .O 
IV. Coat. 

TABLE 39. (CONTINUED) 

Xo 
j u d p  
mcnr 

13.2 

~ C E I & ~ ~  SSCOND Rom SURVEY 
Page 3 

1 Likelihood of s ig-  I Present sophfstica- I 
uificaat contribu- tion does not te- ! 

2 

e f f lueot s -e .g . ,  brine reinjection, 
sludge. gases 

* 

9.1 
13.6 
-..- 

I I I 
I 

I I  
I I I .  ! .  I ’ !.-- 

I I  t 
1 1  

I I I t  I 
I 

’ -  I 

: - I - -  

-c- 

* “____s____ 

I 
! 
i 
f 
i 

i 

i 
i 
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I n  round two ing f ac to r s  was sent t o  the 

30 par t ic ipant  

useable respon s t ion  and explanation 
in the cover letter. 

Given your area of special izat ion,  with w h a t  probabili ty do 
you expect advancing technology t o  enable the f ac to r s  l i s t e d  to 
make a s igni f icant  contribution t o  the geothermal industry by 
19857 

cannot be precisely defined o r  
Q velopment which (a) removes a 
ser ious technic& ediment t o  the development of geothermal 
energy resources, (b contributes substant ia l ly  t o  the solution 

in the production, development o r  prac t i -  
nergy,, o r  (c) contributes d i r ec t ly  and 

of unresolved p 
c a l  use of geot 
subs tan t ia l ly  t o  an increase i n  the  production and-prac t ica l  
application of geothermal energy can be considered t o  be making 

? 

ively more  con- 

0-2s probabi l i ty  

f a i l e d  t o  respond to follow-up letters and received no additional 
communications 

the "Present sophis t icat ion does not require f u r t h e r  technological develop- 
ment" category. Also, note the earlier r e s t r i c t i o n  placed on the deep w e l l  
f ac to r  -- see page 99. 

33This in te rpre ta t ion  is i n  p a r t  based on the high proportional response i n  
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L.' 
developments tha t  are transferred from the o i l  and gas industr ies  i n to  the 

geothermal industry. 

(as given i n  the round one questionnaire responses) f o r  enhancing geothermal 
development were viewed with more uncertainty. Dri l l ing technology is a 

cruc ia l  area of geothermal development because of t he  adverse conditions 

(high temperatures, corrosive f lu ids  , highly abrasive rock formations, etc.)  
under which d r i l l i n g  must take place. 'This problem is being approached by 

intensive research and development e f for t s .  

However, the fac tors  t ha t  were l i s t e d  as spec i f i c  needs 

34 

Responses i n  Category 111, Reservoir Development, point t o  a r e l a t ive ly  

high degree of confidence i n  predicting the  occurrence of scaling but consid- 

erably less confidence i n  the  prediction of subsidence. 

is generally consistent with the  r ep l i e s  t o  t h e  environmental (Category V) 
f ac to r  .of "subsidence abatement." 
study), expressed concern tha t  the f a i l u r e  t o  f ind  solut ions t o  such environ- 
mental problems may pose considerable obstacles i n  the  future.  

This latter r e s u l t  

Some respondents (and others not i n  t h i s  

Also i n  reservoir  development i t  appears t ha t  improvements i n  dawn- 

hole pumps are a d i s t i n c t  poss ib i l i ty .  

hypersaline brine" was  not viewed as l i k e l y  t o  make a s igni f icant  contribution. 

This finding may prove t o  be a ser ious l imi ta t ion  f o r  development sites tha t  

are based on hot water. 

I n  contrast ,  "silica removal from 

It is in te res t ing  t o  note tha t  under the more 

f u t u r i s t i c  types of reservoir systems -- hot dry rock, geopressured, and 

volcanic -- only geopressured received a r e l a t ive ly  high response. As a 
f i n a l  observation on reservoir  development, note tha t  t h i s  category was 
most l i ke ly  t o  have fac tors  t ha t  were viewed as requiring fur ther  development. 

Under Category I V Y  Energy Conversion, the  subcategories of materials 

and spec i f i c  technology y ie ld  mixed r e s u l t s  with no apparent s ign i f icant  

trend. Two conclusions are the  large proportional responses (27.3% and 

31.8% respectively) i n  the 0-25% likelihood of contributions from "large 

r a d i a l  inflow turbines" and "turbines f o r  less than 150°C use." Under 

systems technology it seems tha t  the leading contender i s  the  multiple s tage 

flashing system. However, with the  exception of the "direct  f l a sh  of high 

s a l i n i t y  geothermal fluids" a l l  the  other energy conversion systems l i s t e d  

received the  la rges t  proportion of responses i n  the  middle two quart i les .  

34At t h e  time of t h i s  study, Sandia Laboratories (Albuquerque, N.M.) wae 
heavily engaged i n  these e f for t s .  

I 



Category V, Environmental, again, yields mixed results with the largest pro- 
portion of responses being grouped in the two. middle groups. 

an earlier statement, many-experts hold khe view that environmenta3 factors  
w i l l  play a larger role as the +ustry develops, especially with ti@lhter 
regulatory con,+-ols. 

w To emphasize 

I 

Conclusions‘ 

No single technological breakbhrough is l ike ly  to produce an unex- 
pected boom the geothermal h d u s t G ,  Advances i n  alternative’processes 
and components w i l l  require complementary 
related areas. A central  question 
limited s h e  of the market for  geothermal technologyD This limited market 
intensif ies  the rese 

earch and development i n  s e v e W  
merged in t h i s  study concerns the 

industry to conduct research and 
of whether o r  not new technology can 

ted. On the 0th , the recognition of 
onsiderable future 
vement in research, growth, is the argument use 

and demonstration efforts. 
question of cross-fer t i l imtion geothermal technology with 

the o i l ,  &, and mineraJ. kndustr also cent& to the limited market 
problem, But - t h i  s t ion remains largely s recomenhed 

j ec t  be investigated and incorporated in a cost-benefit f&- 

has influenced manpower assessment 

resultant de 

kinetic, and chemical energy potential  of the geopressured resource. 
expert has understandably taken strong exception to a predicted industry 
boom, predicated on the geopressured resource especially in e l ec t r i ca l  
energy production, w i t h  the view that the most impressive p w t h  w i l l  occur 
i n  dizect use applications. 

One 

6 4  
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the time horieon of this study. Finally, one of the most significant impedi- 

ments that might be expected i n  the future is environmental, especially the 
uncertainty concerning the subsidence problem. 

Second, there-was a small amount of d i rec t  information concerning 
manpower that w a s  forthcoming f r o m  the technology investigition. 

(1) Most technical experts in the geothermal industry have 
come f r o m  the oil and gas industries, some having 
received special geothermal training. 

(2) Feedback from some pazticipants indicates that the 
types of technical personnel currently needed w in 
earth sciences (e.g. , geologists, geophysicists, geo- 
chemists, etc. 1 and engineering (e.g, , r e seT i r ,  
environmental, and mechanical engineering). 3 , ' 

Third, i n  the early stage of geothermal development much technology 

This appears t o  be especially true i n  the  area of resource exploration 
had to be transferred d i rec t ly  from other industries, par t icular ly  o i l  and 

Qas 

and assessment, dri l l ing,  and at least i n i t i a l l y  i n  pollution technology. 
It follows that the required manpower i n  these w a s  was also direct ly  trans- 

ferred f r o m  other industries. 
a l terat ion and adaptation of these and other techniques t o  the unique features 

37 

The second stage of development has been the 

of the geothermal resource. This requires specific training geared t o  the 
uniquely emerging industry. This technology study and the personal interview 
phase of the manpower assessment study reveal that the main method is on-the- 
job training, not only for sc ien t i f ic  and technical personnel but a lso f o r  
sk i l led  labor. The personal interview phase par t icular ly  points out that 

361n conjunction, see Vase1 W. Roberts, "New Career Paths in Ehgineeringr 
Geothermal Ehergy," i n  Mechanical Ehgineering (Noveniber 1977), ppI 50-53. 

37The use of the term "stages of development" o r  "growth" makes no pretense 
to the r igor  of its use in  the context of economic theory. 
idea of discussing a newly emerging industry in a developed economy in  this 
context does not appear to be an object of economic inquiry. Still, on the 
surface at least, it is an intui t ively appealing approach as a first s tep 
i n  understanding manpower growth patterns in related industries. It is 
suggested that t h i s  is a useful avenue of investigation in rationalizing 
and comparing occupational growth patterns in  the various sectors of the 
energy industry. 
character is t ics  and problems which would be invaluable f o r  policy 
guidance. 

However, the 

This would hopefully allow the recognition of common 
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' specfalized degree offer ings i n  geothermal activit ies do not exist i n  educa- 

t i o n a l  i n s t i t u t ions ,  although some courses of an or ien ta t ion  nature are 

available.  

u 

It appears t h a t  t he  industry is firmly established i n  t h i s  second 

stage,  and the  policy i ssue  is whether o r  not i t  w i l l  soon advance t o  a 

t h i r d  s tage  involving the  emergence of novel technology on a wide scale 

and/or a s igni f icant ly  increased industry growth rate. 

of such a course of events would be the  great ly  increased need f o r  manpower 

which is  highly specialized t o  the  geothermal industry, hence the  establish- 

ment of formal t ra in ing  programs (assuming t h i s  t o  be the  least cost  approach) 

capable of producing ahpower i n  adequate quant i t ies  ensuring tha t  bottlenecks 

do not emerge. 

The implications 

Given the  r e s u l t s  of these inqui r ies  and given the  D.O.E. - D.G.E. 

forecasted industry growth, i t  appears t ha t  only a modest e f f o r t  is 

current ly  needed -- i.e., specialized courses of t ra in ing  a t  a few exis t ing 

ins t i tu t ions .  

expanded as needed i f  the  h d u s t r y  begins t o  grow a t  a more rapid pace i n  the  

1980's. 

This would es tab l i sh  a t ra in ing  base which could be gradually 
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Chapter 6 

SUGGESTED ALTERNATIVES 

The following alternatives are based on the findings of the sev- 
eral parts of this study. 
in geothermal activities have led to the conclusion that a relatively 
modest approach will be the best policy. 
geothermal activities in proper perspective with ather energy activities. 
It is toward this end,that some suggested a1ternatives.have been included. 

The specific manpower problems of firms engaged 

It is also important 'to keep 

1. The mos 
in geothermal activ 

erious manpower problems that are likely to emerge 
are in certain scienfific and 

i 

~ engineering o 

absorb the costs 

he number of 

t educational 

llege trained 

activities and has received special training courses, 
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geothermal employers should be in a more competitive position 
for recruiting relative to other energy industries. 

Because of the relatively small size of the geothermal 
development and because of the likelihood that its size com- 
pared to other energy industries will not be dramatically 
altered in the next ten years, no other suggestions specific 
to geothermal manpower are made. Other problems that will 
emerge are associated with remote site developments. 
these are of a short-term duration, and thus far the large 
firms involved in bringing power plants on line have demon- 

But 

strated an ability to transfer skilled labor and other personnel 
as needed. 

2. It is impossible to grasp the evolutionary character of a 
relatively new industry with a one-time study. 
conducted periodically (perhaps at two or three year intervals) 
would help defhe the changing nature of the activity and the 
manpower structure consequently evolving. This could be done 
at minimal cost since the information base is now well 
established. 
A more general approach to a rationalized manpower information 
system for the energy industries would involve development his- 
tories of the several energy industries. Coal, oil, gas, 
nuclear, geothermal, and solar range from the well established 
to the novel. 
could be examined at various stages of development in order 
to determine common trends. With the numerous studies that 
have been done over the years, sufficient documentation 
probably already exists €or such an effort, which should be 
a significant step forward in developing a conceptual framework 
for future manpower research. 
foreseeing changes which empirically orfented studies do not 
anticipate. Finally, decision makers could draw upon a 
synthesis of past studies in order to more accurately define 
areas ?- of needed research and to develop a general manpower in- 
formation system. 

A mail survey 

3. 

Occupational structure in these industries 

It should also be helpful in 

1 

r, 
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Definition of Activities 

The o r l g i n a l  attempt was to break down the dis t r ibut ion of person 
months by ac t iv i ty  only, 
by m a  of specialieation greatly complicated t h i s  e f f o r t  to  the point that 
precise analysis by ac t iv i ty  was impossible i h  m y  cases. 
revised list of activities (see Figure A- 
ceptual peoblems of overlapping involvement (e, g. , whether d r i l l i ng  should 
be a separate category). S t i l l ,  the revised list of activities, coupled 
with par t icular  phases of involvement, lends greater precision t o  the deter- 
mination of where human resources are allocated. 
used i n  classifying the i n i t i a l  responses are generally meant to  be inter-  
preted as the necessary stages of development at the resource site to bring 

However, repl ies  t o  the so l ic i ta t ion  of ac t iv i ty  

Even i n  the 
page 125) there remain some con- 

The specific activities 

about the u t i l i za t ion  of the resource f o r  electric generating and direct use 

applications which are socially,  economically, and environmentally sound. 

of responses because many memorandum repl ies  t o  the "other" category could 
not be associated with a part icular  activity.  Therefore, a disassociated 
designation means that person months can be at  least ident i f ied  by either 
an ac t iv i ty  o r  a phase. 

(1) Disassociated. T h i s  category w a s  used i n  the reclassif icat ion 

(2) Resource exploration/assessment (exclusive of clri lung) includes 
any site-specific,  regional, o r  national e f f o r t  t o  inventory geothermal 
resources and to ident i fy  and define the characteristics and feasible develop- 
ment of individual reservoir systems. T h i s  ac t iv i ty  includes remote sensing, 
surface, and subsurface techniques. 

(4) Well d r i l l i n g  and d r i l l i n g  services are composed of any d r l l l i n g  
ac t iv i ty ,  preparation f o r  d r i l l i ng  act ivi ty ,  and any direct support services 
necessary f o r  the implementation o r  continuation of dr i l l ing.  T h i s  category 
includes effor ts  aimed a t  assessing the resource (e.g., w e l l  logging and 
sampling) and at developing the resource i n  its vitrious states. 

(5) Plant design and construction (power plant only) applies t o  
p i l o t  plants  and to larger commercial plants. 

(6) Steam production and transmission i s  an ac t iv i ty  that could per- 
haps be be t t e r  characterieed as a subcategory under reservoir design and 
development. But f o r  purposes of consistency with eaxlier phases of this 
study, it was necessary to maintain the general taxonomy. However, listing 



FIGURE A-1 
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this ac t iv i ty  does tend to make the associated manpower explicit .  
creeps i n  when some respondents may have considered steam production and 
transmission as an implied par t  of reservoir design and development and/or 
space heating. 

Ambiguity 

(7) Space heatinq can be generally characterieed by the development 
d private use, 
l ies  basically t o  operation and 
t ion of e l ec t r i c i ty  f o r  com- 

mercial sale, f o r  use i n  an adjunct come 
test f a c i l i t y  which is anticipatkd to  de 

growing (plant o r  &a). 
this activity.  
assessment of direct use application i s  tenuous at best. 

ac t iv i ty  that takes i n t o  account the extraction of by-products f r o m  the 

resource (e,g, , mine- recovery) and processing functions (e.& , food 
dehydration) . 

al project,  o r  f o r  a project 
trate commercial feas ib i l i ty .  

(9) AaAcultural application contains any e f f o r t s  directed at  food 
Greenhouses appear to be the dominant mode of 

However, it i s  important t o  note that a t  this t i m e  any 

(10) Nonelectrical industr ia l  application i s  another d i rec t  use 

(u) EnvironmenM activitx incorporates any e f fo r t  to study, moni- 
tor, establ ish standards, o r  regulate the qual i ty  of air, ,water, the surround- 
ing habi ta t  of fish and wildlife, and natural geologic features associated 
w i t h  existing and proposed geotherma3 developments. 

Definition of Phases 

The addition of the phase classif icat ions produces both posit ive and 
negative benefits, 

(1) A much clearer  picture emerges of the extent of supporting 
services that may not be performed on the site of development, 
These services may be direct ly  associated with par t icular  
development(s) (e.&, use of mater ids and equipment on t e m -  
porary site specific locations) , o r  they may be more geared 
to the industry i n  general (e,g. 

(2) Quantit ies of manpower which do not require extended e f fo r t s  
of analysis o r  policy suggestions can be eliminated (e.&) 
consulting and publishing) ; 

Positive benefits  include the f ollowingt 

applied research) : 
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(3) 

T h i s  
fo r  purposes 

The overall  picture of manpower dis t r ibut ion i n  the geothermal 
industry is greatly enhanced because of the more  precise taxonomy. 
factors  are as follows: 
The use of the activity-phase matrix greatly complicates the 

analysis. 
requires considerably more computer work: 
Some redundancy is created (e.@;., construction of permanent 
facilities and plant design and construction); 
Some subjective judgment is required on the par t  of the investi- 
gator i n  order t o  fit some responses in to  the matrix. 
explanation of the activity-phase matrix approach is not intended 
of advocating a gene- method. The primary purpose is t o  demon- 

It is more t i m e  consuming t o  c lassi fy responses and 

strate w h a t  had t o  be done after the fact (i.e. 
ing) i n  order t o  get a clearer picture of manpower distribution i n  the industry. 
Additionally, it should not be interpreted that each phase category is of equal 
precision. 
demonstrate that some categories aze much more broadly def inedthan others. 
T h i s  was nece’ssary i n  order t o  avoid constructing a matrix of umanageable 
proportions. The def ini t ions used i n  classifying the phases of development 
are as follows: 

after the first initial mail- 

Part icular  a t tent ion should be paid t o  the def ini t ions which 

(1) Disassociated. See previous definition. 

&reas. 

grams. 
psrticular technolagical problems, especially as spelled out by D.O.E. 
p r i o r i t i e s  i n  t& i n e s t r y ,  and ( 0 )  e f f o r t s  aimed at predicting where the 

resource occurs and reservoir performance, i.ec , computer and physical modeling. 

This e f fo r t  I s  primarily conducted i n  higher education research pro- 

It a lso  includes (b) Fpplfed research which is geared toward solving 

Manufacture of materials and equipment incorporates the physical 
of a product and the desi@ and technical support functions. Most 

respondents indicate activity in the area of different types of turbines, 
well head system, and heat 
inference from this cate 
sector. 

hanger components. This seriously limits any 
cause of omitted elements o f t p e  manufacturing 
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u (4)' Sales and service of materials and equipment is another area 
of limited inference because of the small number of respondents and t h e i r  

association with only a f e w  of the activities. 

- t ions includes effor ts  to inventory resources, such as geological, geophysical, 
(5) U s e  of materials and equipment i n  temporary si te specific loca- 

o r  geochemical Surveys. 
tained i n  this phase. 

plants), direct use (agricultural and processing), and supporting (steam 
gathering systems) activities. 

categories i n  (b) above. 

Temporary tes t  facilities and d r i l l i ng  are also con- 

(6) Construction of permanent facilities contains electric (power 

(7) 

(8) Planning, impact, and feas ib i l i ty  studies. T h i s  phase embraces 

Operation and maintenance of permanent facilities applies t o  all 

informational and program research and evaluation, policy research, user sur- 
veys, and analysis f o r  scenario development. 

( 9 )  Consulting takes in to  account work done i n  both the public and 
T h i s  category appears t o  be predominantly composed of private sectors. 

single person operations with a f e w  firms composed of several consultants. 
One marked problem i n  the classification used is the inabi l i ty  t o  ident i fy  
the legal and finance phases with consulting work. 

expl ic i t  characteristic is property acquisition for clients. 
sector this is  an area of major involvement f o r  government agencies. 

investment funds, and evaluating investment ventures. 

environmentd and tax codes, the development of laws concerning the resource, 
and leasing. 

(10) Leasing and land administration. I n  the private sector one 

In the public 

(11) Finance is  a minor area that includes joint  ventures, raising 

(12) L e g a l  is  another minor category. Specific responses emcerns 

(13) Education. T h i s  phase contains only a small quantity of per- 
son months and i s  characterized by teaching and supportive research. 
it i s  not possible to strongly infer from the structure of 
appears that much of the research conducted i n  higher education is carried 
over in to  teaching and training research assistants.  

general information dissemination. 

Though 

(14) Publishing refers t o  books, maps, magazines, directories,  and 
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(15) Government rem~lation. This function includes a variety of 
reporting, review, evaluation, inspection, certification, coordinating, 
monitoring, and permitting act ivit ies .  

(16) Supporting services. This category is  a general catchall but 
specifically includes management and administrative support functions, data 
processing, c lerical  work, accounting, and contract work. 

b, 
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Appendix B 

OCCrlpATIONAL PROFILES FROM 
PROJECT INDEPENDENCE 



Geothermal Manpower Es t ima tes  Li 
T h i s  section presents the assumptions and fac tors  used to  estiknate 

Two types of geothermal energy pro- 
The m- 

manpower requirements f o r  geothermal. 
cesses are presentedt 
power estimates w e r e  prepared by Bechtel Corporation f o r  use i n  the FEA 
Project Independence Blueprint exercise. 

assumed economically viable geothermal producing f i e l d  having an ins ta l led  
capacity of 200 MWe. 
building-block estimates presented i n  this section are multiplied by the 

number of plants  derived. 

(1) dry-steam and (2) brine o r  hot =Cere 

The manpower "building-block" estimates w e r e  developed around an 

To compute total manpower requirements the manpower 
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I Manpower Est.,  Brine and Dry Steam 
General Assumptions and Faqtors .\ 
200 Mwe (net) Plant 

I. Ut i l i ty  companies are presently demanding that 20 percent excess 
capacity be developed i n  the geothermal field as a hedg;e against 
uncertainty and premature failure of wells. 
i n  the 1980's with be t t e r  knowledge of the ener source. Manpower 
estimates presented on the following pages f o r  7 a) reservoir design 
and development and (b) gathering systems should have been increased 
by 20 percent f o r  t h i s  excess capacity requirement. 

This may not be required 

11, Manpower estimates f o r  c le r ica l  and a s t ra t ive  onnel represent 
f2ve petcent of total Tbanpowerlr 

. 

I 



Manpower Est .  Brine Resource (Only) 
A l l  Phases of Development 
ZOO MWe (net) Plant 

I. Scope of Work: 

A l l  phases of development of a hot-brfne resource f o r  production 
of e lec t r ica l  energy includingr 

Resource Ehqloration and appraisal 
Reservoir design and development 
Conversion system design and construction 
Operation and maintenance 

11. Assumptions: 

a) Manpower requirements f o r  e loration, and discovery of dry-steam 
resources w i l l  be twenty (23 times that required f o r  the same 
capacity of brine resource. - 

b) Manpower requirements f o r  reservoir design and development w i l l  
be proportional to the required number of wells, and w i l l  be 
the sitme f o r  either dry steam o r  brine resources. 

construction of a brine-type power plant  w i l l  be 
than fo r  a dry-steam plant. 

d) Manpower requirements f o r  operation and maintenance of a brine 
plant will be at l e a s t  25% higher. 

e)  For each 200 We plant  there w i l l  be: 

c) Manpower requirements f o r  the conversion system design and 
greater 

52 development wells 
26 reinjection wells 

assuming water tenqerature of 382 degrees - ZOO psi. 



TABI8 B-1. DRY STEAM PLANT MODE& 
bj 

Manpower Est,  Brine Resource (Only) 
Resource Eqlora t ion  and Appraisal, 
ZOO MWe (net) Plant 

Scope of Work: 

Conduct i n i t i a l  gross reconnaissance to identify prospects; conduct loca l  
geologicaJ./geophysicdl investigations, to discriminate among prospects and 
ident i fy  specific resource t o  be developed; develop necessary rights and 
leases h permit physical development; sink necessary exploratory wells t o  
determine chemical and thermal properties of -the geothermal fluid. 

Assumptions: 

1. 

2. Drill 16 drillable prospects to f ind 1 f i e l d  of 200 MN electric 

Explore 4 prospective areas t o  f ind 1 desirable prospect (Physical 
measurement) . 4 

m i n i m  i n i t i a l  capacity. 

Average well capacity is  5 Mbfe per w e l l .  

D r i l l  2 exploratory holes per  d r i l l ed  prospect. 

Take 60 calendar days per exploratory hole. 

Have 4 drill f i g s  d r i l l i ng  f o r  18 months. 

Twenty-four month exploration and d r i l l i n g  program to f ind 

3. 
4, 

5. 

6. 

7. 

Manpower (In  an Y e a r s )  
Resource Exploration & A p p r a , i d  

200 me. 

Quantity 
Required 

Second 
Y e a r  

3 
2 2 
1 
4 

2 
2 
6 12  

8 4 
4 .  2 
2 1 

Geologist 3 
Geophysicist 
Landman 

Dr i l le r  
Laborer 
Truck Driver 

3 
2 
2 
4 Drill r i g  fore- 

12  
8 
4 
2 Geochend st 

u 
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TABLE B-2 

Manpower Est.,  DrySteam Resource (Only) 
Reservoir Design & Development 
200 We (net) Plant 

Scope of Work: 

Construct reservoir model; locate and d r i l l  all production wells and all 
reinjection wells; Gerform well-logging and preliminary well tests: case, 
cement, and complete all  wells thru  the well-head valves to complete 
shut-in. Conduct well-flow tests, chemical sampling, etc. 

Assumptions: 

Tota l  i n i t i a l  production wells = 9 w e l l s  (provides 20% sp 
Drill ing time = 60 work days/well (average) 
Working drill rigs = 5 (average) 

d c j  Average well depth = 5000 ft. 

Man Ye- 
Quantity (1.0 yr. 1 (0.2 yr.) 
Required Skilled Personnel 1st Y e a z  2nd Year 

1 Reservoir Ehgineer 
1 Geologist (Theoretical) 
1 Geophysicist 
1 Hydrologist 
1 Geochemist 
1 Mathematician (Applied) 
1 Mathematical Technician 
1 Draftsman 

2 Geolo gi s t (Core -Logger) 
1 Drill ing Superintendent 

a75 
.3 
.3 

.3 
75 
75 

8 25 

0 3  

2.0 
1.0 

0 
0 
0 
0 
0 
0 
0 
0 

0.4 
0.2 

Rig Foreman 4.0 0.8 

Pipe-F'i tter 4.0 0.8 
Driller 16.0 3.2 

Crane Operator 1.0 0.2 
Welder 2.0 0.4 

Truck Driver 2.0 0.4 
Laborer 12.0 2.4 

O.75 0.2 
Mech. Ehgineer 1.50 0.4 

Mechanical Technician 1.50 0.4 

1 Reservoir Engineer 

1 Geochemist 0.75 0.2 
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Manpower Est. Dry-Steam Resource (Only) 
Design & Construct Conversion System 
200 He (net) Plant 

Scope of Work: 

Desie, procure, construct, test, and s 
whose l i m i t s  extend  fro^ the well-head 

f ac i l i t i e s .  

re abov~-d3=)md Plant, 
flange -thru the 

system, thjcu the power g e n e r a ~ o n  plant,  and 
does not lliclude any ,e lec t r ic  power transmission 

I 

I 

I. Gathering System: 
I 

M: 4 month 
design, 8 month construct. 
well-head valve to last centr i f .  d) 

+ I I  1 . 
Man Y e a r s  

_..* - . . . I .  

Quantity 
Required Skilled Personnel Total 

I , Mech. Engineer Design 0.7 

1 C i v i l  Ehgineer Design 0.33 
0.33 
0.33 

2 
1 
1 Draftsman (Designer Quality) 
1 Draftsman 
5 Route Surveyor (0.25) 1. 25 

0.7 
1.4 
3.0 
2.0 

1 
2 
6 

1.0 
2. 0 
1.0 

I Truck Driver 2.0 
1. 0 
0.5 ~. 

I 0.58 
I 0. 50 

t l  

, 

I 

I 

I 

1 

.3 year construction schedule 
24 month delivery schedule on each T/S set 

i 

' L J  

1 

i 

I 

I 



Cbi TABLE B-3 (cont.) 

1 
2 
4 
3 
1 
1 
6 
6 

10 
8 
6 
6 

15 
6 

10 
4 
4 
2 
4 
3 
2 
8 
5 

e 4  
1 
3 
4 
20 

Quantity F i r s t  
Yeax Required Skilled Personnel 

2 Struct. Eng%neer 2.0 
5 Mech. Ehgineer 5.0 
2 C i v i l  Ehgineer 2.0 
3 ELec. Engineer 3. 0 
1 Corrosion Enginee 0.3 
2 .  ' Architect 0.5 
4 Draftsman (De 4.0 

16 Draftsman u.5  
5 Topog. Surveyor 3.3 
1 Purchasing Agent 0.5 
2 Inspector (Equip) 1.0 
1 Corrosion Engineer 0.2 
2 ' " C i v i l  .&gineer (Construction) 2.0 

Mech. 3hgineer 1.0 

- 

EXLec. Bhgineer 2.0 
Surveyor (Constr. control) 4.0 
Inspector (Constr. ) 3. 0 
Superintendent (Constr.) 1.0 
Asst. Superintendent (Constr. ) 1.0 
Foreman 5.0 
Electrician 4.0 
Pipe F'itter - 
Welder 4.0 
E l lwr igh t  - 
Concrete Worker 1.5 
SheetmetaJ. Worker - 
Carpenter 10.0 
Plumber - 
Insulation Installer 0 

Tile-Setter - 
Painter - 
Instrument Technician - 
Machinist - 

Iron-Worker 3. 

Q33= 3-03 
Truck Driver 5.0 
Crane Operator 3.0 
Timekeeper 1.0 
Warehouseman 1.0 
Pile-Driver 4.0 
Laborer Common 15.0 

15.1 

Second 
Yeax 

1.0 

1.0 
1.5 

0.2 
2.0 
4. 0 

0.5 
1.0 

2.0 
1.0 
2.0 
4.0 
3.0 
1.0 
1.0 . 
6.0 
6.0 

8.0 
6.0 
6.0 
1.5 
3.0 

10.0 

2.0 

3.0 
1.5 
2.0 
4.0 
5.0 
4.0 
1.0 
3.0 

20.0 

15 2 

P I  

2.5 , 

r 

0 

- 

- 

- 
0 

- 
- 

0 - - - 
0.2 
2.0 
1.0 
2.0 
1.0 
3@ 0 
1.0 
1.0 
5.0 
6.0 

10.0 
6.0 
4.0 
4.0 
7.0 
6.0 
4.0 
4. 0 
4 s  0 
1.5 
4.0 
3.0 
2.0 
3.0 
4.0 
3.0 
1.0 
2. 0 

10,o 

230 5 

I 

- 
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I 

TABLE Bo4 1u 
i 

Manpower Est. Drysteam 
Operation & Maintenance 
ZOO Mwe (net) 'Plant 

1 

I. Scope 'of Work: 

Operate and maintain the ent i re  ene 
sion system thru the 35 year desi 

covery s y s t e m  =d conver- 
of *e 200 me p u t .  

2 WkD planned outage/pD + 30 day planned outa,ge each 3 
for each unit ,  

11. Powerhouse: 

Quantity 
Required 

1 
$ 3  
8 9  

Average &n Years 
Per 'Yea of 

SIdlled Personnel Plant L i f e  

Plant superintender;t (oper. 1 
Shi f t  Foreman 3 
Plant Operator 9 

I a i  kch ,  (Turb. S p e c i d s t )  O D 1  

Corrosion ]Engineer 0.1 
In Chnid 0.5 

Millwrfpjlt 0.2 
Machinist 0.2 
Pipe f i t t e r  0.3 

Insulation Installer 0.2 

0.1 
0.1 

w3f3er 
Crane Operator 
Laborer .2 

g 1  I 

E 2  
Fo O D 2  , 1 $. 

9 ;  2 Electrician O D  2 

. O D  2 E l 2  Painter 
3 
1 

111. t 

Average Man Y e a r s  
Per Year of 

I gaUant i tY  
1 Required 

bl+ 



, 
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TABLE ~ - 4  (Cont,) 

III. Gathering System: (Cont.) 

SIdlled Personnel 

Average Man Y e a r s  
Per Y e a r  of 
Plant L i f e  

ow1 
O a  2 
0.1 
O a  2 

‘ O w l  

1 FORllE33l 
2 Pipef i t te r  
1 Welder 
2 Insulation Installer 
1 Crane Operator 
1 Civ i l  Engineer 
1 
1 Draftsman 
1 C i v i l  Engineer (Construction) ow2 
1 Foreman 
3 Pipefi  t ter  
2 Welder 
2 Carpenter 
4 Conc Worbr 
1 Doaer Operator 
1 Crane Operator 
1 Truck Driver 
2 Insulation Installer 
1 Inspector (Constr, ) 

ow5 
1.5 
1.0 
0.5 
ow1 
ow2 
0.5 
0.5 
0 4  
ow1 
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Appendix C 

OCCUPATION PROFILES 
DEWELOPED FROM THIS STUDY 

* .  

.. , 

, _  . . .  . 



TABLE C-1. OCCUPATIONAL PROF'ILm FOR FIFW 
INVOLVED I N  MPLORATION AND 
APPRAISAL OF THE RESOURCE 

Total N u m b e r  Total  Number Yearly Occupations Host 
Replace- Identifi- Strongly Related of Persons of Person 

t o  Geothermal ;;ti$sployed Months ment 
September 1977 September 1977 Needs 

cation 
Number Act ivi t ies  

*, J. 

8 

Chief Geologist 
Land Manager 
ChemLst 
Mechanical a g i n e e r  

Ebglneer Technician 
Accountant 

Bookbeper 
Legal  Staff 
Contracting/ 
Purchasing 

Geophysicist 
Data Processing 
Computer Analyst 
Draftsperson 
Field Geologist 
Field Technician 

Rounded Total 

1 
2 
1 

1 
1 
1 
1 

1 

1 

1 

Geologist (wel l  logging) 
Field Chief (geologist) 
Field Programmer 
Techni cian 

Totdl 

11 

3 
1 
1 
1 
2 
3 
1 

2 
1 
1 

16 
- 

* 1978 Data 
* If blank, then no information was provided 

12  
24 
12 
12 

12 
12  

12 
12 

4-9 
4-9 - - 
126 

__  a- 

_- -- - - 
-- -- 

Personnel axe used 
90-100 percent i n  
geothermal 
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TABLE c-1. (CONTINUED) 

Total Number Total Number 

0- -- 10 Geophysicist l o  
Geologist 10 -- -0 

0- - e- - 8 Environmental Tech. - 
Totdl 28 

16 Land Use Personnel 5 
Geophysicist 25 

Geologist 
T o t a l  

5 
35 

Used.85% of 
the t i m e  i n  
geothermal 

60 -- 
-- _- 

-- -- Geologist 3 
i Geochemist 1 
1 Dra,ftsman 4 

4 
Environmental Planner 2 

I Drilling Ehgineer 1 
Administrative &$Seer 1 

Field Superintendent 3 
Other 1 

24 

I -- *17 
-I 

c -- -- 
-- I -- 

, I Landman 
0- ”_ 

I -- -_ 
-_ -- 
-0 0- 

-- - -0 

Total  
-0 2 24 Geologist -- 19 

Geophysicist 1 12 
I Dr i l l ing 1 6 

I Mechanical Engineer 1 3 

i 
I 

‘ I r ’  * 1978 Data 
I 

i 
1 -- 

-- 1 6 .  

2 18 1 

9 75 1 

Petroleum Engineer 
I -- I 
I 

Land Mangger 

Total 

-- - 6 - 1 Legal  - i 

1 

I 
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TABLE C-lm (OONTINm) 

Occupations Most Total. Number T O W  Number Yearly 
Identifi- Strong3y Related o f  Persons of Person Replace- 

Number Activit ies September 1977 September 1977 Needs 
cation to  Geotherma3 Employed Months ment 

33 Geologist 3 36 -- 
Geophysicist 2 24 -- 
Geochemist 1 12  _- 
Manager 1 12 -_ 
mtsman 2 24 -- 
Land Manager 1 12 -- 

* 

1 
I 
i 

i 

Land Secretary 
Land Draftsman 
Financial Analyst 
Ebploration Tech. 
Drill ing Supervisor 
Attorney 
Accounting Staff 
Secretary 

Rounded Total 

1 
1 
1 
2 
1 
2 
2 
2 

22 
- 

12  
12  
12  
24 
12 

3-12 
3-12 

12 

230 
- 
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TABLE C-2. OCICUPATIONAL PROFILES FOR FIRE3 
i L /  
~ 

Drfller Foreman 
Job Foreman 9 - -- 0,5 

Total 27 12.5 

00 00 18 Drflling Foreman 4 
Driller 4 
Derrickman 4 

I MOtO3XEUl 4 
8 - , Drilling Helper 

I "22 Driller 4 9 

90 -0 

0- -0 

-9 -- 
I .o- - -0 

1 Total 24 
-0 

-- 8 9 - Drfller .Helper - 



TABLE C-3. OCCUPATIONAL PFtOFILES FOR F'IFtMS INVOLVED RESERVOIR 
DEVEU)mT, mW'ER PLANT ENGR?EWING, AND DESIGN 13 

5 Environmental 
Geologist 
Area Planner 
Air Quality Tech. 

Noise Pollution 
Archeologist 

Engineer 
lechanical 
Process (Mining/metzits) 

Mamxement 
Hanager 
Lawyer 
Procurement Spec. 
Administrative 
Secretarial 
Comptroller 
Asst. conxptroller 

T o t a l  
24 Mechanical Ehgineer 

Technical Assistant 
Chemical Processing 

Ehgineer 
Plant  Design 
Architect 
Electrical Ehgineer 
Project Manager 
Civtl/Structural Engineer 
Instrumentation 

Total 

2 
1 

4 
1 

1 
1 
1 
6 
4 

12 
12 
48 
8 
3 

- 

2 

1 

3 
9 
2 

3 
1 

32 
- 

-- > I  

-- 
I. - 



TAELE C-3. (CONmVED) 
b, 

Occupations Total Number . Total Number Yearly 
Identifi-  Strongly Related of Persons of Person Replace- 
cation th Geothermal 
Number Activity September 1977 September 1977 Needs 

Employed Months ment 

29 Head Geologist 1 

Staff Geologist 5 
Geological I)raftsInan 1 
Drilling Head 1 
Orilling Engineer 1 
Tool Pusher 2 
Mechanical Engineer 1 
Geological Engineer 1 
Production Foreman 1 
Construction Foreman 1 
Contract Support 2 

Pipeline Technician 3 
Reservoir Ehgineer 1 
Land Manager 1 

Comptroller 3 

Total 26 
1 Landman - 

2 2  
60 

12 

12  < 

1 2  
1 2  
12  
12 
12  
12  
24 
36 
12  
12  

36 
12  

312 

-- 
e 
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A p p e n d i x  D 

MANPOWER FORECAST BY I 

SPECIFIC OCCUPATIONS 



TABLE D-1s RESOURCE MPZORATSON AND ASSFSSmT 
~~~ ~ ~ 

Summed Total of Individuals 

Project Independence 

Forecasting 
f l r o m  Surveyed Firms and Coefficient 

Derived New Employment Estimated from Forecasted Growth 
1980-1985 1986-1990 1980-1990 

(percent) Min Max Min Max Min Max 
Scientists/Engineers 

Geologist 
Geophysicist 
Geochemist 
Mechsnical Ehgineer 
IMlling Englneer 
Pebleum &&near 

Administrative Manage ment/ 
Clerical 

Technicians 
&&.neering Technician 
Computer Analyst 
Data Processing 
Draftsman 
Exploration Technician 
Ehvironmental Technician 

Others - 
Laborer 
Truck Driver 

32 
43 

5 
2 
2 - 

Subtotal 85 

Subtotal ll 

1 
1 
3 
4 - 11 

Subtotal 20 

2 
1 
9 
6 
10 

Subtotal 29 
- 

4 
2 

Subtotal a 
mAL 13 

3.61 
4.86 

.56 
a 2 3  
23 

e l l  

1.24 

e n  
en 
.3rc 
a 4 5  

1.24 

a l l  

23 
11 

1.02 
68 

1.13 

45 
23 

427 
574 
67 
27 
27 
13 
ll35 

147 

13 
13 
40 4 

4 
13 
27 
13 

120 

53 
27 

80 
2014 

1167 1338 
1572 1802 
181 208 
74 85 
74 85 

401 460 

37 42 
37 42 

110 126 
146 167 - 4ol ' 460 
73lm 

37 42 
74 85 
37 42 

330 378 

146 167 
3 8 5  
220 252 

5520 6327 

3664 

568 
233 
233 

4932 

& 
1258 

116 
116 
34.5 
457 

z5.e 
2292 

116 
233 
116 

1035 
6% 
11117 
3337 

3 
17323 

606 1659 

56 1 9  
56 1 9  

166 455 
220 602 

112 308 
56 19 

499 1365 
332 9lO 

220 602 - 112 _308 
332 9I.o 

8 9 2  22850 

c e 



TABLE D-2. DFULLING 

Summed T O M  of Individuals 

Project Independence 

Forecasting Derlved New Employment Estimated from Forecasted -19804990 G r o w t h  
from Surveyed Firms and Coefficient 1980-1985 1986-1990 

(percent) M i t l  Max Min Max !+in Max 

Job Foreman 13 

Drilling Foreman 13 

1.47 173 475 545 1492 718 1967 

173 475 9 5  1492 718 1967' 1.47 
Driller 24 2.71 320 876 1005 2750 1325 3627 

~errickman ( A s s t .  Driller) 29 3.28 387 1061 1216 3329 1603 4389 

Motorman 4 .45 53 167 457 220 602 

.45 53 146 167 457 220 602 Pipefl tter 

Welder 

Crane Operator 

Truck Driver 

Laborer - 12 1.36 - 1 6 0 -  3 1 3 8 0  3 1 8 2 0  
TOTAL lo4 1386 3804 4361 11939 5749 157W 

2 0 23 27 74 85 233 112 308 

1 m u .  13 37 42 116 56 19 

2 23 27 85 233 112 308 

.. 

- .  



TABLE D-3m RESERVOIR FEED SYSTEN (ConstructLon) 

Forecasting Derived Mew Wlploylnent Estimted f&m Forecasted G r o w t h  
1986-1990 1980-1990 Estimte f b m  Coefficient 1980-1985 

(percent) Min Max Min Max Min Max Project Independence 
Soientistimatneer 

Mechmlcal Engineer 
civil Fnglneer 

Technlcian 
Drafts= 
Route Sunreyor 

Field Sm&sion/Inspecton 
Foreman 
Inspector 

Skilled Labor 
Welder 
Carpenter 
Concrete Worker 
Dol;er Operator 
Crane Operator 
Insulation Instal ler  

Other - 
Truck Driver 

2 
2 

Subtotal 

2 

Subtotal 7 
1 

2 

Subtotal 5 
2 

4 
2 
4 
2 
2 
6 

Subtotal 

Subtotal 4 - 
TOTAL 40 

23 
23 

23 27 
56 -3 
23 27 

-% 
m45 53 
23 27 

-45 53 
23 27 
23 27 
68 80 

267 

*45 53 

535 
- 

74 
181 
255 

74 

- 

4% 
146 
74 

146 
74 
74 

3% 
146 

1467 

- 

85 
3 

170 

85 
208 
293 
- 

85 
126 
2 l l  
- 

167 
85 

167 
85 4 

167 

1682 

- 

jg 
801 

233 
2.5 

578 

457 
233 
457 
233 

2303 

457 

4605 

3 

7 

112 
112 
-2s 

-3 
112 
166 
278 

220 
112 
220 
112 
112 

1108 

220 

2216 
- 

c 





TABLE D-5a OONSTRUCTION OF FQWW PLANTS 

Summed Total of Individuals Forecasting Derived New Bnployment Estinabd f&m Forecasted Growth 
From surveyed Firms and Coefficient 1980-1985 1986-1990 1980-1990 

PmJect Independence (percent) Min Max Min Max Min Max 

Scientist/lngineer 

structural Eagineer 
Mechanical Engineer 
civil Englneer 
Electrical Ehglneer 
Cornsion Ehglneer 
Processing n?glneer 
mttlling EhgLneeE 
Geological Qlgineer 
Reservoir Enginwr 
Architect 
Axcheologlst 
GeologLst 

Adndnistrative Manage m e a t  
Clerical 

11 
21 
12 
19 
I 

3 
1 
1 
1 
5 
1 
8 

Subtotal 84 
- 

subtotal 34 

a l l  

.ll 
a l l  

m 3 4 .  

a l l  
a 5 6  
m i I .  
a 9 0  

147 401 
280 766 
160 440 
253 695 

37 
ll0 

13 
40 
13 37 
13 37 
13 37 
67 181 m &  13 

u19 

460 
879 
5011 
797 
42 

126 
42 
42 rcz 

208 
42 
2 
3518 

440 

1659 
P72 
1820 
2877 
19 
455 
19 
19 
19 
749 
19 

1204 
l . 2 2  

c 

22 2.49 293 i)raftsman 
Surveyor 8 a 90 107 

^ 4  45 53 ~nstrument Technician 
Pipellne Technician 3. a 3 4  40' 
Air Quality Technician 1 .ll 13 
Noise Pollution Technician 1 a l l  

*3rc - z! 
Subtotal d 559 

Technical Assistant  

805 
2 9  
146 
110 
37 
37 

B 

923 2527 
334 913 
167 457 
126 345 
42 116 
42 

l a 7  
440 
220 
166 
56 
56 

166 
2321 
- 

3332 
1204 
602 
455 
19 
154 



. . . . . .  . . . . . .  . . . . . .  ....... .- . .  ...__.I..__...--.-... ...... ...... ” .  

a 

Summed T O M  Qf IndivldualS Forecasting Derived Nen Earployment Estimrated f m m  Forecasted GroHth 
Fmla Surveyed Nnns and Coefficient 1980-1985 1961990  1980-1990 

Project Independence (percent) M i l l  ,Max m Max Mfn Max 

construotion Superintendent 2 23 
Foreman 3 a 3 4  
Inspectors 22 1.92 

Subtotal. 22 

Skilled h h r  
. EILectrlcian 21 2.37 

15 1.69 
8 1 9 0  

‘ 8  a 9 0  
2 6 23 

16 l a 8 1  
8 a 9 0  

1.69 
68 

5 
6 
0 6.78 
4 a45 
4 r45 
2 * 23 

.45 
a45 

4 
4 
4 a45 

Boilermaker 2 1 2 3  

Equipment Opemtor 22 3.05 
Subtotal P O  

Teamster “ 13 3.47 
Toolprisher * 2  23 
C o n t r a o t  support ’ 2 ’ .23 
Common Laborex- 42 4a75 
Drilllng Head 1 a l l  

warehouseman 2 ’ ’  a 3 4  - 
Subtotal 63 

TOTAL 488 
- - 

27 

4 
280 

. 200 
107 
107 
27 

a 3  
107 
200 
.80 
800 
53 
53 
27 
53 
53 
53 
27 

_360 
2800 

173 
27 
27 !m. 
13 
3 
840 
6052 

74 
110 
622 
805 

766 
$7 
241 
291 
74 

585 
241 
547 
220 
2l92 
146 
146 
74 

146 
146 
146 

- 

9 
475 
74 
74 

1536 
37 -u 

236 
16591 

85 
l26 

712 
923 

879 
627 
334 
334 
85 

671 
334 
627 
2% 

234 
1-67 
167 
85 

167 
167 
167 G 

- 545 
85 
85 

1161 
42 

126 
2644 

19022 

% 
$3 
2405 
1715 
913 
413 

913 
1715 
690 

6880 
b57 
457 
233 
457 
457 
457 

$2 

a 
1492 
233 
233 

4820. 
u 6  
295 
7239 

52063 

112 
166 

i% 

$2 
440 
440 
112 
885 
440 
826 
332 

3x4 
220 
220 
112 
220 
220 
220 
112 

2!iS 
Us88 

308 

3332 
2 
972 
2262 
1204 
1204 
308 

2422 
1204 
2262 
910 
9073 
602 
602 
308 
602 
602 
602 
308 
482 

28129 

... 

.- 

3486 99@ 
25076 65070 



, .  

TABLE D-6. OPBBATION AND MAINTENANCE OF POWER PLANT 

Summed Total of Individuals 

ProSect IndeRendence 

Forecasting Derived Mew Employment Estimated f m m  Forecasted Growth 
1986-1990 1980-1990 fYom Surveyed Firms and Coefficient 1980-1985 

hercent) rn Max M i l l  Max M i l l  Max 

Scientist./Engineer 
Mechanical Ehgineer 
Corrosion Eslgineer 

Technicians 
Senior Power Plant Opezator 
Power F'lant Operator 
Ass t .  Power Plant Operator 
aOntsol Technician 
Instrument Technldan 

Supervisory Personnel 
Plant Superintendent 
Shift .  Foreman 
Forenm 

SIdlled Labor 
Milllcclght 
Machinist 
PipefY. tter 
Welder 
mectrlciati 
Insulation InstaJler 
P8inb.I- 
Rigger 
Crane Operator 

Laborer 
O t h e r  

1 
1 

Subtotal 2 
- 

2 
P 
4 
1 
6 

Subtotsl 3 

1 

Subtotal 

4 
13 
3 
4 

11 
2 
2 
5 
1 

Subtotal ri? 
Subtotal 6 

a23 27 
2.37 280 
.45 53 
a l l  13 
68 80 

T 3  

a45 53 
1.47 173 

.34 40 
a45 53 

1.24 147 
23 27 
23 27 

e 5 6  

a l l  4 
- 

74 85 
766 879 
146 167 
37 42 

37 42 
ll0 126 A s s  
221 253 

146 167 
9 5  

146 167 
4ol 460 
74 85 
74 85 

181 

ll0 475 126 

22 d m  

116 56 19 
345 166 455 

308 

457 220 602 
718 1967 

455 
602 220 

345 
606 1659 

457 

233 308 
308 

ll2 
112 

-% 917 

1492 166 

116 3: 3 2 - 
959  

TOTAL 93 n59 382 3647 9986 4808 1375 
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